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ABSTRACT

DESIGN OF COLLABORATIVE PROBLEM-SOLVING ACTIVITIES
WITH EDUCATIONAL ROBOTS FOR MIDDLE SCHOOL STUDENTS

Gileg, Mustafa
Doctor of Philosophy, Computer Education and Instructional Technology
Supervisor: Prof. Dr. Zahide Yildirim

December 2020, 485 pages

The purpose of this study was to explore the design of collaborative problem-solving
activities in order to solve ill-structured problems in science with educational robots
for middle school students. In conjunction with this purpose, a formative research
design was followed to investigate the development and implementation process of
ill-structured problem-solving activities. Accordingly, problem-solving activities
were developed by the help of faculty members in science education and
instructional technology departments and practitioners in middle schools. The
objectives were chosen at the 5" grade level for Information Technologies and
Software (ITS) and Science Courses. Subjects were associated with the problem-
solving and programming units for Information Technologies and Software (ITS)
Course. They were also related to physical events, creatures, and life units of the
Science Course. As a result, four activities namely Robot Factory, Lifeguard Robot,
Savior Robot and Scavenger Robot were developed prior to the implementation
process. Implementation phase was carried out over two cycles in two different
public schools. Several modifications were made to the activities during these cycles.

Furthermore, research questions were explored with the opinions of teacher and



middle school students (totally 24 5" graders in the first cycle and 51 6™ graders in
the second cycle) during the implementation process. Data were collected through
semi-structured interviews, activity sheets, reflection diaries, and tests on the related
subject of the activities.

Keywords: Problem Solving, Ill-structured Problems, Educational Robots,

Formative Research
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0z

ORTAOKUL OGRENCILERI iCiN EGITSEL ROBOTLARIN
KULLANILDIGI iSBIRLIKLi PROBLEM COZME ETKINLIKLERININ
TASARIMI

Gﬁleg, Mustafa
Doktora, Bilgisayar ve Ogretim Teknolojileri Egitimi
Tez Yoneticisi: Prof. Dr. Zahide Yildirim

Aralik 2020, 485 sayfa

Bu caligmanin amaci, egitsel robotlar ile fen bilgisi alanindaki yapilandirilmamis
problemleri ¢6zmek i¢in ortaokul 6grencilerine yonelik is birligine dayali problem
¢ozme etkinliklerinin tasarimini  incelemektir. Bu amag¢ dogrultusunda,
yapilandirilmamis problem ¢ézme etkinliklerinin gelistirilme ve uygulama siirecleri
bi¢imlendirici arastirma tasarimi kullanilarak takip edilmistir. Ozel olarak bu
etkinlikler fen egitimi ve dgretim teknolojileri bolimlerindeki uzmanlar ve ortaokul
diizeyinde gorev yapan 0gretmenlerin yardimlariyla gelistirilmistir. Etkinlikler i¢in
kazanimlar 5. sinif diizeyindeki Bilisim Teknolojileri ve Yazilim (BTY) dersi ile Fen
Bilimleri dersinden alinmistir. Bu baglamda Bilisim Teknolojileri ve Yazilim (BTY)
dersi i¢in etkinlik konular1 problem ¢d6zme ve programlama tiniteleridir. Ayrica, bu
konular Fen Bilimleri dersindeki fiziksel olaylar, canlilar ve yasam konu alanlari ile
baglantilidir. Sonu¢ olarak, uygulama siireci Oncesinde Robot Fabrikasi,
Cankurtaran Robot, Kurtarici Robot ve Copcii Robot olmak iizere dort etkinlik
gelistirilmigtir. Olusturulan etkinliklerin uygulama siireci farkli devlet okullarinda
iki farklh dongii halinde gergeklestirilmistir. Bu dongiiler sirasinda etkinlikler ve

uygulama siireci lizerinde ¢esitli degisiklikler yapilmistir. Ayrica uygulama

vii



stirecinde O0gretmen ve ortaokul 6grencilerinin (birinci agsamada 24 5. sinif, ikinci
asamada 51 6. siif') goriisleri dogrultusunda arastirma sorularina cevap aranmaistir.
Aragtirmanin verileri katilimcilardan yar1 yapilandirilmig goriismeler, etkinlik
yapraklari, yansitict giinliikler ve etkinlik konular ile ilgili sinavlar aracilifiyla

toplanmustir.

Anahtar Kelimeler: Problem C6zme, Yapilandirilmamis Problemler, Egitsel

Robotlar, Bigimlendirici Arastima
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CHAPTER 1

INTRODUCTION

This chapter provides a general background to the study, starting with a brief review
of the literature on educational robots, definition of “problem-solving” and the
concept’s applications in learning environments. The current state of research is also
presented on the subject. The significance of the study — animated by its purpose and
its research questions — is then explained via its situation on the basis of previous
research. Finally, the definitions of key terms used in the current study are also

provided at the end of the chapter.

Robots, the central feature of the a rapidly growing field of robotics in educational
environments, sometimes act as content-providing tools, while others serve as
learning materials that allow learners to operate them directly (Park, Kim, Oh, Jang
& Lim, 2015). In the latter case, students can convert themselves from a passive
receiver to an active learner by developing a number of mental skills and new
knowledge based on a constructivist learning approach (Atmatzidou & Demetriadis,
2014). This innovative feature has made robots popular in informal education in the
form of extracurricular programs (Polishuk et al., 2012). One of the main advantages
of holding informal training sessions with educational robots is that they are short-
term and require both minimum curriculum design and minimum required training
for teaching staff, as robot experts are there to assist. Nonetheless, informal sessions
are usually one-off and thus their longitudinal impact can be questioned (Mubin,
Stevens, Shahid, Mahmud, & Dong, 2013b). In addition, most of these sessions have
high participation costs (Balogh & Petrovi¢, 2020) and organizational difficulties
brought on by the fact that they have high number of participants (Lima & Custodio,
2005).



Educational robots are an all-in-one technological learning tool that encourages the
future success of our students and is expected to be increasingly integrated into the
curriculum of the schools (Eguchi, 2014b). The characteristics of tangibility and
excitement make them an inseparable part of the classroom (Karim, Lemaigman &
Mondala, 2015). The idea of incorporating robotics into the learning process is no
longer a novelty, but there is still a question of how it can be used to promote the
development of certain skills and which pedagogical principles should be taken into
account (Daniela & Lytras, 2018 as cited in Daniela, 2019).

Due to the strong emphasis on standardized tests and the demand to meet the
government's academic standards, it is very difficult for teachers to include robotics
in their school curriculum (Eguchi, 2017). Several attempts at their inclusion have
led to robotics being developed as a separate subject, as opposed to a supporting
element to the existing packed curricula, which is another difficulty for teachers
(Ching et al., 2019). Kog¢ and Senol (2012) suggested the investigation of robotic
applications through a combination of the science and technology disciplines in
education. Within this new framework, they can change students’ perceptions and
understandings by making it possible to access different types of information when
used as a complementary addition to conventional science teaching. Therefore,
designing a study to extract design requirements in collaboration with the content of
these disciplines can be crucial as well as beneficial. The design of such an
environment may offer multi-faceted challenges, so there are a number of issues to
be explored from an educational perspective (Panayiotou & Eteokleous-Grigoriou,
2017).

The literature indicates the necessity of applying unique learning methods to the use
of educational robots established and connected to the general curricula in schools
(Kubilinskiene, Zilinskiene, Dagiene, & Sinkevicius, 2017). PBL puts students in an
active role in which they can cope with authentic tasks and learn through designing
robots and problem-solving by using these educational tools. This method has
several advantages over traditional education, but designers are increasingly aware

of the difficulties and limitations of applying it in the regular school environment.



Therefore, exploring the potentials of constructivist problem-solving environments
enriched with educational robots needs careful designs of content and methodology
(Barak & Assal, 2018).

Atmatzidou, Demetriadis and Nika (2018) argue that a guided framework for
problem-solving with educational robots maximizes the learning benefits of these
powerful learning environments. In these environments, students should work in
groups, in which members have assigned roles and collaborate with others. Detailed
instructions on the process can be provided through worksheets covering special
problem-solving strategies. In addition, the workload of the students should be
reduced through fading guidance during the problem-solving process. This guidance,
in turn, may be based on the general steps (understand the problem and plan,
implement, and evaluate the solution) of the problem-solving process of well-
structured problems. However, according to Jonassen (2004), different intellectual
skills are needed to solve ill-structured problems than well-structured ones. The
methods of teaching well-structured problem solving cannot, therefore, be used
effectively to teach ill-structured problems. It seems likely that the solution of some
very ill-structured problems simply cannot be taught by anyone else. Such solutions
must be experienced by the problem solver through the execution of an ill-structured

problem solving process.

A limited number of guidelines have been introduced in the literature. In one of them,
Williams et al. (2007) outlined six principles for developing and implementing
robotic programs. The program was conducted in a robotic camp which was designed
for middle school students and consisted of hands-on group activities that provided
experiments with physics concepts. Uggiil (2012) conducted a further study to unveil
the design principles for educational robotic training camps. In that study, two
robotic camps were organized with elementary school students. Both studies have
contributed to the literature by investigating robotic activities in non-formal

educational settings.



On the other hand, Kamga et al. (2017) introduced the design requirements for
robotic education activities that promote a collaborative problem-solving approach
when integrated into a typical school curriculum. The findings of the study were only
based on the literature review. These design requirements should therefore be
confirmed in the context of the intervention of problem solving activities with
educational robots. Giirkanli (2018) also looked at the design requirements of
educational robotics in a school environment from the perspective of 15 teachers. It
was interesting that only one of the instructors involved (with two years' experience)
used these tools in curricula. The rest of the instructors all reported that they used
robots as extracurricular activities. All instructors who participated were also
working in private schools, which was another limitation of the study. The researcher
expressed that there may be different needs in the context of government schools. In
addition, information provided by only instructors may be biased since there is also
a need to collect the opinions of the students involved in the real context of the

activities.

1.1  Background of the Study

In order to enhance the benefits of education for students, the aim should be to
involve them in a meaningful learning experience. Constructivist learning
environments focus on integrated curriculum in a number of fields and use materials
in such a way that students are actively involved in their meaning-making. The goal
of a constructivist activity is therefore to provide a rich experience that encourages
students to learn with a great deal of activity, social interaction, and authenticity
(Schunk, 2012). The major question of how to prepare students in these learning
environments, however, lies at the heart of the problem of bringing knowledge and
skills acquired in the classroom to the rest of the students’ lives (Bruner, 1999).
Problem-solving activities can be the most meaningful kind in formal educational
settings as they involve tasks requiring active, constructive, and intentional

cooperation. As a result, the demands of the non-school world (everyday life,



business, hobbies) could be met by training competent problem solvers in schools
(Jonassen, Howland, Moore, & Marra, 2003).

According to Jonassen (2010), problem-solving activities are the most authentic and
relevant learning activities for students. Knowledge built up in these activities is
better understood, maintained, and more flexible, since the construction of meaning
here requires the learner’s intention to understand the context. In addition, the
information that is used for tasks that are not authentic can easily be forgotten, which
reduces the effectiveness of the information and learning. Therefore, such
inauthentic tasks are time consuming for the learner. On the other hand, problem-
solving in authentic contexts make the most effective use of the time available. The
primary objective in an educational context (formal or informal) should therefore be
to engage and encourage learning to solve authentic problems. With this general
goal, the schools from kindergarten through graduate levels have a mission to serve
content to the students with an explicit purpose of solving problems, which makes
the content more meaningful for them (Jonassen, 2004).

Problem-solving, identified as one of the important 21 century skills (Blanchard,
Freiman, & Lirrete-pitre, 2010; Alimisis, 2013; Ma & Williams, 2013; Eguchi, 2016;
Theodoropoulos, Antoniou, & Lepouras, 2017; Kamga, Romero, Komis, & Mirsili,
2017; Jaleniauskiené & Juceviciené, 2018), is expected to be mastered by today’s
learners — future citizens — to succeed in a rapidly changing world (Delisle, 1997).
They must be supported with educational settings that will enhance problem-solving
skills outside the classroom in order for them to be equipped for successful life in
modern times. For their problem-solving, in turn, to be effective in real-world
situations, it is critical that problem-solving activities in the classroom be linked to

real-world contexts (Castledine & Chalmers, 2011).

However, problems in the learning environments and in the real world tend to be
different, as do the strategies and methods to solve them. The most general
conceptualization of the difference between the problems is a classification created

according to their structures. The problems encountered in formal educational



contexts are commonly well-structured problems. Briefly, the representation of these
problems includes all the information necessary for the problem solver to solve them.
Beyond this, solving such problems requires only a limited number of rules and
principles that are applied according to previously known ways. As a result, a
convergent, standard answer will be reached at the end of the problem-solving
process. On the other hand, the ill-structured problems of everyday life involve one
or more unknown problem elements in various content domains. These naturally
interdisciplinary problems have conflicting goals and multiple solution methods and
paths. These uncertainties require learners to make judgments and express opinions
on the problem itself (Jonassen, 2010). As they are different in nature, the processes
in both types of problem-solving are not the same, therefore the methods employed
to teach students to solve well-structured problems cannot be effectively applied to
ill-structured problems. They must be experienced in practice using specific

knowledge and skills (Jonassen, 2004).

Even if the frequently encountered challenges in everyday life are ill-structured
problems, as opposed to their well-structured counterparts, such problems still need
to be a part of the educational repertoire to prepare students for future life (Daniels,
Carbone, Hauer, & Moore, 2007). For instructional use, the ill-structured problem-
solving process typically includes (1) problem representation, (2) solution
generation, (3) making justifications, and (4) monitoring and evaluation steps (Xun
& Land, 2004). In a more detailed model (Jonassen, 1997), the process begins with
the construction of the problem space. The problem solver must settle on the
existence of the problem statement since it may not be explicit in the context. Once
it exists, this problem space can be improved with the possible causes and contextual
constraints of the problem. Then, this problem space is expanded to locate the
alternative viewpoints and opinions to find the most relevant and useful problem
scheme. An iterative argumentation and reasoning mechanism to support the
selection of a particular cause and solution will be there since it is very possible to
have widely different and alternative solutions. In order to determine the feasibility

of these potential solutions, the problem-solver needs to decide whether to proceed



with the implementation of the solution. After the solution has been applied, it is
necessary to monitor the solution in order to adapt it to other problems or to decide

on a solution adjustment.

Problem-based learning (PBL) environments have become more and more popular
in educational settings since they provide particularly appropriate programs for
solving ill-structured problems. According to Tan (2003), an ill-structured problem,
which typically originates from the real world or is in some way highly authentic,
constitutes the starting point of learning in PBL approaches. The teacher using PBL
should form this trigger problem as one that is developmentally appropriate for the
students, grounded in their experience, curriculum-based, and able to accommodate
a variety of teaching and learning strategies (Delisle, 1997). The student should then
be highly responsible for the learning, undertaken within a collaborative or
cooperative pedagogical framework which includes elements of group work. The
interdisciplinarity of the problem is important in this collaborative environment as
the problem comes from the real world and it directs learning (Ryberg, 2019). These
instructional features of PBL offer an environment where social interactions are
crucial for the co-construction of artifacts and knowledge building among students.
With this major focus on social learning, PBL is a groundbreaking pedagogy to
identify and integrate social elements of learning processes. Therefore, PBL will
continue to evolve to achieve the goal of training capable problem solvers for the
benefit of society (Hung, Moallem, & Dabbagh, 2019).

The designers of ill-structured problem-solving activities need to focus on three key
integrated components of these constructivist learning environments. One of these
components, the context of the problem, refers to the description of all contextual
factors surrounding the problem. These factors include the physical, socio-cultural,
and organizational climate, the time and location of the phenomena, and the
resources as well as key players such as stakeholders or performers in the problem.
In addition, the representation of the problem refers to stories or scenarios of the
problem, which must be interesting, attractive, and engaging to the problem solver.
Among them, authentic representations support the performance of specific real-



world tasks by providing replication of the context structure. These representations
give the problem solver a chance to engage in a relevant and meaningful challenge.
Problem manipulation space is a critical feature of meaningful learning here since
the learner needs to be active to manipulate something (construct a product,
manipulate parameters, and make decisions) and affect the environment during the
problem-solving process. These manipulation spaces allow students to test their
decisions on the solution by giving feedback in their actions. They must therefore be

sensitive, realistic, and informative in nature (Jonassen, 2013).

In this way, educational robots were considered the most suitable tool in the current
study for manipulating the problem-solving activities. According to Oddie,
Hazlewood, Blakeway and Whitfield (2010), problem-solving with educational
robots allows the students to learn, collaborate, and explore in a constructivist
environment. Specifically, it motivates students to exceed the tasks set for the course
because they wanted to formulate difficulties to explore the solution. During this
exploration, visual and tangible outputs of their solutions are usually influenced by
real-world factors since these tools give them immediate feedback and help them
take control of learning, rather than looking for solutions from the instructors. Catlin
(2017) argues that educational robots provide “excellent opportunities to engage
students in problem solving tasks” (p.144). These tools can be used in learning
environments to experience different complex issues, from small-scale challenges to
projects. Designing better problem-solving activities will therefore help students
learn more and faster, gain deeper understandings, remember longer, and enjoy their

learning experience (p.146).

Komis, Romero and Misirli (2017) have introduced a taxonomy of learner
involvement in the process of knowledge building through educational robotic
activities. In this taxonomy, different types of activities are organized into five levels:
(1) passive exposure to robotics (without manipulation), (2) discussion or debate on
robotics (without manipulation), (3) individual or collaborative step-by-step robotics
(procedural), (4) engineering-oriented robotics (individual or collaborative), and (5)
co-creative project-oriented robotics in order to solve a realistic challenge. The first



two levels do not refer to creative problem-solving processes as they introduce the
use of tools (ERs) without manipulating them. However, they are also crucial pre-
steps in terms of the critical and epistemological questionings about these tools that
take place prior to other activities. Procedural ER activities allow students to follow
step-by-step instructions that teachers or tutorials prescribe for themselves. Students
should closely follow the stages of construction, programming, and implementation
in order to achieve a predefined result that does not allow for a change during the
solution process. Students face a certain level of problem-solving challenge that
makes the co-creative resolution process entertaining during engineering-oriented
activities. However, the context of the activity is very close to a standard procedural
activity. On the other hand, students are encouraged to solve realistic problems in
co-creative project-oriented activities. Developing creative solutions to real
problems is expected in connection with the design and programming of the robots
in this level. In addition, an appropriate teaching plan should incorporate the other
levels in order to develop pre-requisite programming competencies prior to this level
of activity.

1.2 Problem Statement

For a while now, the use of robots in education has been recognized as a subject. The
need to move them into school environments has been indicated by the
extracurricular applications of these tools. This transport may be made as a separate
subject as well as the use of them as supporting elements to the packed curriculum.
In both cases, the aim of the integration is to contribute to the understandings of the
learners in a number of ways. Additionally, this integration can also be made to cover
several fields of education. Thus, learning practice becomes an interdisciplinary
structure so that learning is not limited to the content of a lecture. Conducting a study
addressing design issues of activities with the integration of the robots into the
curriculum in an interdisciplinary manner, as is the focus of the current study,

therefore can be crucial for the investigation.



Furthermore, it is necessary to establish the application of unique learning methods
to link the use of robots to the general curriculum. For an effective link, the
methodology could be constructivist problem-solving approaches enriched with
educational robots. Ill-structured problem-solving can provide this link with a
collaborative and meaningful learning experience for students in the PBL
environment. This meaningful learning experience can be used to develop guidelines
for the implementation of activities. Therefore, the design issues of such a learning
environment should be carefully studied in order to maximize the learning benefits
of students. However, guidelines for such activities were the scope of a limited
number of studies in the literature. There is therefore a need to conduct research on
design issues for collaborative problem-solving activities with educational robots in
order to make a contribution to the future instructional design theory.

1.3 Purpose of the Study

The purpose of the study is to explore issues in designing collaborative problem-
solving activities involving educational robots to solve ill-structured problems
developed according to the content of middle school Information Technologies and
Software (ITS) and Science Courses. Specifically, the development of ill-structured
problem-solving activities and middle school students’ problem-solving processes in
these activities will be examined in detail. In the first place, the development process
of these activities will be elaborated on as a guide for their final design. The opinions
of students and instructors, based on their experiences in the process of implementing
the activities, will be determined in order to unveil the enablers, challenges, and
characteristics of the problem-solving activities. Finally, a guideline for activities
will be established to assist practitioners and instructional designers with similar
activities in the future. In this regard, the current study aims to shed light on the
effective and efficient use of problem-solving activities with educational robots in
middle schools, to contribute to the corresponding literature, and to offer suggestions
on the use of these activities.
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14 Research Questions

In conjunction with the purpose of the study, the main question addressed during the
research is: "How should problem-solving activities for middle school students be
designed to solve ill-structured problems in science using educational robots?"

The sub-questions of the research are:

1) What are the enablers and challenges of problem-solving activities
designed for middle school students to solve ill-structured problems in science using

educational robots?

2) What are the characteristics of problem-solving activities designed for
middle school students to solve ill-structured problems in science using educational

robots?

3) What are the guidelines of problem-solving activities designed for middle

school students to solve ill-structured problems in science using educational robots?

1.5  Significance of the Study

The proposed problem-solving activities were expected to serve as a meaningful
learning experience for middle school students. In detail, each activity began with an
uncertainty (ill-structured problem) as a starting point for the PBL environment. The
students then followed a problem-solving process, composed in consultation with
the corresponding literature, in order to find a solution at the end of the activity. All
students, simply, were expected to experience an ill-structured problem-solving
process. The related literature has indicated that the learning environment in schools
rarely encompasses ill-structured problems that are authentic and close to real life in
nature. Accordingly, the students’ experience in these activities is therefore crucial
to contribute to the literature aimed at addressing ill-structured problems in

education.
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The literature on problem-solving with educational robots has shown that they are
commonly used in extracurricular programs as a part of non-formal educational
settings. There are however, several unique difficulties in these environments, such
as problems with the training of teaching staff, high costs of participation, and
limited number of admissions. On the other hand, the contributions of these programs
include promising outcomes for students such as skill development, a high level of
motivation, and an improvement in academic achievement. These hopeful outcomes
make such attempts inevitable for school curricular integration. However, the reality
of differences between learning environments speaks to the need to examine
implementations in the school environment separately. This research, which aims to
design problem-solving activities through the use of educational robots with a
combination of two course content (ITS and Science) in middle schools, may guide
instructional designers and practitioners who wants to use such activities in school

environments.

The students’ ill-structured problem-solving process was the main focus of the
proposed activities in the current study. In detail, the framework and related literature
have been carefully investigated in the development process of these activities. In
addition, field experts’ and practitioners’ opinions have been consulted on an
ongoing basis to properly design constructivist problem-solving environments
enriched with educational robots. The design and development process of the
activities was reflected in the findings part of the report. In addition, these findings
were elaborated in the discussion part of the study to provide insights to instructional

designers who will develop similar activities.

The first two sub-research questions of the current study were addressing the
enablers, challenges, and characteristics of the activities in which middle school
students solve the ill-structured problems in science through the use of educational
robots. The data collected from students and teachers who participated in the
implementation process of these activities constituted the findings that addressed
these two questions. As in the constructivist approach, these findings have been
delivered from the experience of the activity participants. These findings may

12



therefore shed light on future research that investigates the implementation process
of similar problem-solving activities. In addition, some of the findings were
specifically related to the tools (robots) used in the current study, and are therefore
expected to be useful for producers of tools intended for educational use.

Several guidelines for the implementation of these tools in educational settings have
been found in the literature. However, most of them were based on reviews of related
literature or interventions in extracurricular programs. Furthermore, a limited
number of existing guidelines fit for the integration of these tools into activities in
which students work on ill-structured problems. As a result, specific guidelines for
implementing activities in which middle school students solve ill-structured science
problems with educational robots were addressed with a sub-research question in this
study. These guidelines could contribute to the development of an instructional
design theory for interdisciplinary collaborative problem-solving activities in which

middle school students solve ill-structured science problems with educational robots.

1.6 Limitations

There were some limitations in the current study. In the first place, the participants
in the research were different in the development of the activities and the
implementation phases. At the beginning of the development process, three
instructors were interviewed for analysis of the current status as a decision-making
mean for problem-solving activities. Then, four science teachers who had already
experienced educational robots were interviewed for their suggestions on activities.
The draft version of the activities was prepared at the meeting of the focus group
which includes the researcher himself, expert, and teachers (four participants in
total). Finally, the activity scenarios were evaluated by four experts in the field of

science and instructional technology to take the final form of the activities.

During the implementation process, a total of 75 middle school students participated

in the activities. In the first cycle of the implementation, 24 fifth grade students from
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a public school participated in the study. For the second cycle, participants were 51
sixth grade students from a public vocational school. Additionally, the teacher of
these classes during these implementations was an important data source for the
current study. Therefore, the findings of the study were limited to the opinions and
experiences of these participants, which differed in the process of development and

implementation of the problem-solving activities.

Another potential limitation was regarding data collection techniques, since none of
them was a direct method of measurement in the current study. In detail, several tools
have been used to collect data from the participants in the current study. The majority
of the data sources were gathered from meetings with the participants. These
meetings were conducted as semi-structured interviews and the questions asked to
the participants were based on the corresponding literature. The findings of the
current study were therefore limited to the answers to these interview questions. In
addition, these findings were limited to data collection tools such as text-supported
drawings, a student reflection paper, group activity sheets, and two pre-and post-tests
on the related subject of the activities, all of which were used as supporting data

Sources.

A further limitation of the study was the use of observations as supporting data for
the implementation of the activities. The observation form was developed prior to
the implementation process, but as the researcher was very active, it was not possible
to fill out the form during the activities. Therefore, the observation forms were not
used effectively. Instead, only the observation data remembered were used as

supporting data, which was one of the limitations of the current study.

1.7 Delimitations

The problem-solving activities in the current study have been developed in line with
the content of the ITS and the Science Courses. The objectives for both courses were

chosen at the 5" grade level. Subjects were associated with a problem-solving and
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programming unit for the ITS Course and related to physical events, creatures, and

life units in the Science Course.

The activities were carried out at the Giiltepe Middle School, which was the actual
context of the first cycle activities, which took place in the 2017-2018 spring
semester. The school selected for the second cycle was Cahit Zarifoglu Imam Hatip
Secondary School in the 2018-2019 fall semester. The results of the current study
therefore were limited by both the contexts of these schools and the selected subjects

for problem-solving activities.

1.8 Definitions of Terms

Ill-structured Problem: Ill-structured problems are types of problems that most
frequently occur in daily and professional practice. These issues are not necessarily
consistent with the content domains being studied, so their solutions are neither
predictable nor convergent. These interdisciplinary problems cannot be solved by

applying concepts and principles from a single domain (Jonassen, 2004).

Educational Robotics: Educational robots are tools which help to enhance the
learning experience of students “through hands-on mind-on learning”. Most
importantly, educational robotics provide a fun and exciting environment for
learning because of its practical nature and technological integration (Eguchi, 2017,
p.3). More broadly, educational robotics is “a field of study that aims to improve
learning experience of people through the creation and implementation of activities,
technologies and artifacts, where robots play an active role” (Angel-Fernandez &
Vincze, 2018).

Robot Kit: A robot kit contains the elements necessary for the complete construction
of an operating robot: components needed for building a robot body; sensors (small
electronic devices for detecting and measuring things in an environment like light,

electricity and temperature); motors to power the robot; gears and other mechanical
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components; and a small processor. This definition has been developed by Gura

(2011) for a brand custom robot kit, but it can be generalized to others.

Stationery Materials: The supporting materials provided to students to design their

robots or products during the activities are usually referred to as stationery materials.
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CHAPTER 2

LITERATURE REVIEW

This chapter attempts to provide a theoretical background to the research questions
set out in the previous section and a review of related studies on these questions in
the literature. In detail, the problem-solving perspective of the proposed activities
was clarified in the first part of the chapter. The learning environments that permit
problem-solving and the use of educational robots were then elaborated with related
studies. Additionally, the theoretical framework of the study was established prior to

the summary part at the end of the chapter.

2.1 Problem Solving

Duncker's (1945) description among the early ones as “A problem arises when a
living creature has a goal but does not know how this goal is to be reached. Whenever
one cannot go from the given situation to the desired situation simply by action, then
there has to be recourse to thinking (By action we here understand the performance
of obvious operations). Such thinking has the task of devising some action which
may mediate between the existing and the desired situations” indicates importance
cognitive process, thinking, for the problem solvers (p.1). According to this
definition, the goal of the problem solver and its distance from the current situation
refer not only to operations but also to recourse of thinking. This means in the
opposite way; if the problem solver knows operations to reach the desired situation
and automatically activates the performance, then the problem does not exist in that
situation. When it exists, “the problem-solving can be learned only by solving
problems” (Engel, 1998, p.1). In detail, this learning begins by observing and
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imitating others when they are solving problems, and then by acting in performance

because it is a practical skill, like swimming (Polya, 1957).

As the importance and belief that problem-solving skills could be learned began to
increase, a number of problem-solving models emerged from studies that explain the
process of the problem-solving, such as Polya (1957), Simon and Newell (1971),
Bransford and Stein (1993). These models are mostly detailed problem-solving
processes in three main steps, including (a) representing problems, (b) searching for
solutions, and (c) implementing the solution (Shin, Jonassen, & McGee, 2003). This
general problem-solving model fits in with the solution of well-structured problems,
in which all the information needed to solve it (goal state, the operations to reach it,
etc.) is provided in a problem statement (Goel, 1992; Robertson, 2001). Simon
(1973) has preferred to give a list of criteria that a problem statement needs to satisfy

in order to be well-structured:

1. Existence of definite criteria for testing solution proposals and a

mechanizable process for applying criteria to test the proposals.

2. Presence of at least one problem space containing the initial problem state,

goal state, and others needed to solve the problem.

3. All transitions from one to another (as attainable or considerable state

changes) can be presented in the problem space.

4. Knowledge of the problem solver about the problem itself can be

representative in the problem spaces.

5. If the problem statement directs the problem solver to act in the external
world, it means that the definition of the state will change, but the effects of
the operations and applications in that state should reflect the complete

accuracy of laws of nature that govern that world.

All these features hold one another; the fundamental processes in problem-solving
require feasible amounts of computation, and the needed information is effectively

available without massive effort.
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Although ill-structured problems are thought to be the opposite of well-structured
problems with the lack of the features above (Tomiyama, 2006), there is no real
boundary between well-structured and ill-structured problems (Simon, 1973). Even
between these two problem forms, the problem types have been represented on a
continuum by Jonassen (2010) to distinguish needs of learning environments for

each problem type. The typology is presented in Figure 2-1.
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Figure 2-1 Typology of Problems in Structuredness Continuum (modified from
Jonassen, 2010).

The need for this typology was expressed by Jonassen (2004) as general problem
models tend to act toward all the problems the same, but in fact they were different,
and the resolution procedures are not generalizable. For instance, well-structured
problems such as logical and algorithmic problems have correct and convergent
answers and a predictable and prescribed solution path with a limited number of rules
and principles. On the other hand, design and dilemmas of ill-structured problems
have vaguely defined or unclear goals and constraints. They have a lot of alternative
solutions or no solutions, as in the case of dilemmas. In addition, they are more
difficult to solve, and the problem solver can follow multiple pathways in the

solution process (Jonassen, 2010).

For learning environments, Sockalingam (2015) classified the structural elements of
aproblem as (1) content, (2) context, (3) task, and (4) presentation. According to this
classification, the content of the problem involves the real focus of the problem, and
it reflects the intended learning objectives. The context refers to the background
settings of the problem, or a scenario containing the actual problem statement. The

expected output of problem resolutions indicates the task element, which determines
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what learners are required to do. The presentation refers to the form of the problem
and specifies the style of learner to deal with the problem. By considering all these
elements, the design of a problem in a learning environment involves five steps

which are not necessarily linear and can be iterative:
1. Studying learning needs of students
2. Specifying content
3. Selecting context
4. Setting up expectations or tasks

5. Synthesizing the problem

2.2 Problem Solving Learning Environments

The learning settings that encompass problem-solving activities and instructional
approaches that use problems for driving and enhancing students’ learning refer
mostly to problem-based learning (PBL) environments. These settings have evolved
into several variations with the degrees of problem structuredness. Among them, the
pure PBL model differs from others in that it directs instruction including absolutely
no lectures for the sharing of knowledge from instructor to learner with a need to
solve authentic and ill-structured problems. Hybrid PBL, on the other hand, provides
a limited amount of lectures as supplemental instruction. The dominant instructional
method and student learning format in this form are still high levels of self-directed
learning, problem-solving initiation, and authentic, ill-structured problem-solving
(Hung, 2015).

An architecture consisting of the combination of cases in any problem-solving
learning environments, including PBLs, was defined by Jonassen (2010). In one of
these cases, the worked examples purposes of enabling the learner to induce and
create schemas for ideas. Although these examples are essential for instruction and

the most common method for supporting schema construction in problem-solving,
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they are useful for well-structured problems. In contrast, the case studies should be
utilized to support problem schema construction for more complex and less
structured problems since the students need to analyze the situation and processes,
and evaluate the methods and solution by the guiding problems. When the students
examine similar problems (analogies) in the process of problem-solving, they
develop a more detailed intellectual understanding of the issues. Another analogy to
support problem-solving, prior experience, is directly used by the problem solver
without attempting to construct a schema. Searching the nearest case in an organized
library of annotated problem cases and re-use refers to the solver's prior experience.
If the solving problem itself is dangerous at the moment and experience of it is not
available, the simulations should be utilized, and the feedback provided should be
enough to confirm or reject the learner’s understandings. Additionally, an alternative
perspective required that cognitive flexibility was absolutely necessary for solving

more ill-structured problems to construct the problem's personal meaning.

By working with an unknown problem, the students need to get information, look
for cues, analyze, and synthesize the available data, develop a hypothesis, and apply
strong deductive reasoning to the problem in a PBL (Barrows & Tamblyn, 1980).
With problem-based learning, the students’ works start with an ill-structured problem
that contains a challenge that explicitly links an important issue in the students’ daily
lives. This link brings a vital motivational feature as the students engage in the
problem-solving (Delisle, 1997). According to Tan (2003), the process of problem-
solving in a PBL environment follows (1) meeting the problem, (2) problem analysis
and learning issues, (3) discovery and reporting, (4) solution presentation and
reflection, and (5) overview, integration, and evaluation steps. Additionally, these
steps are expanded for the collaborative ill-structured problem-solving process in a

PBL supported with technology (Song, 2005):
1. Review the problem scenario,
2. Defining the problem,

3. Investigating the problem with resources,
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4. Proposing group solutions,
5. Presentation of the solution

Significant developments in pedagogical methods have made the learning
background accessible, particularly since the emergence of personal computing
technology, encouraging the use of problem-based methods that situate the learner
in the real-world and among practical challenges (Spector, Lockee, Smaldino, &
Herring, 2013). Technology-enhanced learning environments when it covers an
attempt to solve a problem and the technology play a role in the solution gives us
some idea how computational thinking (CT) is used in any subject area since it
involves critical capabilities and patterns to enable the individuals to solve problems

more clearly and logically (Beecher, 2017; Krauss & Prottsman, 2016).

2.3  Computational Thinking (CT) as Problem-Solving Process

The use of Computational Thinking (CT) as a term in education traces back to the
work of Seymour Papert in 1980 (Angeli et al., 2016). However, its popularity has
seen a considerable increase after being defined by Wing in (2006), according to
whom, “computational thinking involves solving problems, designing systems,
understanding human behaviors, by drawing on the concepts fundamental to
computer science” (p.33). In this first definition, the essence of CT is seen as
“thinking like a computer scientist when confronted with a problem” (Grover & Pea,
2013). However, new attempts for the definition as “thought processes involved in
formulating problems so their solutions can be represented as computational steps”
(Aho, 2012, p.832) and as “the conceptual foundation required to solve problems
effectively and efficiently (i.e., algorithmically, with or without the assistance of
computers) with solutions that are reusable in different contexts” (Shute, Sun, &
Asbell-Clarke, 2017, p.1) highlighted it as a fundamental skill for everybody. The
common point of these attempts is their focus on the skills, habits, and dispositions

of individuals to solve complex problems (Voogt, Fisser, Good, Mishra, & Yadav,

22



2015). Additionally, Kalelioglu, Giilbahar and Kukul (2016) proposed a framework
for the combination of both scope of CT and the problem-solving process. This

framework is given in Table 2.1.

Table 2.1 Computational Thinking as a Problem-Solving Process

Gathering, Assessing
. . Generate, ’
Identify the representing Implement  solutions and
. select and plan - .
Problem and analyzing . solutions continue for
solutions .
data improvement
Abstraction Data collection Mathematical Automation Testing
Decomposition Data analysis reasoning Modeling and Debugging
Pattern Building simulations Generalization
Recognition algorithm and
Conceptualizing procedures
Data Parallelization

Representation

(Kalelioglu et al., 2016, p.593).

According to Kalelioglu et al. (2016), the problem-solving process starts with the
identification of the problem through abstraction and decomposition. In the next step,
several data collection procedures, data analysis, pattern recognition, conceptualism,
and data representation should be employed to gather, represent, and analyze the
data. In generating, selecting, and planning solutions, mathematical reasoning,
building algorithms, and parallelization procedures should be utilized to get more
correct solutions. Automation, modeling, and simulation will be in action in the
implementation of the solution process. Lastly, to assess the accuracy of solutions,
testing and debugging can be taken into consideration. Additionally, the solution
should be applied to different types of problems in the final step of the framework.

These steps are examined in detail in the following section.
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2.3.1 Identify the Problem

Abstraction

According to Wing (2008), abstraction, as the essence of CT, requires the process of
“deciding what details we need to highlight and what details we can ignore” when
working with real-world problems (p. 3718). Connell, Edwards, Hramiak, Rhoades
and Stanley (2015) claim that CT attempts to dispose of the complexity of any
situation by hiding details of it in abstraction. Similarly, it is the identification and
extraction of relevant data by omitting the irrelevant one(s) to reach the main idea(s)
(Bilbao, Garcia, Rebollar, Bravo, & Varela, 2016).

Decomposition

Catlin and Woollard (2014) defined decomposition broadly as taking complex
artifacts, systems, and processes to pieces. From a problem-solving perspective, it
can be simplified as the ability to break down complex problems into simple, smaller,
and easier parts to understand and solve them properly (National Research Council,
2010 as cited in Angeli et al., 2016). These sub-problems can be divided into smaller
pieces unless the coherence is lost (Connell et al., 2015). Decomposition enables a

better understanding of problems by dividing them into sub-problems.

2.3.2 Gathering, Representing and Analyzing Data

Data collection

Data collection is the way of reaching the information by collecting and recording it
(Bilbao et al., 2016). “The process of gathering appropriate information” (CSTA &
ISTE, 2011, p.14) is the key preliminary preparation for logically organizing and
analyzing data in a problem solving-process.
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Data Analysis

CSTA and ISTE (2011) defined this concept as “making sense of data, finding
patterns, and drawing conclusions” (p.14). According to Bilbao et al. (2016),
previously collected data can be meaningful by finding patterns on it or developing

insights.
Pattern Recognition

According to Michaelson (2015), pattern recognition is one of the CT stages, and it
means the ability to realize any similarities, differences, or trends. With this ability,
individuals look for patterns among problems, which requires taking into account the
previous problems to see the similarities or differences between them and the new
problem or patterns in the information that need to consider the data structure to find
any related organization.

Conceptualizing

Falloon (2015) defines this term as explaining, critically reflecting on data that
represents requirements, problems, actions, or the responses of others. The learner
can conceptualize the data to self (thinking aloud), with other students
(collaboration), or conceptualize with teachers in educational contexts.

Data Representation

Data Representation is “depicting and organizing data in appropriate graphs, charts,
words, or images” (CSTA & ISTE, 2011, p.14). This is important for organizing data

and to see the whole picture of the data.

2.3.3 Generate, Select and Plan Solutions

Mathematical Reasoning

Mathematical reasoning is applied after discriminating several levels of abstraction

in CT (Sengupta, Kinnebrew, Basu, Biswas, & Clark, 2013). Likewise, L’Heureux,
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Boisvert, Cohen and Sanghera (2012) define logical thinking as the ability to develop
and test hypotheses in a problem-based situation. It can be generalized as all the

reliable predictions about future steps or behaviors.
Building Algorithm and Procedures

CSTA and ISTE (2011) defined building algorithms and procedures as “series of
ordered steps taken to solve a problem or achieve some end” (p.14). This skill
encompasses both sequencing and flow of control concepts. Sequencing requires
putting the correct sequence of steps in the process of problem-solving. The flow of
control is to define a series of these steps in which actions are executed (Angeli et
al., 2016). Connell et al. (2015) claim that flowcharts are excellent tools to use the
presentation of algorithms. The symbols in any flowchart represent the flow of

control and arrows indicate the sequence in the procedure.
Parallelization

Parallelization is introduced as regulation of “resources to simultaneously carry out
tasks to reach a common goal” (CSTA & ISTE, 2011, p.15). Dividing data or a task
in more than one way to proceed simultaneously is an example process of

parallelization in problem-solving approaches (Barr, Stephenson, & Barr, 2011).

2.34 Implement Solutions

Automation

CSTA and ISTE (2011) defined automation as utilizing technological devices such
as computers to perform repetitive and complex tasks. However, using technological
devices is not mandatory for this type of skill. In this opposing view, automation of
a process, idea, or algorithm can be considered as the indicator of this skill (Selby &
Woollard, 2014). This can be generalized as the automating of solutions (\Voskoglou
& Buckley, 2012).
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Modeling and Simulations

Simulation is the representation of a process or running experiments using models.
Using this representation, students can learn if changing something in a process
makes the situation better or worse without destroying the real situation (CSTA &
ISTE, 2011).

2.3.5 Assessing Solutions and Continue for Improvement

Testing

Testing shows the solutions in action (L’Heureux et al., 2012) that can be considered
as the evaluation of the solution.

Debugging

Debugging is the skill of CT, which is described as “determining problems in order
to fix rules that are malfunctioning” (Berland & Lee, 2011, p.70). Wing (2006)
claims that debugging is the crucial element of both CT and programming. For
instance, in the programming process debugging contains three steps. The developer
needs to identify a fault location, understand the causes, and modify the codes to fix

the program when a software failure occurs (Parnin & Orso, 2011).
Generalization

Generalization is a way of solving new problems quickly by using patterns,
similarities, and connections to previous experience on solutions of problems
(Csizmadia et al., 2015). It is basically applying the same technique to a similar
problem. For instance, an algorithm that served the purpose previously solves a
couple of similar problems. Therefore, this general solution should be utilized to

solve new problems (Curzon, Dorling, Selby, & Woollard, 2014).
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2.4 Educational Robots

Although the goals of education in the past reflected the impact of society on the
needed skills such as reading, writing, and arithmetic and the core information for
everyone, many educators now agreed on the focus of education on general skills
such as problem-solving, collaboration, project management (Chaudhary, Agrawal,
Sureka, & Sureka, 2016), creativity, and innovation which will help the learners cope
with the rapid technological change to continue to invent and innovate in the future
(Eguchi, 2017). With the potential for acclimatization with this necessary change,
educational robots gave the learners the opportunity to experience the mechanical,
electrical, and computer-based production processes by developing specific areas
and skills through the design, creation, assembly, and operation of them
(Gorakhnath, 2018). Therefore, “educational robotics is a learning tool that fosters
various skills and knowledge essential for every student to take part in creating the

future innovations that society needs” (Eguchi, 2017, p.18.).

In fact, the use of robots in education is not a hot topic in the field. The potential of
these tools was already recognized by educators a long time ago, but the economic
aspect of them prevented the acceleration of their usage in education (Uggiil, 2013).
In detail, the introduction of robots in education was rooted in one of them, Turtle,
which was launched by Seymour Papert in 1969. The founder of educational robots
considered them great potential tools as transitional objects between the students and
computers. In the following years, a few educational robotic tools became available
and found their ways into learning environments (Catlin, Kandlhofer, & Holmquist,
2018) since they were very expensive, limited, and unsuitable to educational settings
(McNerney, 2004). With the decrease in costs, various forms of robots got more
affordable for personal usage from the mid-1990s, and they were increasingly
accepted as technological tools in learning environments (Keane, Chalmers,
Williams, & Boden, 2016) and became a popular learning tool for educational
settings (Assaf, 2014). The reason behind the popularity of these tools could also be

fundamental in Papert’s view of education besides economic reasons. In that view,

28



Papert (1999) explained that education with its two wings resulted from the effects
of digital technology on it. In one of these wings, the purpose of learning is to get
information from a source such as reading books, listening to a teacher, or visiting a
website. In contrast, the learning covers doing, making, and constructing things in
the education's constructional wing. The emphasis for those parts should be nearly
equal in all educational settings; however, since the absence of suitable technologies,
the constructional side of learning stays in the background of the dominant
informational side. Therefore, tools like robots enable educators to focus on the
contructional side of learning, so they started to become popular in educational
settings. Another valuable aspect of their employment in education was expressed
by Mubin, Stevens, Shahid, Mahmud and Dong (2013) who used advanced
technology on them and produced tangible representation of learning outcomes. This
outcome encourages educators in the field to investigate further practical aspects of

the utilization of robots in education.

Recently, Cheng, Sun and Chen (2018) conducted a study to investigate robots'
essential applications in education. They started this study with a literature review.
Then, it was continued with expert views and surveys with instructors to put the
robotic applications' requirements in educational settings. Some of the reviewed
applications of robots in education showed the fields of language education, social
and special education, guided learning, physical, science, and math educations.
Additionally, they found that the applications were appropriate for the six age groups
of learners, who ranged from preschool to older learners. However, the preschool
and primary school levels are found to be the greatest potential groups to implement
educational robots in the near future. By referring all these age groups, robots in any
educational setting should cover both direct teaching activities and be used for
indirect contribution to learning (counseling or classroom management) since they
could have the potential to support the learners' formal and informal learning

requirements to the researchers.

The experience in the use of robots in both formal (primary and secondary schools)

and informal education (after school activities, summer camps) was examined
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through a systematic review of 16 relevant articles by Kubilinskiene, Zilinskiene,
Dagiene and Sinkevicius (2017). The findings of this research indicated that the use
of robots in school expands its boundaries increasingly by focusing on a diverse
range of fields, from STEM to non-STEM subjects (Social sciences and humanities).
The diversity of the robotic tools and the learners' age were considerable in formal
and informal education spaces, where the learner can develop a wider range of skills.
The most suitable teaching methods in those settings were found to be problem-
based, project-based, and competition-based learning theories.

Another review study on robots in education was conducted by investigating several
kinds of research in a variety of host countries such as Japan, Korea, Australia,
Germany, the USA, and Holland. The cross-country studies indicated the domain
and subjects of the learning with the robots. According to the findings of the review,
two main categories are technical and non-technical education. In the first field, the
primary purpose of the education was to give the students the knowledge of the
robots and technology, while the robots were used as intermediate tools to impart
some part of the instruction to teach the students non-technical subjects (such as
science, mathematics, and geometry). The third one in the literature indicated the use
of robots to teach the second language, mostly as a tutor or peer. In all these domains,
the robotic applications took place in either intra-curricular or extra-curricular
activities. One of the shortcomings in the field of education with robots is that the
robotic applications in literature were mostly seen as extra-curricular in informal
education (Mubin et al., 2013b).

The aforementioned literature reviews indicated the use of educational robotics in
both non-formal and formal educational settings. Since each setting provides specific

learning experiences for the learners, the details should be examined separately.
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24.1 Use of Robots in Extracurricular and Hybrid Applications

The applications unrelated to school curriculum or some hybrid activities that
combine out-of-school activities with a part of the curriculum (Benitti & Spolaor,
2017) refers to the applications in non-formal educational settings in the literature.
These non-formal educational settings were mostly found as the afford of afterschool
programs such as national or international robotic competitions, summer camps, and

workshops for school-age children.
Robotic Competitions

Among the non-formal robotic applications, Robofest (www.robofest.net) is an

annual robotics festival with competitions designed to provide a high-quality
Science, Technology, Engineering, and Mathematics (STEM) education for K-12
students from different countries. The intended objectives of the festival were
announced as (1) to spark young students' interest in science, math, engineering, and
technology (2) to promote imaginative, creative, and innovative thinking and ideas
(3) to build a globally competitive engineering workforce of the future in reports of
the organization, which launched firstly in 1999 (Chung, 2009). The participated
students can experience various competition categories that fit multiple interests of
learners, learning styles, and methods (PBL: Problem-based Learning, SDL: Self-
Directed Learning) during the festival (Chung, 2019). According to the assessment
results and surveys conducted in this organization, the Robofest robotic experience
promoted better learning about STEM for thousands of students. Notably, the
students became more willing to have careers involving STEM fields (Chung,
Cartwright, & DeRose, 2017).

Another international competition to encourage students to pursue careers in
technological fields was the organization of the First LEGO League (FLL). In this
program, the students were given a challenge related to the science field every year,
and they work in teams to program a robot to overcome that challenge in a

competitive climate with other teams. However, the research findings in the
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organization indicated that the learning opportunities went beyond just building and
programming a robot (Oppliger, 2002). The program also provided the participants
“opportunities for learning many 21% century skills such as systems thinking,
decision making, problem-solving, teamwork, conflict resolution, flexibility,
perseverance, and self- management” (Ma & Williams, 2013). Another study's
results specifically indicated the importance of problem-solving activities during the
eight-week FLL Robotic Challenge in 2004. At the end of this research, the
researcher proposed the necessity of teaching technological problem solving into

21st-century elementary school curricula (Varnado, 2005).

Eguchi (2014a) conducted a study about another universal organization,
RoboCupJunior World Championship, which was one of the most popular
educational robotic competitions, including several countries. This case study
investigated the effects of the competition on learning experience, particularly on
learning skills, knowledge, and future career choice of only US team members. The
study results indicated that RCJ had a positive impact on students’ interest in STEM
subjects, computational thinking skills, engineering thinking skills, and their future
career decisions in favor of STEM fields. In fact, the organization was designed for
both elementary and secondary students by offering cooperative and competitive
learning environments that introduce a common challenge for three aspects of the
program: dance, soccer, and rescue (Lima & Custodio, 2005). These aspects
maintained the same goals from one year to next from its’ begins in 2000 by
providing a scaffolded learning environment with improved competition rules. This
was one of the features of the organization that sets it apart from other competitions.
The utilized technologies in the recent year of the organization in terms of both low
cost in expense and simplicity of usage indicated that they allow participated students
to reach more complicated and diversified tasks in their projects by advancing
technological awareness and capabilities (Eguchi, 2016).

In addition to these international organizations, national initiatives were also seen as
an attempt to introduce the students to advanced technologies. One of those,
Teknofest, was started in 2017 as an effort for a technology producing society in
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Turkey (Teknofest, 2018 as cited in Unsal, 2019; Birol & Aydin, 2019). This first
program and follow-ups in recent years were supported by several stakeholders from
the Ministry of Industry to private foundations and organized as lots of competitions,
exhibitions, and workshops. In the section of the organization devoted to the
robotics, the teams of the participants (K-12 students) struggled to design and code
the best entry in robotic competitions conducted in such themes as line follower,
humanoid robots, industrial robot arm, moving robots, design and implementation,
egg gathering, and archery categories (Teknofest, 2019). In fact, these categories and
the rules of the competition were defined by the Ministry of Education on the basis
of the national robot competitions held in previous years. The teams, composed a
supervisor and two students, can apply to robotic competitions, which were first held
in 2007 and continued as part of Teknofest since 2019. The aforementioned category
of the competitions was carried out with pre-determined tasks and special rules. For
instance, the teams should complete placing a certain array of objects in a certain
order on a platform with a robotic arm working with three axes in total. As this
robotic arm category, all of them were evaluated by the referees and coaches during
the organization (MEB, n.d.). The reports of the Ministry of Education indicated the
goals of such completions in the strategic plan as (MEB, 2016):

¢ Increasing the quality of vocational and technical education in the country,

e Educating the students at secondary and higher vocational and technical
education levels as individuals who use their knowledge and skills, think

entrepreneurially, scientifically, and have an awareness of competitiveness,

e Preparing an environment for the students to share their knowledge and

experience,

e Raising the awareness about vocational and technical education in the

society,

e Promotion and exhibition of studies in the field of industrial automation

technologies and robot technologies.
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Moreover, the number of participants for the competitions were also given in the
reports. According to one of them, a total of 6000 participants participated in the
competition in 2019 (MEB, 2020b). According to information on the website, this
increased to 8583 with a total of 4063 teams next year. The frequency of the
participated teams among the competition categories was quite high for mini-sumo
(752) and fast line follower (743) and very low for themed (76) and free project (93)
(MEB, 2020a). However, the page and other reports about the organization did not
provide extra information about the results of these competitions other than the name
of the winning team. Unfortunately, there have been no such academic journals
published on the program's educational details yet. Like these competitions, others
motivated the researchers to focus on several research topics, and the need for this
direction should not be underestimated. However, it can be quite difficult for the
students in those learning environments to collaborate and learn from others
effectively during the competition itself (Sheh, Eguchi, Komsuoglu, & Jacoff, 2017).
Therefore, other research was also conducted on the other non-formal learning

environments.
Robotic Camps

Robotic camps were seen as one of the popular application contexts for both
extracellular robotic activities and the hybrid activities enriched with school

curricula in the literature.

In one of them, a summer camp was introduced to describe a learning environment
that consists of lessons, worksheets, and hands-on activities. The camp aimed to
examine and observe the problem-solving process of elementary school students in
a detailed manner since it is important to develop a curriculum and teaching
methodology for such activities. The lessons were composed of direct instruction to
design and construct using their components such as motors, sensors, wheels, and
connectors. The students also gained knowledge on the programming of robots by
using a visual programming environment in these lessons. The worksheets were

supportive materials for both assessment of leanings in those lessons and the
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preparation of the activity problems. In hands-on activities, the students had a chance
to practice on the problems which were clearly identified with its’ constraints and
goals. The study results promisingly indicated that the camp program was effective
in imparting the desired skills (such as collaboration, programming, and robotics)
and knowledge to students (Chaudhary et al., 2016). Another research on the robotic
educational program used in a camp was conducted by Yudin et al. (2017) with
secondary school students. The program covered an introduction lecture, an
afterschool activity environment, digital fabrication equipment, and a competition
with a schedule of two weeks. According to the study results, the competition was
successfully completed among the students who mostly have no prior experience in
robot building. Even if it was a competitive environment, the students cooperated
with others and the educators in their tasks, which require the use of special
fabrication machines to build a robot in their project. Additionally, the students' high

interests in the program were one of the promising early results of this camp.

In addition to the programs that prioritize the robots, it was seen in the camps where
robots were integrated with other fields of education. In one of those, Williams, Ma,
Prejean, Ford and Lai (2007) conducted a mixed-methods study that aimed to explore
the impact of a summer robotic camp on students’ content knowledge of physics and
scientific inquiry skills. The camp took two weeks, and the participants studied two
and a half hours each day with heterogeneous groups of middle school students. The
results indicated that students' content knowledge about physics increased at the end
of the camp. However, the project failed to improve their skills in conducting
scientific inquiry. In contrast, affordances of the robotic environment in another
camp enriched with a pedagogical approach emphasizing open ended and extended
inquiry prompted the science literacy-based thinking and science process skills of
middle school students when they faced a problem-solving challenge. In fact, the
activity in this study required only minimal building for solving a robotic challenge
because of the time constraints, which continued approximately 100 hours in a 3
week period. The participants’ utilization of thinking skills and science process skills

was analyzed both based on observations and empirically in this period of time. The
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three design aspects of the learning environment of the camp were emphasized by
the researchers as (1) the tool-rich nature, (2) the immediate feedback of the system,
and (3) open-ended and extended inquiry. According to these aspects, the learning
environment in such camps requires tool use from the participants. Sensors on robots,
the software program, and measurement are some of these tools utilized in
developing solutions to the problems. The immediate feedback refers to two types of
feedback in the system. One of them, the software, indicates the programming errors
to the user before being uploaded to the robots. In the other one, the learner can see
the program'’s results immediately after the program's upload process for the solution
of the problem. In fact, the problem in the camp was enabled by the pedagogical
approach with an open-ended and extended inquiry, which allows students to decide
how to solve the problem and follow that decision in their solution (F. R. Sullivan,
2008).

Other fields of integration of robotics in education were seen as STEM fields. Four
faculty members from Youth Development, Biosystems, Engineering, and Education
had collaborated to develop an innovative robotics program for informal learning
settings of middle school students. This afterschool program aimed to provide
students both hands-on and self-directed learning experiences for personalized
comprehension of science, technology, engineering, and math (STEM) concepts
using robotics. A quasi-experimental design was selected as a methodology to
compare the data of the treatment (robotics) group consisting of 147 students versus
the control group (no robotics) involving a total of 141 participants. The study results
indicated that the use of such technologies had a positive impact on learning
computer programming, mathematics, science, and engineering/robotic (STEM)
concepts among youth learners. The motivation and attitudes toward these fields
were also affected positively during such implementation in favor of the
experimental group (Nugent, Barker, Grandgenett, & Adamchuk, 2009). Besides
these positive contributions of the camps in STEM education, Ucgiil (2012)
conducted a study to examine the robotic camps' design and development issues.

Two robotic camps, which were organized for elementary students, were
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investigated for this reason. According to results that were derived from interviews
with students and instructors, observations, field notes, and camp evaluation forms,
the ten themes that emerged included learning outcomes, group issues, coaching,
challenges, technical issues, competition, career, duration, and evaluation of the
camps’ components. According to the guideline developed for such camps in this

study:

e The content of the instruction should be designed simple to complex in

robotic camps.

e The general robotic knowledge should be presented at the beginning of the

camp with interesting activities.

e The other STEM concepts should not be given with direct instruction during

the camp. Some inquiry methods can be used instead.

o Like real-life problems, some complex problems should be utilized in camps

to encourage the students to use their knowledge to solve these problems.

e Since the most effective part of these camps is building a project, all robotic

camps should encourage such projects in their instruction.

e Camps should be designed to provide an opportunity for students to bring
their acquisition from the school.

e Group size should be arranged to give all members a chance to work at any
time of the camp. Three or four members for each group are advised with

mixed gender.

Varney, Janoudi, Aslam and Graham (2012) introduced a new program developed
from summer camp programs for in-school sessions to foster the interest of students
on STEM topics. Since this new program is an alternative to the summer camp
programs, the researchers explained the differences between the two programs. The
results of this comparison indicated that the in-school program is more flexible than

the summer program since the duration allows students to spend more time on
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individual tasks and topics. The in-school program is more narrowly structured than
the summer program, with a focus on gradually building the students’ problem-
solving skills, teamwork, and mathematical skills. This is possible because of the
extended duration of the in-school program, which allows students to spend more
time on individual tasks and topics. In the school program, learning is done through
lectures. Therefore, the activities in the program take more emphasis on STEM
topics. The last difference is about financial and motivational issues. In summer
camp, usually, the students interested in robotics and STEM topics enroll in the
camp. This camp also requires payment for the enrollment. In contrast, the school
program reaches a very diverse profile of students and expects to have a larger impact

on students than the summer program.
Workshops / Clubs

The robotic workshops, which were relatively completed in less time than robotic
camps, were also in the scope of several pieces of research in the literature. In one
of them, Ruiz-del-Solar and Avilés (2004) aimed to share students’ and teachers’
experiences concerning robotics workshops since 2000 in Chili through surveys. The
workshops was organized as extracurricular activities for the school children in K-

12 levels and the teachers based on a framework provided by Martin (2001):
e Preparation of students in a workspace dominated by technology,

e Supporting teachers in developing a technologically literate workforce and

enabling tools to them to integrate competencies into school activities,

e Developing curriculum modules of robotic education that will reinforce
current math, science, and communications standards (as cited in Ruiz-del-
Solar & Avilés, 2004).

The researchers asked the degree of satisfaction, level of competence, and students’
interest in an engineering career to the participants who have already attended these
robotics workshops. The results of three different applications of workshops lasting

two-five days indicated that 92% of the participants were satisfied with the
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workshops, 88% of them finished all the tasks in the workshops, and 86% of the
students thought that they would follow an engineering or science career in their
future life (Ruiz-del-Solar & Avilés, 2004). Similarly, an enriched after school
program with elementary and science curriculum utilized increasingly complex
programming tasks. The results of this experimental study revealed that students in
the robotics intervention group had a significantly higher academic score on science

and technology concepts than the control group (Barker and Ansorge, 2007).

Cavas et al. (2012) investigated the impact of robotics-based education on students’
science process skills, scientific creativity, and perceptions on the robot, human, and
society. Students worked collaboratively in after school club groups in which
students programmed the robots and conducted inquiry-based activities related to
socio-scientific topics. Students’ scientific creativity, science process skills,
perceptions of both robots and human-society were affected in a positive direction

according to the results of the study.

2.4.2 Integration of Robots in Schools

According to Kubilinskiene et al. (2017), the robots were most commonly utilized in
non-formal educational settings before, but the tendency of including robots in
schools and establishing the links between robotic activities and general curricula is
becoming notably important. The teaching practices of these tools may find a wide
application in educational contexts. However, more details about them in the school
context should be focused on more efficient use in different subjects and applications
to a broader range of students' ages. Therefore, the remaining part of the review
elaborated on the use of robots in schools.

2.4.2.1  Use of Robots in Curricular Applications

The students' potential improvements from the application of the robots in curricular

activities were mostly on problem-solving skills and interpersonal skills such as
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collaboration, teamwork, and communication skills. The students could also gain
experience in scientific processes with the educational usage of the robots. However,
the integration of these effective tools into their teaching activities have several
potential challenges and obstacles. For instance, inadequate access to support
(materials, technical and instructional), time (the lack of preparation time and
classroom time), and teachers’ lack of readiness (knowledge about robotics and
technology skills) are the main obstacles to the usage of these tools in schools.
Additionally, some of the teachers perceived robots as an unnecessary topic. They
thought that the curriculum outcomes would not be reached by the robots, and the
topics that can be covered via robots are very few. These barriers indicated the
difficulty of integration of the robots into the learning process, according to the
teachers’ opinions (Khanlari, 2016).

On the other hand, the students perceived that the robots’ features were very similar
to human qualities of cognition, affect, and behavior with animistic characteristics
(Beran, Ramirez-Serrano, Kuzyk, Fior & Nugent, 2011). They have positive
attitudes towards using tangible robots in the learning process. Both boys and girls
felt a robot as a friend rather than a teacher in the classroom. Therefore, they were
comfortable and happy to interact with a robot in their learning environment (Young,
Wang & Jang, 2010). Additionally, students of both genders see the educational
robots as a plaything in the learning environment and learning with robots as a source
of employment (Liu, 2010). The integration of the educational robotics in the school
curriculum may engage all students of both sexes. They can present them career
opportunities in the related fields, help them in the meaning of how things work in
everyday life, and develop problem-solving skills. The integration of these tools
seems to be beneficial for students in many aspects of the learning process. Each
aspect of this learning process should be examined and focused on preparing a
specific curriculum for the use of educational robots in education (Xenos,

Yiannoutsou, Grizioti, Kynigos and Nikitopoulou, 2017).

40



Robots in Programming Courses

The applications of robotic technology in education are mostly focused on teaching
the subjects that are closely related to the field of itself, such as robot programming
and robot construction (Mitnik, Nussbaum, & Soto, 2008, Barreto & Benitti, 2012).
According to Oddie, Hazlewood, Blakeway and Whitfield (2010), the robots are
beneficial for the teaching programming by engaging them in the core task. In that
task, they will be encouraged to use tangible parts of the robots. Therefore, these
tools offer a real-world environment for learning the abstract nature of programming,
such as concepts and vocabulary. As a result, making the programming tangible with
robotic activities made the concepts in the course clearer. In detail, when a relatively
affordable robotic kit is utilized to teach the fundamental programming skills during
a course, overall learning outcomes reached or exceeded the course expectations.
Students who learned programming languages via robotic applications will get
higher exam scores than others who were taught with the regular curriculum
(Hamrick & Hensel, 2013). Additionally, the robots provide a platform for students
to improve their weak computer programming knowledge by problem-solving and
programming techniques independent of the utilized programming language (Chetty,
2015b).

Park and Lenskiy (2014) developed a platform to improve the educational
environment of programming classes. This novel platform enables students to
experience several sensors on robots via simulation to reduce the cost of the robotic
kits. Additionally, students could access these kits remotely via the network that
allows students to program and test their algorithms from home. Therefore,
compared to other similar projects, the advantages of this system are seen as low
implementation costs and remotely operable features. The results of this study
indicated that the majority of students were satisfied with the lab experience, and
some others expressed positive feelings about programming with robots (Yousuf,
Chaveznava and Hernandez, 2006). The implementation also motivated them since
the use of robots in the introductory programming course has a positive effect on

novice programmers’ attitude towards learning (McGill, 2012, ) and engages them
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with authentic, real-world situations in which they can use their programming
abilities (Chetty, 2015a). The robotic activities also helped and motivated the
students to learn a new programming language. Students had fun with these activities
and enjoyed working in mini projects with robots in general for the introduction to a
new programming language. The mini-projects in the course improved students’
creativity, research, and problem-solving capabilities. However, a few students
thought that projects were too simple. Based on technical issues, the robot was
reliable in many aspects, but sensors on it failed a few times and needed to be
replaced with new ones, according to Huei (2014). Additionally, some technical
issues such as connectivity, battery issues, and the workload were seen as frustrating
for several students in another programming course. However, this challenging
project encouraged students to improve their problem solving and teamwork skills
and helped them to develop design skills (Schleter & Biegalski, 2015).

Science Enhanced with Educational Robots

The advancement of robotic technology, as they are capable of investigating and
interacting with the real world via components such as sensors and actuators
supported with this advance, made them available to new educational fields to aid
and foster the relevant topics (Barreto & Benitti, 2012). The nature of science offers
students the opportunity to learn with concrete activities through inquiry and hands-
on activities. In those activities, the materials would generally lead the students to
see science as more interesting and relevant to related subjects (Whittier & Robinson,
2007b). Therefore, the use of educational robots in science education has potential
in education, and the interest was the focus of many researchers in the literature.
However, some of them selected the science course only, and others added the

related fields such as technology, mathematics, art, and engineering in their research.

Whittier and Robinson (2007) designed a course for the unit of evolution in two
middle school science classes using educational robotics. The students worked
collaboratively to build evolutionary robots (Evobots) and then compare them in

terms of different aspects. They wrote reflection papers at the end of the course,
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which summarize the unit and knowledge of evolution concepts. Nearly all students
showed a significantly higher conceptual understanding of the topic of evolution.
Three science experiments with educational robots on the subjects of motion,
distance, and speed principles were in the scope of another study. A science test, a
student's questionnaire, and interviews with teachers were administrated to gather
the needed information as a data collection procedure. The study results indicated
that the educational robotic kit is an efficient technology to teach these science
subjects since it increased the students' academic achievement. Additionally, it is an
important technology in primary school environments because it contributed to the
development of the students' 21st-century skills (Job & Saeed, 2016).

Kog, Senol and Biiyiikk (2015) aimed to investigate the effects of instruction
supported by robotics on 7 grade students’ scientific process skills and motivation
towards Science and Technology lesson. The participants of the study were divided
into two groups. Whereas the control group stood on the standard curriculum
activities about the “Force and Motion” unit in Science and Technology lesson, the
experimental group also utilized educational robots for these activities. As a result,
the supported laboratory activities are more effective for the development of
students’ scientific skills and motivation towards the lesson than the traditional
activities. These findings are supported by qualitative data that experimental group
students expressed that they were very satisfied and fully internalized with the

activities supported via robotics.

Additionally, the increase of students’ interest and motivation toward both
technology and computing and engineering fields was found in several studies. In
those, the robots were used in the educational fields of Science, Technology,
Engineering, and Mathematics (STEM) fields together (Whitehead, 2010; Ucggiil,
2013). Jomento-cruz (2010) examined the effectiveness of a new curriculum
enriched with STEM concepts for educational robotic on middle school students’
achievement in math and science courses. This experimental study aimed to compare
the pre and post-test scores of learning gains within between the group taking

additional curriculum to regular science and math courses and the group, which takes
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only regular science and math. After the ends of ten weeks of instruction, a science
post-test that is the same as the pre-test was delivered to both group students. The
results of these tests' overall normalized scores indicated that there is not a significant
mean difference between the two groups of students’ science gain. However, the
experimental group’s students had significantly higher mean scores in certain GLE
(General Learning Expectations such as constructing, using, and interpreting
appropriate graphical representations to collect, record, and report data) and
scientific inquiry skills.

In a robotic-enhanced learning environment for specific content under the paradigm
of STEAM (Science, Technology, Engineering, Art, and Mathematics) education,
the students were encouraged to design a fundraising campaign supported by a
robotic coin bank that perceives the events around the system, such as coin drops. In

this design, the following requirements were put forward:

e With a consistent design of instruction, the students can experience various

subjects together.

e Between the expected results of enlarging knowledge, the students can

experience affective values such as sharing and caring.

e By the high involvement of students, they can acquire lifelong skills through

hands-on activities.

The results of the study describe several procedures for a STEAM lesson. These
steps are (1) research, (2) campaign design including image, slogan and interaction
design, (3) fundraising campaign, and (4) sharing and reflection (Jin, Chong, & Cho,
2012)

Problem-Solving with Educational Robots

Learning about science and technology and hence becoming scientifically literate
does not mean becoming functionally scientific and technologically literate in terms

of a component user or practitioner (Hodson, 1992 as cited in Slangen, Van Keulen,
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& Gravemeijer, 2011). One of the ideal instructional approaches to become
scientifically literate points at problem-solving, since the students who developed
problem-solving skills apply correct procedures and scientific decisions
appropriately when faced with a challenge (Yuliati, Parno, Hapsari, Nurhidayah, &
Halim, 2018). The technology provides the learning environments of problem-
solving two important features. The ability of progressive development of problem-
solving expertise is one of them. Additionally, the utilized technology personalizes
instruction as well as selecting appropriate problems using relevant learning
preferences (Spector & Kinshuk, 2011).

Specifically, learning with educational robotics provides the opportunity to practice
problem-solving, creativity, and team-work and offers essential skill sets for
preparation for the 21% century citizenship (Blancas, Valero, Mura, Vouloutsi, &
Verschure, 2020). In order to develop these skills, co-creative problem-solving
activities with educational robots seem to be the most appropriate to contribute to
the achievement of the learning objectives of K-12 education through a
constructivist-constructionist approach. These activities give opportunities to the
students to use and develop their own strategies to solve ill-structured problems
(Komis et al., 2017). The structure of these activities in which the educational robots
are used to solve realistic and authentic problem is given in Figure 2-2.

Komis et al. (2017) discussed a taxonomy in order to differentiate the various
problem-solving activities used with educational robots as technology enhancement
tools. This taxonomy was constituted on the basis of learners’ engagement in the
activity process. According to the researchers, the greatest opportunity for
development and maintain 21% skills was found in co-creative problem-solving
activities. However most instructors have tended to involve students in procedural
activities which would not allow them to bring an ill-structured situation into the
classroom. On the other hand, co-creative activities make it possible to choose a
realistic, ill-structured problem for the real life community. Students work to solve
these problems by using both problem-solving and computational thinking skills

such as engineering and programming. Developing solutions and new strategies
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involves construction of a shared vision and planning and coordination within the

teams in these activities.

Co-creative
Problem-Solving
with Technology

Co-creativity

Collaborative
Problem-Solving

Collaboration

Solving

Computational
Thinking

Technology
Enhanced
Problem-Solving

Creative
Computational
Thinking

Figure 2-2 Structure of Co-creative Problem-Solving Activities with Educational
Robots (modified from Komis et al., (2017))

Another study organized class activities into three phases, including (1) practices
(basic closed-ended tasks and exercises), (2) problem-solving (small-scale open-
ended tasks in which students can choose the solution method or come with different
answers), and (3) projects (open-ended challenges). The research aimed at exploring
work patterns, achievements in learning throughout the course, and the impact of the
experiences on the motivation of the students. The results indicated that most of the
students completed just the basic exercises (first phase), that others did well with the
problem-solving tasks (second phase), and that only a few participated in order to
carry out a complex project. All students, however, were highly motivated to learn
the course subjects. It was obvious that only some students were able to learn a new
subject themselves through project work, so that they also had to acquire additional

knowledge and skills prior to these problem-solving activities.
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A study looked at problem-solving strategies of the students involved in working
with robots and their interaction with real-world contexts. The results of the study
showed that robotic problem-solving activities helped students to reflect on their
choices as problem-solving strategies. The study also revealed that students were
able to link their problem-solving strategies to real-world contexts during these
activities. While these technological tools were found as highly efficient for
resolving real world problems, students’ problem-solving strategies must be
carefully scaffolded during the process so that they can relate their strategies with
robots in authentic situations. Therefore, the design of activities relating students’
problem-solving process in the classroom to real-world contexts gains a critical

importance in learning environments (Castledine & Chalmers, 2011).

Slangen, Van Keulen and Gravemeijer (2011) studied students aged 10 to 12
participating in problem-solving activities which followed an introduction
containing interactive discourses about robotic and practice on programming robots.
In the problem-solving task, the students designed, built, and programmed a robot to
reach a goal. According to the results, using such technologies helped students
develop functional technological literacy by understanding a robot's functions, parts,
controls, and operation principles of controls and sense-reason-act loop. They also
concluded that learning processes in such an environment should be supported
scaffolding by a teacher. This scaffolding should contain asking questions, steering
the attention, giving directions, dealing with giving up, giving information if
necessary, and helping to solve difficult problems since these interactions helped
students to empower their understandings from their experiences. As in another
study, flowchart technique can also be used for scaffolding in a constructionist-
learning environment in which mixed grades (seven, eight, and nine) students work
together in small collaborative groups. According to the study results, students’
knowledge and problem-solving skills can be enhanced and supported when the
context is constructed with this type of robotic technology, especially scaffolding,
which is provided via flowchart techniques. Flowcharting also seems like an

effective method for the organization of the ideas by the learners. Groups' efforts to
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utilize this technique while dealing with a problem indicate a significant increase in
critical thinking (Carbonaro, Rex & Chambers, 2004).

In Highfield's (2010) study, a limited scaffolding of the teacher was provided for the
extended problem-solving tasks, while more was available for structural and
exploratory tasks. The students were required to complete all of these tasks in their
weekly activities. The observations indicated that the structured and exploratory
tasks together allowed students to develop programming skills. Additionally, the
extended one provided them experience to attend to multiple focuses simultaneously.
In another study, two different groups of students were assigned to solve a complex
robotics-based tasks. The teams utilized two divergent spectrums of task
achievability during the problem-solving process, although they used the same
problem-solving strategy as trial-and-error. In detail, while one team preferred the
use of experience coming from the previous classroom and implementation of
procedures that they learned before, the other team tried to construct its own strategy
to overcome obstacles faced during the problem-solving process (Blanchard et al.,
2010).

25 Theoretical Framework

251 Constructivism and Constructionism

The problem-solving activities in which students face ill-structured challenges with
educational robots were strongly linked to two learning theories, specifically

constructivism and constructionism, in the current study.

Among them, constructivism might actually date back to Greek time of Heraclitus,
but with more focused consideration in learning became available with the work of
Piaget (1896-1980) in twentieth century. He described four separate stages of
intellectual development of children (sensory-motor, pre-operational, concrete

operational and formal operations) and two main process of learning in which
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individuals dealing with new information with sensory data and use this to build new
knowledge and understandings (Pritchard & Woollard, 2010). In addition, radical
constructivism creates a new, more tangible connection between knowledge and
reality, known as viability. Consequently, an action, operation, conceptual structure
or even a theory is considered viable for as long as it is useful to carry out a task or
to achieve a goal set for oneself. Thus, it is proper to say, like the pragmatists, that
knowledge is a means within the realm of experiences, rather than not claiming that
knowledge is able to represent a world outside of us (Glasersfeld, 1998). Therefore,
constructivist learning environments assume that knowledge is built individually or
socially by learners on the basis of their interpretations of experience. This
experience that facilitates the construction of knowledge should be the heart of the
instruction to engage the learners in meaning making (Jonassen, 2013).

Papert’s constructionism is a theory of learning developed from the Piagetian
constructivism. According to Papert (1999), constructionism refers to “learning by
making” which is the underlying idea of the theory and it moves the theory beyond
the idea of “learning by doing” which is the idea of constructivism. Leaning is the
reconstruction of knowledge rather than transmission, and it is more effective when
the learner experience is a part of an activity that is the construction of a meaningful
artifact (S. Papert, 1987). In 1991, Papert explained the theory with the social

perspective of it as:

Constructionism—the N word as opposed to the V word—shares
constructivism’s connotation of learning as “building knowledge
structures” irrespective of the circumstances of the learning. It then adds
the idea that this happens especially felicitously in a context where the
learner is consciously engaged in constructing a public entity, whether it’s

a sand castle on the beach or a theory of the universe (Papert, 1991, p.1).

The use of robots in education was rooted in Seymour Papert’s constructionism
theory. The work of Papert on the programming language, Logo, and programmed

robotic, Turtle Geometry, is well-grounded in the literature of robotics and education
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under the theory of constructionism (Mubin et al., 2013b). Especially, the main
characteristic of educational robotics, the artifact that provides the opportunity to the
users for both working with and constructing their mental models by programming
them with the software, brings them into the constructionist approach (Mikropoulos
& Bellou, 2013). According to Alimisis (2013), educational robots are great tools for
students to have a constructionist learning experience since they create learning
environments in which students have a chance to engage in hands-on explorations to

construct knowledge with working on real-world problems.

The instructors can provide a better learning opportunity for students to foster
individual learning by robotic problem-solving activities since constructionism
emphasizes the use of tools, media, and context to build and share hands on artifacts.
The constructionist instructors also design an environment for collaborative learning,
where the students encounter a problem to be solved with a meaningful end product
with the guidance to reach the goals of the instruction (Rob & Rob, 2018). The
settings of such leaning environments can be designed by considering the following

frameworks:

2.5.2 Instructional Design for IlI-Structured Problems

II-structured problems are solved in an iterative and cyclical process. Therefore, the
problem solver needs to proceed differently to solve the problem than the well-

structured problem-solving steps. This process is outlined by Jonassen (1997) as:

1. Articulate Problem Space and Contextual Constraints: The problem solver
decides whether the problem really exists by looking at the problem's nature
in this step. Multiple understandings and representations can arise here as one
part of the identification of the problem space. The context of the problem is
also examined to construct this space. Additionally, the potential causes of

the problem, as well as constraints are identified here.
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Identify and Clarify Alternative Opinions, Positions, and Perspectives: The
number of problem space will be increased in this step by identifying
alternative views or perspectives about the problem. The process will
continue with the choice of the most appropriate problem space to solve the
problem. Argumentation and judgment should be done among the spaces to

find which problem schema is most relevant in this step.

Generate Possible Solutions: Since the ill-structured problems possess
multiple solutions, the problem solver identifies several solution states by
analyzing the causes and the constraints of the problem. This refers to a

creative process that includes building an own mental model of the problem.

. Assess the Viability of Alternative Solutions by Constructing Arguments and
Articulating Personal Beliefs: One of the generated solutions should be
preferred against alternative solutions in this step. The development of
personal position for the alternative solutions should be set here to support
the problem solver decision and justify the chosen solution or reject the

remaining solution alternatives.

Monitor the Problem Space and Solution Options: This step is a
metacognitive process where the problem solver reflects on what is known,
what is learned before, and the meaning of these. Additionally, the problem
solver decides on what others think about the mental model of the problem

space, which is highly emergent and dynamic.

Implement and Monitor the Solution: By the implementation of the solution,
the problem solver can consider how persuasive is the performance, which is

an acceptable solution, or the solution is satisfactory enough.

. Adapt Solution: The solution is tried out here, and the process would become
an iterative process of monitoring, adjusting, and adapting the solution based
on the feedback.
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2.5.3 Collaborative Problem Solving (CPS)

Nelson (2013) introduced an instructional guideline for problem-based learning
environments, which provides valuable collaboration between the problem solvers.
This comprehensive guideline addresses the whole collaborative learning process of
a problem-solving activity, which begins with the readiness of the group work, and
ends with closure to the learning event. This guideline should be implemented when
particular conditions, including content, learning environment, and learner
characteristics, and the instructor, are appropriate. According to the researcher, the
CPS is most appropriate with heuristic tasks, which vary considerably from one
situation to another. This makes the guideline an instructional design candidate for
an ill-structured problem-solving activity. In activities, ill-structured problem
scenarios should be well-conceived for a classroom climate to support small group
works and planned carefully to provide enough time for groups to finish their works.
Additionally, such environments assign new roles, expectations, and responsibilities
to the learners, allowing them to take ownership of their learning. In this self-directed
learning, the teacher must be comfortable to less direct the students' control and

instruction.

The guideline proposes nine process activities to support a naturally effective
problem-solving process. These activities are:

1. Build the readiness to engage in collaborative group work

2. Form the groups and then norm the group work process

3. Engage in the process of preliminary problem definition

4. Define and assign roles for each group members

5. The group engage in iterative collaborative problem-solving process
6. Finalize the solution to the problem

7. Synthesize and reflect on learning process
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8. Assess the product and process

9. Provide a closure to the learning event

2.6 Summary

The problem-solving process is a systematic structure, based on the definitions in the
literature, where individuals use methods to reach the desired state from a given
situation. After the discovery that this process can only be learned by solving
problems, the methods used here have become apparent and have been tried in a
number of learning environments. The leading learning environments where
problem-solving skills can be practiced are problem-based learning environments.
This environment starts with giving the student a generally ill-structured problem.
Finally, the student, who completes the problem solution using a variety of steps,
shares the solution with others. The learning environment can be enriched with
specific technologies, so problem-solving can serve as a means of gaining a number

of skills involving computational thinking (CT).

When these environments are enhanced by the use of educational robots, we find
that both extra-curricular and curricular activities are evident in the literature. The
additional result is that the majority of such studies consist of extracurricular or
hybrid activities in competitions, camps, workshops, and clubs, and that most of
these studies emphasize the need for curricular activities in education. This is the
underlying factor of the activities to be generated in the current study primarily for

school settings and highly dependent on the curriculum.

In addition, it is seen that robotic activities are integrated into the school
environment, mostly with programming courses and science subjects. However, it is
noteworthy that there are no guidelines for this integration when the studies are
reviewed. Therefore, a study addressing the research question of "How should
problem-solving activities for middle school students be designed by using

Educational Robotics to solve ill-structured problems in science?” will probably
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contribute to the literature. Constructivism and constructionism will be the
theoretical background for the activities to be developed to find an answer to this
research question. In addition, the activity process will be designed through an
instructional design model for ill-structured problems introduced by Jonassen (1997)

and a guideline for collaborative problem solving (CPS) process by Nelson (2013).
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CHAPTER 3

METHODOLOGY

This chapter provides an overview of the methodology used in this study by
identifying the purpose and research questions, research design, participants and
sampling techniques, data collection tools, data analysis techniques, and issues

concerning validity and reliability.

3.1  Purpose and Research Questions

The purpose of the research was to explore the design issues of collaborative
problem-solving activities involving ill-structured problems and using educational
robots by combining the content of Information Technologies and Software (ITS)
and Science Courses for middle school students. In particular, the development of
ill-structured problem-solving activities and the problem-solving process of middle
school students in these activities were examined in detail. In this regard, the current
study aimed to shed light on the effective and efficient use of robotic problem-
solving activities in middle schools, to contribute to the related literature, and to

provide suggestions on the use of such activities.

In conjunction with the purpose of the study, the main question addressed during the
research was: "How should problem-solving activities for the middle school students

be designed to solve ill-structured problems in science using Educational Robotics?"
The sub-questions of the research were:

1. What are the enablers and challenges of problem-solving activities designed
for middle school students to solve ill-structured problems in science using

educational robots?
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2. What are the characteristics of problem-solving activities designed for
middle school students to solve ill-structured problems in science using

educational robots?

3. What are the guidelines for problem-solving activities designed for middle
school students to solve ill-structured problems in science using educational

robots?

3.2 Research Design

A formative research design was employed to investigate the research questions of
the current study. As these questions required a detailed investigation of problem-
solving process of activities, this makes it a candidate for a qualitative research
approach. According to Merriam (2009), qualitative research primarily purposes to
“ achieve an understanding of how people make sense out of their lives, delineate
the process of meaning-making, and describe how people interpret what they
experience” (p.14). Qualitative research strategies therefore give meaning to life-
forming events (Berg & Lune, 2014).

According to Van Maanen (1979), qualitative research is an "umbrella term"
covering techniques for interpreting certain natural phenomena in order to make
them more meaningful to others in their natural context (p.520). Within this broad
approach, Creswell (2007) identifies several methods, each of which has different
focuses, resulting in a diversification of research questions, sample selection
procedures, data collection and analysis techniques, and ways to write them up.
Among these methods, formative research methodology has been chosen for this
study. According to Reigeluth and Frick (1999), formative research seeks to find
improvements in the instructional design theory to make it better for education. The
fundamental logic of formative research is to find the weaknesses of the applied
design theory in order to see the reflections of the faults and then try to overcome
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these faults with improvements to reach the intended theory (Reigeluth, 1989 as cited
in Reigeluth & Frick, 1999).

Formative research, according to Reigeluth and Frick (1999), traces the case study
approach defined by Yin (1984) as “an empirical inquiry that investigates a
contemporary phenomenon within its real-life context, especially when the
boundaries between phenomenon and context are not clearly evident” (Yin, 2008,
p.18) and the researcher hopes to gain an in-depth understanding of this phenomena
(Hancock & Algozzinehey, 2006). The phenomena can be classified into two types
on the basis of whether or not the investigation is being manipulated in formative
research designs. These classes are referred to designed cases and naturalistic cases,
respectively. In designed cases, the researcher instantiates the theory before the
formative evaluation of the design. On the other hand, in naturalistic cases the
researcher finds an instance that is not designed specifically with the theory itself but
has the same objectives and context as the theory itself. In addition, observation may
be carried out during or after practical application of this theory for naturalistic cases.
As a result, there are three types of formative research designs (Reigeluth & Frick,
1999):

a) Designed cases: The theory is deliberately instantiated for research usually

by the researcher.

b) In vivo naturalistic cases: The formative evaluation is performed during the
application of an instance that is not specifically designed in accordance with

the theory.

c) Post facto naturalistic cases: The formative evaluation is done after the
application of an instance that is not specifically designed in accordance with

the theory.

All these types of formative designs can be carried out to upgrade an existing theory
or develop a new one (Reigeluth & Frick, 1999). Therefore, it can be said that the

purpose of the research is also significant for formative research design studies.
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According to Reigeluth and Frick (1999), the main concern of theory (or a guideline,
or model, etc.) building studies is preferability, which means that some methods are
more appropriate for achieving the desired outcome than others. The degree of
suitability is determined by three dimensions of the values for a theory. These

dimensions are:

Effectiveness: Effectiveness is the extent or degree to which the
implementation of the theory (or guideline or method) has achieved the
objective in a given situation. This can generally be measured as a numarical

scalle or observed by the consistency of repeated trials.

Efficiancy: Efficiency is about the question of whether the resources (time,
money, effort, energy) are used in the most appropriate way to meet the need
of the instruction. A balance for the effectiveness and the cost of the design

must be properly set in order to get the required efficiency in the best way.

Appeal: This is a question of how pleasant the resulting designs are for all
people involved in the desing. For instructional designs, these people are
undoubtedly teachers, students, support people, administrators and parents.

All three of these dimensions should be reflected in the research design for design
knowledge generation (Reigeluth & Frick, 1999). The current study was therefore
intentionally aimed at developing effective, efficient and attractive collaborative
problem-solving activities with educational robots for middle school students. The
guideline generated at the end of the research is expected to be an attempt to generate

knowledge for the instructional theory developed for such activities in the future.

3.3  Participants of the Study

Participants for Preparation of Activities

The activities were designed and developed on the basis of a literature review
concerning the framework of the study and the opinion of experts or practitioners in
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the field of education. They therefore participated in the study in the preparation
phase of the activities prior to the implementation process. Demographics and the
phases in which they participated in the preparation of the activities were presented
in Table 3.1.

Table 3.1 Participants of the Preparation Process of the Activities

Professional

Participants Gender  Age Experience Field Phase
E1l Male 30 7 IT ACS
E2 Male 35 11 Science Education ACS
E3 Female 29 8 Technology and Design ACS
E4 Male 30 6 Science Education Suggestions
E5 Female 29 6 Science Education Suggestions
E6 Female 28 4 Science Education Suggestions
E7 Female 34 9 Science Education Suggestions
ES8 Male 33 8 IT Scenario Development
E9 Male 31 8 IT Scenario Development
E10 Male 35 11 Science Education Scenario Development
E1l Female 29 7 Science Education Scenario Development
E12 Female 33 12 Science Education Scenario Evaluation
E13 Male 35 6 IT Scenario Evaluation
El4 Male 36 10 Science Education Scenario Evaluation
E15 Male 32 8 IT Scenario Evaluation
E16 Male 35 6 Turkish Teaching Scenario Check
E17 Male 26 4 Turkish Philology Scenario Check

Analyis of Current Status (ACS) was a decision-making anaysis for the design and
development of the activities at the beginning of the study. This analysis was carried
out at a focus group meeting with three practitioners in the first cycle of the
implementation school. Table 3.1 provides the demographic information of the
volunteers involved in this meeting. According to these data, two participants in the

meeting were male. One of them (30 years old) had spent seven years in the field of
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IT and the other one (35 years old) in science educaton for 11 years. The last
participant was 29 years of age. She was one of the school administrators and had

eight years of professional experience in the field of technology and design.

With the information obtained from the analysis of the current status in the
implementation school, separate interviews were held with four science teachers who
had previously experienced robot kits to be used in the study. The aim of these
interviews was to gather their suggestions for activities on the basis of these
participants’ experiences. Three of the teachers who volunteered to take part in these
interviews were female. The eldest of these female science teachers was 34 years old
and had been teaching science at the school for nine years. The youngest of them
was a 28-year-old teacher with four years of teaching experience. The other female
teacher was a 29-year-old teacher who had worked in the field of science education
for six years. Besides them, the only male teacher who could be interviewed here

was a 30-year-old participant with six years of experience in the same field.

Since the activities were based on ill-structured problems, the development of these
problems was very important during the preparation of the activities. The problems
had to be created in line with the subjects of Science and ITS Courses. For this
reason, a focus group meeting was held with teachers and experts (one from IT, two
from science and the researcher himself) to create ill-structured problem scenarios.
According to the demographic information collected from the participants, one of
the teachers was male, 35 years old, and had 11 years of professional experience in
the field of science education. In addition, a science field expert who was female and
29 years old participated in the meeting. She had seven years of professional
experience in the field. The rest of the participants were male. One of them was 31
years old and had worked as an IT teacher for eight years. The final participant in
this focus group meeting was the researcher himself, who had worked for eight years

as a research assistant in the field of IT when the meeting was conducted.

The developed activity scenarios were evaluated by four experts separately. The

main purpose of this evaluation was both to reduce the large number of activities
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(seven in all) to a viable level and to determine the order of the activities during the
implementation process. The evaluation was carried out by participants with an
instrument called an Activity Scenario Evaluation Form, which contains items on the
general characteristics and the structured level of the problem scenarios. According
to the demographic information provided in Table 3.1, one of the participants of this
evaluation was female, 33 years old, and the most experienced participant of the
group with twelve years in the field of science education. The second most
experienced participant was in the same field, and he was 36 years old, with ten years
of experience in science education. The remaining participants were both males, 35

and 32 years of age, with six years and ten years of experience in the field of IT.

The ill-structured problem scenarios selected and listed, depending on the opinions
of the experts, were finally reviewed by two linguists. One of them was a 35-year-
old Turkish Language Teacher with 6 years of experience. The other expert was a

26-year-old male with four years of experience in Turkish philology.
Participants of Cycle-1

In the current study, the implementation process of the prepared activities was
carried out over two different cycles. One of the participants in these cycles was the
same. In detail, a 30-years-old male teacher participated in the implementation
process of the activities. He had been teaching the content of the ITS Course to the
students for seven years. In addition, he had taught robotic programming in these
courses for three years at the beginning of the implementation process. During the
first cycle, he was working in a public middle school as an ITS course teacher and

as the Information Technology Counselor at the same school.

In addition to the ITS teacher, a total of 24 students participated in this cycle of the
study. In detail, the activities were carried out with the 5 grade students studying at
a public middle school during this cycle. Although the classroom had a
heterogeneous gender structure, it was unfortunately not sufficiently heterogeneous
in terms of students’ success level due to the policy followed for establishing the

classes during student admission. Under this policy, the students were assigned to
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classes at the beginning of the year on the basis of their primary school academic
achievement scores. One of these classes was selected for the implementation of the
activities. Participating students in this classroom, with their demographic
information, academic performance in the previous semester and attendance status

for the activities, were presented in Table 3.2.

Table 3.2 Demographic, Academic Performance, and Attendance Status of
Participating Students in Cycle-1

Academic Performance

Participants  Gender ITS Science GPA Attended Activities
S1 Male 88 82 86.02 Al, A2
S2 Male 90 93 86.01 Al, A2, A3, Ad
S3 Male 90 81.33 78.67 Al, A4
S4 Male 75 86 82.22 Al, A2, A3, Ad
S5 Male 75 77.16 80.13 Al, A2, A3, Ad
S6 Male 80 74.83 76.47 Al, A2, A3, Ad
S7 Female 92.50 75 86.56 Al, A2, A3
S8 Male 90 85.66 88.03 Al
S9 Female 88 81.09 86 Al, A2
S10 Male 95 76.50 84.10 Al, A2
S11 Female 77.50 76.83 89.46 Al, A2, A3, A4
S12 Female 92.50 87.66 92.32 Al, A2, A3, A4
S13 Female 92.50 85.50 91.55 Al, A2, A4
S14 Female 88 81.05 86.01 Al, A2, A4
S15 Female 95 88.33 94.97 Al, A2, A3
S16 Female 90 70 85.66 Al, A2, A3, A4
S17 Female 100 78.33 91.31 Al, A2, A3
S18 Female 100 78.66 89.09 Al
S19 Female 92.50 76.66 88.47 Al, A2, A3
S20 Female 100 90.50 94.40 A2, A3, Ad
S21 Female 88 81.06 86.03 A2, A3, Ad
S22 Female 90 89.16 87.91 A2, A3, Ad
S23 Female 90 78.33 87.09 A2, A3
S24 Female 85 81.33 83.88 A2, A3

According to data given in Table 3.2, eight of 24 students who participated in the
first cycle were male and the other 18 were female. Examining the academic
performance of the students in the previous semester, it was seen that the students

with the lowest academic achievement in the ITS Course were two male students,
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S4 and S5, with a score of 75 out of 100. On the other hand, the highest score (92.50)
in the same course belonged to four female students (S7, S12, S13, and S19). When
the grades in the Science Course of the previous semester were examined, it was
shown that the lowest grade (S16 with a score of 70) and the highest grade (S20 with
a score of 90.50) belonged to two female students. When looking at the student report
grade, in which the average of all courses was taken, it was found that S6, a male
student, had the lowest academic performance in the previous semester. On the
contrary, the student with the highest average score was a female student in this
semester (S15 with score of 94.97). As can be seen from these grades, the grade point
averages and individual course grades of the students in the class are 70 and above.
This might be an indicator that the first cycle of implementation was conducted with
a group of students who were not heterogeneous in terms of the success level which

was expressed by the teacher and administration prior to study.

The data in Table 3.2 also shows the status of students attending each activity.
Accordingly, the number of students participating in all activities was only seven at
the time of implementation. Nine of the other students participated fully in three of
the activities. It was seen that six students were only able to participate in half of the
four activities. In addition, there were two students who were only able to participate
in one of the activities of this cycle. When we look at the status of participation on
the basis of activity, the highest number of participants in this cycle was in the second
activity with 21 students. Close to this, the first activity was held with a total of 19
students in the first week. In the third activity, the number decreased slightly and the
activity was completed with 16 students. The last activity took place with the
participation of only 13 students. The lack of participation in some activities can be
explained by the fact that the schedule of activities in the school environment
coincided with the end of the year. According to the information obtained from the
teacher and the administration, there was a significant decrease in student attendance
at this school especially in the last month when the exams were over. In addition, the

activities took place in this school during the month of Ramadan. It was learned from
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the same sources that some students' willingness to go to school decreased this month

because they were fasting and preferred to stay at home during the school hours.
Participants of Cycle-2

In fact, the second cycle of implementation was initially planned to take place in the
same school with a different class. However, the IT teacher who took part in the first
cycle was appointed to another school in the same city following the completion of
this cycle. It was therefore decided that the second cycle would take place in this
new school. The new school was a vocational secondary school where a number of
common courses (such as Science, ITS, and Math) were held in the previous school
curriculum. In addition to these common courses, the students also had a number of
vocational courses, such as Basic Religious Knowledge, Arabic, Koran, and Life of
the Prophet. In addition, classes have been formed by separating students according
to their gender in the school. As a result, the second cycle of implementation was
followed by the selection of classes from both boys and girls in this school.
Furthermore, the grade level of the students was also different from that of the first
school in this cycle, since 6" graders were chosen here in order not to wait for a term
to cover subjects in both the Science and ITS Courses in the 5" grade. These
participating students were presented with academic performance in previous year
and attendance status in activities in tables below based on the classes (Table 3.3 for

girls, and Table 3.4 for boys).

According to data presented in Table 3.3, one of the classrooms chosen for the
second cycle of implementation consisted of a total of 21 female students. When
examining this group's academic performance in the previous year, the student with
the lowest level of academic achievement in the ITS course was found to be S16
with a score of 60.75 out of 100. In contrast, the highest grade student in this course
was S12 with a score of 95.75. While the lowest grade in the previous year's Science
Course was 55 (S2), it was seen that the highest grade in this course was S12 with a
score of 87.60.
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Table 3.3 Academic Performance and Attendance Status of Participating Female
Students (6/A Class) in Cycle-2

Academic Performance
Participants  ITS Science  Turkish GPA Attended Activities

S1 94.75 77.20 90 90.18 Al A2, A3 A4
S2 70.50 55 67.6 7321 Al A2 A3 A4
S3 94 93 100 9636 Al A2, A3 A4
S4 82.75 61.77 76.44 7990 Al A2 A3 A4
S5 95 90 95.6 96,50 Al A2, A3, A4
S6 89 78.08 84.02 83.33 Al A2 A3 A4
S7 81.75 59.60 82.7 84.04 Al A2 A3

S8 70.75 60.80 79.5 83.80 Al A2 A3 A4
S9 82 78 93.6 9435 Al A2 A3 A4
S10 94.75 69.50 923 9380 Al A2 A3 A4
si1 77.75 55.30 75.1 80.29 Al A2 A3 A4
S12 95.75 87.60 97 9590 Al A2 A3 A4
S13 81.50 75.20 913 86.18 Al A2 A3 A4
S14 89 79.01 84.08 83.95 Al A2 A3 A4
S15 94.25 75.70 98.3 9280 Al A2 A3 A4
S16 60.75 44.30 57 69.09 Al A2 A3 A4
S17 65.25 58.60 52.1 7380 AL A2 A3 A4
S18 81.50 75.30 90.1 9209 Al A2 A3 A4
S19 80.50 73.30 85.6 8420 Al A2 A3 A4
S20 90.75 788 946 9270 Al A2 A3 A4
S21 85 55.10 80 7546 Al A2, A3

In addition to these two courses, the previous year's Turkish Course grades were also
used to form the groups in the second cycle. The underlying reason for choosing this
additional course for the creation of the group was that the students in the first cycle
had defined the tasks in their group works on the basis of division of labor. One of
those tasks was to fill the activity sheet in the groups. When this case was shared
with one expert, he/she suggested adding this course grades which might give
students background information on writing and reading comprehension skills into
the group forming process. Accordingly, the Turkish Course grades of the students
were taken into account at the beginning of this cycle. The data in Table 3.3 indicated
that the lowest grade belonged to S16 with a score of 57, while the highest grade was

98.30 (S15) for the Turkish Course in female class. Additionally, it was observed

65



that the lowest average grade was 69.09 (S16), while the highest grade average was
96.36 (S3) in this class when the grade point averages of the students were examined

in the previous year.

The participation of students in the activities was also shown in Table 3.3. According
to this data, the participation rate of female group students in the activities was quite
high. It was found that only two students (S7 and S21) did not take part in the last
activity. The remaining students participated in all activities throughout the

implementation process.

Similar data were provided for the male student class in Table 3.4. The activities in
this group continued with a total of 30 students, but there was an exchange of
students with other classes during the implementation process. According to this
change, five students (S8, S17, S22, S23, and S28) moved to another class after
participating in the first activity in this class, and they therefore left the study. Five
new students (S4, S12, S16, S27, and S31) who came from other classes on the other
side were included in the study starting from the second activity. As these two groups
of students were presented below, a total of 35 students with academic performance
in the previous year and attendance status in the activities were also shown in Table
3.4.

According to data concerning the academic performance of the male student class in
the previous year, the lowest grade for the ITS Course was a score of 59.50 out of
100 and this score belonged to two students as S25 and S31. Among these students,
S31 was one of the students who took part in the study after the exchange of students
in other classes. In contrast, S21 had the highest score (92.50) for the same course in
the previous year, according to data in Table 3.4. When examining the academic
performance of this group in the Science Course, the student with the lowest level of
academic achievement in science was identified as S9 with a score of 40.33. On the
other hand, the highest score 91.88 belonged to S35 in the previous year’s Science

Course.
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Table 3.4 Academic Performance and Attendance Status of Participating Male
Students (6/D Class) in Cycle-2

Academic Performance
Participants  ITS Science  Turkish GPA Attended Activities

S1 70 43.30 43 63.84 Al, A2, A3, A4

S2 82 55 72 75.13 Al A2, A3, A4

S3 83 58 70.40 75.75 Al, A2, A3, A4
S4** 75.25 48.33 58.66 64.14 A2, A3, A4

S5 85 81.50 87 87.79 Al, A2, A3

S6 84 57.50 73.80 74.15 Al, A2, A3, A4

S7 80.75 55 70.40 75.13 Al, A2, A3, A4

S8* 81 56.40 72 76.79 Al

S9 60.75 40.33 57 60.59 Al, A2, A3, A4

S10 90.75 77.20 84.70 90.60 Al, A2, A3, A4

S11 96 75.30 91 88.89 Al, A2, A3, A4
S12** 71.50 46.66 50.66 60.72 A2, A3

S13 81 64.80 55.80 66.65 Al, A2, A3, A4

S14 72.75 63.50 61.80 68.36 Al, A2, A3, A4

S15 77.50 52.22 56.33 62.79 Al, A2, A3, A4
S16** 80.75 65.30 73.80 83.89 A2, A3, A4
S17* 74.25 50.11 50.55 62.97 Al

S18 80.50 61.50 74 81.30 Al, A2, A3, A4

S19 73.50 73.30 87 88.60 Al, A2, A3, A4

S20 86 74.30 76.20 82.29 Al, A2, A3, A4

S21 92.50 76.55 62.50 79.60 Al, A2, A3, A4
S22* 74.25 48.50 75.60 76.79 Al
S23* 85.50 66.30 89.50 88.49 Al

S24 74.50 47 70.60 77.18 Al, A2, A3, A4

S25 59.50 52.30 55.60 68.57 Al, A2, A4

S26 90.25 50.20 80.60 77.06 Al, A2, A3, A4
S27** 81 56.40 51.60 70.27 A2, A3, A4
S28* 70.75 51.10 70 71.14 Al

S29 75 45.70 49.70 67.49 Al, A2, A3, A4

S30 88 65.80 85.30 86.07 Al, A2, A3, A4
S31** 59.50 46.66 45.83 58.50 A2, A3, A4

S32 90.50 69.10 75.60 87.21 Al, A2, A3, A4

S33 80 57.50 70.60 74.15 Al, A2

S34 82 68 70.40 85.42 Al, A2, A3

S35 85 91.88 81.88 86.15 Al, A2, A3, A4

* Student left the implementation, ** Participating student later

Although the lowest grade in the previous year's Turkish Course was 43 (S1), it was

seen that the highest grade in this course belonged to S11 with a score of 91. In
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addition, it was found that the lowest grade average (58.50) belonged to S31, who
participated in the study after the student exchange process, while the highest GPA
score was 90.60 (S10) in the male class when the grade point averages of the students

were examined in the previous year.

The data provided in Table 3.4 also indicate the status of male students attending
each activity during the implementation process. As a result, 21 students in the group
participated in all four problem-solving activities. Seven of the other students
participated in three of these activities and two students participated in only two of
the activities during the implementation process. In addition, there were five students
who were only able to participate in one of the activities (Activity-1) of this cycle.
All these students could not continue their activities because of the compulsory
exchange of students in the school. The status of student participation on the basis
of each activity was also identified with the help of data presented in Table 3.4.
According to these data, a total of 30 male students participated in the first two
activities at the beginning of this cycle. The third activity was carried out with a total
of 28 students and the number slightly decreased for the last activity with the

participation of 26 students.
Participant Selection

In the current study, a sample selection methodology based on nonprobability
sampling has been employed in a broad sense. Participants are selected intentionally
in this type of selection because they are “available, convenient and represent some
characteristics the investigator seeks to study”. It is used when the main purpose of
the research is not “generalizing findings to a population but only describing a small
group of participants in a study” (Creswell, 2012, p.142). Key selection elements

should be defined by the researcher in the research, according to Merriam (2009).

A purposeful sampling method was employed for the selection of the participants in
the current study. However the selection criteria have changed depending on the
phases of the study. For example, the participants in the focus group of analysis of

the current status were determined by considering both the implementation school
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and the fields of the participants. This analysis was therefore carried out with
participants from the fields (IT and science education) related to the activities and a
participant from the administration. Similarly, while designing the activities,
suggestions were taken from four science teachers who had used robots before.
Afterwards a focus group meeting was set up to prepare event scenarios. The
participants in this group were practitioners, an expert in science, and the researcher
himself in fields related to the activities. Experts from the same fields were selected
in the scenario evaluation group and two linguists were chosen to review the

activities prior to the implementation process.

During the implementation process, the criteria for selecting the participants were
twofold, one relating to the students and the other to the instructor. As the activities
involved ill-structured problems, students had to have prior knowledge of subjects
related to activities involving first-term subjects of the 5 grade middle school
curriculum. For this reason, students in the second term of the 5™ grade in the first
cycle and 6" grade in the second cycle were included in the current study. In addition,
an experienced teacher on programming and robotics was selected on the basis of
the second criterion. As a result, the teacher who had taken an in-service robot
program and had a certificate on the competence to teach this subject was chosen as
a participant in the current study. He had also been teaching the subject of robotics

to the middle school students for three years.

Since it was planned to observe all participants before and during the activities and
all their documents were analyzed, no sampling method for the selection of these
participants was specified here. However, after each activity, a method of purposeful
sampling was used to select student groups to be interviewed at the focus group
meetings. The criteria for this selection were the variations of the groups. Students
from different groups interviewed in previous activities were selected to have access
to different student experiences after each activity throughout the implementation

process.
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3.4 Data Collection Instruments and Process

The primary data collection methods were interviews with participants,
documentation, and researcher observation in the current study. All these methods

and data sources were summarized in Table 3.5.

Table 3.5 Summary of Data Sources and Instruments for Current Study

Data Collection

Method Data Sources Description
Instrument
At the beginning of the study,
Focus Group Interview Teachers and a focus group meeting was
Protocol for Analysis of administrator at held at the implementation
Current Status implementation school  school to learn about the
current state.
Suggestions from the science
Semi-structured Interview . el v/ho used. robot§ n
Protocol with Teachers Science teachers @he past were recglved with
interviews to design and
. develop activities.
Interviews
Interviews were held with
Focus CRElpPintervieyy Students in both cycles Ztﬁgﬁnttsh\évf;gt\i/\v/%rilgzc:c:r;gtr;)il;ps
Protocol with Students Y rng :
opinions on the experience of
each activity.
Interviews were held with the
Semi-Structured Interview IT teacher teacher to obtain opinions on
Protocol with Teacher the implementation of each
activity.
The proposals for ill-structured
Ill-structured Problem Teachers, expert and problem scenarios were drawn
. up in a focus group meeting
Scenario Development Form researcher -
with teachers, an expert and
the researcher.
In order to select and sort out
the prepared activities during
Documents the implementation process,
Problem Scenario Evaluation the ill-structured scenarios
Experts

Form

Science Achievement Test

Students in both cycles
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Table 3.5 (cont’d)

Unplugged Algorithm Quiz

Activity Sheet

Reflective Diaries and
Drawings

Students in both cycles

Student groups in both
cycles

Students in second
cycle

achievement of students in
related science subjects.

A quiz was prepared and used
to determine the academic
achievement of the subject of
algorithm in ITS course.

Activity sheets used by student
groups during the activities
were used as supporting data
sources to explain the process.

In order to examine the
activity process more closely,
the students were asked to
draw on the activity time and
to write a reflection on their
experience in the second cycle.

Structured Observation Form
for Activities

Observation

Unstructured Observation
Before Activities

Student groups in both
cycles

Student groups in both
cycles

It was planned to take notes
during the activities and an
observation form was prepared
for this purpose.

The student groups targeted in
both cycles were observed by
the researcher in the learning
environments before the
activities.

34.1 Interviews

Focus Group Interview Protocol for Analysis of Current Status (ACS)

Semi-structured interviews with participants, guided by the research questions of the

study, were one of the main data sources for the current study. The data collection

process began with one of the data collection techniques, a semi-structured focus

group interview for analysis of current status at the beginning of the research. The

interview protocol with four main questions and thirteen sub-questions were

prepared prior to the examination. These questions were specifically addressing the

strength, weaknesses, opportunities and threats for the implementation of the

activities. For the creditability of these questions, an expert from the field of IT

reviewed the protocol and a number of changes on it were made on the basis of
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suggestions. Questions were also piloted with a teacher to ensure the clarity of the
language of the questions. The used interview schedule followed during the data
collection process is provided in Appendix A. For the examination, a semi-structured
interview was conducted during a focus group meeting with three participants who
were teachers from different fields (IT, Science, Technology and Design). One of
these teachers was also working at the administration department in the
implementation school. The duration of this meeting of the focus group lasted almost

55 minutes.
Semi-structured Interview Protocol with Teachers

A further interview was conducted with four volunteer participants in the preparation
part of the activities. Semi-structured interview protocols were prepared to reveal the
suggestions of science teachers on proposed activities regarding their past
experience. The prepared protocol was reviewed by an expert and piloted with a
research assistant in the field to establish the credibility of the instrumentation. The
schedule with a total of twelve questions and their probing questions was ready
before the interviews. One of these questions, with seven probing questions,
addressed the experience of participants in their courses. An additional five questions
were about the general issues on proposed activities and these questions were related
to the suggestions of the participants on the activities. With the remaining questions,
the participants were asked to express their opinions on the issues identified as
potential barriers to the implementation of the activities in the analysis of the current
status. This interview protocol is provided in Appendix B. For the purpose of
applying this examination according to this protocol, three science teachers were
interviewed online for approximately 30 minutes each. One teacher preferred to
answer questions in writing. Therefore the data from this participant was received

via e-mail.
Focus Group Interview Protocol with Students

Following each activity during the implementation process, focus group interviews

were conducted with students who worked collaboratively in groups. A semi-
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structured interview protocol was prepared to provide students with an insight into
the activities to address research issues at these meetings. The questions were mainly
prepared on the basis of a literature review of the study framework and methodology.
More specifically, the interviews began with the opening question: “How would you
describe this activity to a friend who could not attend it?”. Three additional questions
addressed the problem solving process in the activities with several probing
questions. Two more questions asked what makes things easier and more difficult
during the activity process. Moreover, students’ opinions about this process were
probed with two questions addressing both positive and negative aspects of it.
Finally, the potential contributions of the activity and where and how the students
could use these contributions were investigated with two questions and several

probing questions during the focus group meetings.

The interview protocol was prepared before the implementation process, following
two expert reviews and a linguistic check. Additionally, it was piloted with a student
of the target age group for clarity of voice. The required modifications have been
made to it. The last version of this interview schedule is given in Appendix C. A total
of seven focus group meetings with 18 students in the first cycle and 14 other
meetings with 44 students in the second cycle were conducted during the study. The
duration of these focus group interviews was approximately 15 minutes for each

group.
Semi-Structured Interview Protocol with Teacher

After each activity, an interview protocol was also used for interviews with the
teacher. This protocol consisted of three main parts, which included questions about
the nature of the activities, facilitating and complicating elements of the activity
process, and the contribution of the activities. In detail, the interview protocol began
with an opening question asking the overall assessment of the activity. The following
three questions investigated the teaching process of the activities. Nine additional
questions focused on the problem-solving process of students in the first part of the

protocol. There were six questions in the next part about the details of the activity
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process. These questions sought to determine the positive and negative aspects of the
activities and the demands for change. Finally, the contribution of the activities was
investigated by two main issues in the protocol, as illustrated in Appendix D. In order
to construct this interview protocol, as in the case of student interviews, the literature
on framework and the methodology of the study were taken into consideration.
However, since some of these questions were about the general form of the activities,
there were two forms in this protocol. Accordingly, after the first and last activity, a
long version of the protocol was used and a short version of it was used for the
remaining activities during the implementation process. These two versions of the
interview schedule were reviewed by two field experts and they were piloted with a
field teacher before the implementation for the creditworthiness of the instrument.
During the implementation process, these interviews with the teacher took about 45
minutes for the short form (during the second and third activities) and 1.5 hours for

the long version prepared for the first and last activities.

3.4.2 Documents

Ill-structured Problem Scenario Development Form

After receiving suggestions from the practitioners for the proposed activities, a focus
group meeting was conducted with field experts and teachers on the preparation of
ill-structured problem scenarios. This focus group meeting included the researcher
himself, two teachers from the field of IT and science, and an expert from science as
participants. During the meeting, participants discussed the issue of the problem
scenario, the scenario presentation method, the name of the activity, the objectives
of the activity, the related subjects in both Science and ITS Courses, and the
equipment needed to solve the problem. The data was recorded via voice recorder
and also entered in a form designed by the researcher for this meeting (Appendix E).
This form included the filling of parts for the topics mentioned above (problem

scenario, scenario presentation method, activity name, objectives, related subjects,
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and equipment). The meeting lasted approximately 50 minutes and the views of the

participants were recorded in the form during this period.

Problem Scenario Evaluation Form

In order to prepare the activities, activity problem scenarios were presented to the
field experts. Four experts assessed these ill-structured problem scenarios with an
instrument called the “Problem Scenario Evaluation Form”. This form was
developed by the researcher on the basis of a literature review of ill-structured
problems. This form consisted of two sections containing elements on the general
and structural characteristics of the problem scenarios. The data were obtained via a
five-point Likert-type scale in which participants could set their preferences by
marking the options from totally disagree to totally agree. After the form was made
ready, it was examined by two experts in the field of IT and necessary changes were
made according to the suggestions of these experts.

In the first part of the form, there were four general arguments about the problem
scenario. One of these general arguments was about the comprehensibility of the
problem scenario. The others concerned the suitability of the problem scenario for
the selected subjects, the objectives of these subjects and the cognitive level of the
students. In the second part, there were 11 arguments that emerged from the literature
review on the features of ill-structured problems. Five of these arguments were about
the nature of the problem structure and the remaining arguments were about the
nature of the task environment. The participants’ options for arguments in these two
parts of the instrument were collected on the basis of a 5-point Likert type scale. The
options of this scale were “totally agree, agree, neutral, disagree and totally
disagree”. In order to analyze these parts, the average points of responses were
calculated by giving totally agree 5 points, agree 4, neutral 3, disagree 2, and totally
disagree 1 point. In addition, the last part of the form contained an open-ended
question, which examines the intended changes made to the scenario by the reviewer.

The example form is located in Appendix F.
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Science Achievement Test

The researcher adapted an academic achievement test of science subjects for the
activities (please see in Appendix R). In the process of adaptation of this test, a table
of specifications based on Bloom's Taxonomy was prepared for the selected
activities in line with topics in science, since the alignment of questions and goals is
crucial for achievement tests. In the selected activities, the subjects were (1) Physical
Events and (2) Creatures and Life in Science Course. In addition, the related units
for these subjects were listed as Propagation of Light, Incoming Beam, Reflected
Beam, Surface Normal, Human and Environment, Environmental Pollution,
Environmental Protection and Beautification, Human Environment Interaction,
Local and Global Environmental Problems, Human and Environment, Disruptive
Nature Events and Protection, Measurement of Force and Friction, Applications of
Friction Force on Slippery and Rough Surfaces, Applications of Friction Force in
Daily Life in the course curriculum. The objectives for those subjects and units were
also derived from the same curriculum defined by the Board of Education and

Discipline.

A question pool for selected objectives was developed with 26 multiple-choice
questions chosen from the content of the official platforms (MEB Olgme,
Degerlendirme ve Sinav Hizmetleri Genel Miidiirliigii (ODSGM) and Egitim Bilisim
Ag1 (EBA)) of the Ministry of National Education. A review of these questions was
carried out by an expert in the field. In addition, two science teachers assessed these
questions with the Science Achievement Test Evaluation Form (please see in
Appendix G) to ensure content validity of the test. In the assessment form, three
options for each question were provided to the teachers: appropriate, must be
corrected, and must be excluded. According to the results of this assessment, 3
questions were excluded from the test and 6 questions were modified on the basis of
the opinions of the science teachers. During this assessment, teachers were also asked
to put the questions on the table of specification which was prepared based on the
objectives of related science subjects. The final version of this table of specification

including the number of questions in the instrument was presented in Table 3.6.
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Table 3.6 Table of Specifications for Science Achievement Test

Objectives Knowledge Comprehension Application Analysis

1. Give examples of friction force

from daily life. 123

2. Explain the role of friction force
in life with examples and 4,5
experiments.

3. Shows that the light coming from
a source follows a linear path in 6,7
every direction by drawing it.

4. Explain the relationship between
the incident beam, reflected beam 9,10,11
and surface normal.

5. Explain the positive and negative

effects of lighting in daily life. 13 12

6. Classify the items according to

their transmission of light feature. & 15 16

7. Express the importance of
interaction between human and 17,18
environment.

8. Provide suggestions for the
solution of an environmental
problem in the immediate vicinity
or in the country.

19,20

9. Explain the destructive nature
events caused by natural 22,23
processes.

10. Express the ways of protection

from destructive natural events. 25,26

After the elimination of the redundant items (question 8, 21, and 24) and necessary
modifications made on the test, two 6" grade students were assigned to the pre-pilot
investigation of the test items. These students were interviewed on the test items
while they were answering the questions individually. The interview protocol (please
see Appendix H) contained questions about the comprehensibility of test items.

Students were also asked to provide their reasons for choosing that option and how
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they eliminated the other options during this testing process. The results of these
interviews showed that two students had answered all the questions on the test. They
had wrong answers for the different questions but they did not report any unclear
points on any questions. Therefore, the researcher did not make any changes to this
version of the test. In addition, the duration of the test was calculated in this testing
process. It was determined to be 25 minutes for 23 multiple-choice guestions with

four options.

In the pilot study, the achievement test was applied to 132 6" grade students in a
public school to carry out an item analysis of the test. In order to calculate the
difficulty and discrimination levels of the questions and the reliability of the test, the
true answers of each students were coded as 1 and false answers as 0 using SPSS
statistical software. The students’ scores were ranked from the highest to the lowest
in Microsoft Office Excel and the supergroup and subgroup were identified using the

critical value of 27 per cent. Then, the formula of 7, = Dgy,;, — Dsyp/ (Ngup + Msup)
/ 2 and the formula of p; = = Dgyp, + Deyp/ Ngyp + Ngy, Were used to determine

the discrimination indices and difficulty level of test items, respectively. The results

of these calculations are given in Table 3.7 with the test items.

Table 3.7 Item Analysis Results of the Achievement Test

Questions p; 71j p; Interpretation r;, Interpretation

Q1 0,49 0,45 Moderate Ideal
Q2 0,71 0,53 Easy Ideal
Q3 0,68 0,47 Easy Ideal
Q4 0,45 0,47 Moderate Ideal
Q5 0,87 0,21 Too easy Low
Q6 0,71 0,42 Easy Ideal
Q7 0,63 0,42 Easy Ideal
Q8 0,74 0,32 Easy Normal
Q9 0,45 0,26 Moderate Low
Q10 0,42 0,42 Moderate Ideal
Q11 0,51 0,50 Moderate Ideal
Q12 0,50 0,53 Moderate Ideal
Q13 0,45 0,53 Moderate Ideal
Q14 0,62 0,61 Easy Ideal
Q15 0,63 0,58 Easy Ideal
Q16 0,71 0,47 Easy Ideal
Q17 0,50 0,53 Moderate Ideal
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Table 3.7 (cont’d)

Q18 0,59 0,61 Moderate Ideal
Q19 0,62 0,45 Easy Ideal
Q20 0,63 0,42 Easy Ideal
Q21 0,79 0,37 Easy Normal
Q22 0,79 0,32 Easy Normal
Q23 0,61 0,58 Easy Ideal

Criteria and cutoff points for discrimination indices and difficulty levels of test items
are determined by Baykul (2000). Those values and decisions on them are given in
Table 3.8.

Table 3.8 Cutoff points for Discrimination Indices and Difficulty Level

Value Interpretation
.00-.19 Too difficult

.20-.39 Difficult
Di 40-.59  Moderately difficult
Difficulty Level
.60-.79 Easy

.80-.99 Too easy

.00-.19  Too low (needs to be removed)

Tjx .20-.29  Low (needs to be revised)
Dlscrlmlnatlon .30-.39  Normal (can be used)
Indices

40-.99  Ideal (should be used)

(Adapted from Baykul, 2000)

According to Baykul (2000), the level of difficulty for an item is too difficult if the
item difficulty index (pj) is between 0.00-0.19. If this value is between 0.20-0.39, it
means the item is difficult. Moreover, when it is between 0.40-0.59, the item has
medium difficulty. Pj between 0.60-0.79 means the item is easy and if it is between
0.80-1.00 the item is too easy. Based on these cutoff points, one of the questions, Q5
was found to be too easy, 13 questions were easy, and the remaining questions had

a level of moderate difficulty in the piloted science achievement test.

For the choice of questions on the basis of item distinctiveness indexes (rjx), cut-off
points between 0-1 were used in the item analysis. According to Baykul (2000), the
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item is considered unacceptable if 7;, < 0.20, and should be revised since the
distinctiveness index is low if 7;, is between 0.20 and 0.29. The index is considered
normal and the item can be used if its value is between 0.30 and 0.39. Additionally,
the ideal items are those which have discrimination indices above 0.40. In the
Science Achievement Test of the current study, only three of the test items had
normal discrimination indices and so were considered acceptable. However, since
the distinctiveness indices were calculated as low for items Q5 and Q9, they were
removed from the test. The remaining items in the test had ideal discrimination

indices. Therefore, they kept their place in the final version of achievement test.

After the exclusion of unacceptable test items, the arithmetic mean, standard
deviation, variance, difficulty, and reliability calculations of 21 items were
conducted for the achievement test. According to the results of these calculations,
the Cronbach’s Alpha level was found to be .81 with a score range of 2 at minimum
to a maximum of 20. The mean was 12.99 and the standard deviation was 4.4 with -
0.28 skewness and -0.74 kurtosis values. In addition, the average difficulty level was

found as .61, which is an acceptable value for the achievement tests.
Unplugged Algorithm Quiz

The researcher prepared an instrument called the Unplugged Algorithm Quiz (please
see in Appendix S) to evaluate the academic achievements of students on the subject
of algorithm in the ITS Course. The development of this instrument began with the
creation of a table of specification based on the curriculum established by the Board
of Education and Discipline. The related subject of activities for the algorithm quiz
in this course was “Programming” in the “Problem Solving and Programming” unit
according to this official curriculum. The table of specification for this instrument is
given in Table 3.9. After the creation of this table, seven open-ended questions were
developed by the researcher. These questions were modified by taking into account
the review of two IT experts. The course teacher also reviewed the quiz questions

and the corresponding table of specification.
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Table 3.9 Table of Specifications for Unplugged Algorithm Quiz

Objectives Comprehension  Application  Analysis  Synthesis
1. Develops algorithms to solve a All
problem. (except4)
2. Explains flow chart components and 4
functions.

3. Draws the flowchart for an algorithm.

4. Extracts errors by testing an

algorithm. 3
5. Develop algorithms using linear logic )
structure.
6. Develop algorithms containing
decision structures. 6
7. Creates algorithms with loop 7

structure.

Two sixth grade students at the public school piloted the prepared quiz separately in
order to identify the needs for improvements on the test. During the students’
performance, several questions were asked to them about the questions on the quiz
based on the interview protocol as shown in Appendix I. This protocol involved
questions about the comprehensibility of the test items. The students were also asked
their reasons for choosing that response and the reason for eliminating other options,
in accordance with this protocol. The results of the pilot administration of the quiz
indicated a number of modifications on the items. These modifications were made
and the final version of the Unplugged Algorithm Quiz was completed before the

implementation process.

The quiz included open-ended questions, therefore the researcher developed a rubric
for the evaluation of the students’ answers on this test. This rubric (please see in
Appendix J) was reviewed by the course teacher and used to ensure the reliability of
the assessment during the implementation process.

Activity Sheets

An activity sheet was developed by the researcher before the implementation
process. This sheet presented a problem statement to the students at the top of the

page. The following seven parts scaffolded them during the process of solving the
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ill-structured problem. Specifically, the first and second sections included questions
about students' understandings of the problem. These sections, therefore, allowed
students to articulate their own problem spaces in a group working environment.
Their collaboration on and discussion of problem spaces remained in the third section
as it contained a fishbone that can be filled with the problem'’s main and sub-reasons.
Students could identify alternative perspectives of the problem statement with the
help of this section, and they might construct multiple problem spaces. After their
problem space/spaces were sufficiently built up, they were able to talk about possible
problem solutions in the next two sections of the activity sheet. Requirements for the
selected solution for robotic parts and stationery materials were requested in fifth,
sixth and seventh sections. In the implementation section, students needed to prepare
the algorithms necessary for the programming of robots. In the last section, students'
predictions about their solutions were asked so that they had a chance to monitor
their solutions by predicting the results. At the end of the activity sheet, there was a

note that directs students to the programming phase of the activities.

The draft version of the activity sheet was reviewed by two experts in the field. After
these revisions, a number of changes were made on it. One of these changes was the
addition of a part in which students can write group names and group members. In
addition, some changes were made on the expressions in the sections. For example,
the original question and instruction in the first part of the sheet, “What do you
understand from the above question? Write what is explained in the question” was
changed to “What do you understand from the above-mentioned problem? Write
down what is explained in your own words in the space on the side of the problem”.
Similarly, the original expression in the fourth section of the activity sheet was
“What is your solution proposal for the question above? Write your solution proposal
in the space on the side”. This expression was modified to “What are your solution
proposals for the above problem? Please write down your solution proposals in the
space on the side. You should try to find more than one solution”. Moreover, one of
the experts suggested that some phrases on the sheet be highlighted. These items

were negative phrases such as “that you do not plan to use” and phrases showing
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restrictions such as “in your own words” used in several sections. Accordingly, these

phases were modified as underlined in the activity sheet.

Another modification was the requirement of a new section on the activity sheet for
the selected solution revealed during the implementation process. This section was
added between the fourth and fifth sections. The final version of the activity sheet
therefore was presented in Appendix K. In addition to its main purpose of providing
guidance to students during the activity process, this activity sheet was also used as
a supporting data source during the data analysis phase of the current study. When
necessary, the answers provided by the student groups in the sections of the activity

sheet were used for the further explanation of the findings.
Reflective Dairy and Drawings

On the basis of the recommendations made by the members of the thesis monitoring
committee, an additional instrument named the Reflective Diary and Drawings was
used in the second cycle of the implementation. The reason behind the need for this
additional tool was that classes were much more crowded in the second cycle than
the first one. In order to reach the views of all students in these crowded groups, the
researcher developed this supportive data collection tool. There was a drawing area
in the first section of this instrument. In this section, students were asked to draw the
activity time. They were also required to support their drawings with text as answers
to several reflective questions about the activity time in this section. The main
purpose of the drawing section was to remind students of the activity time. In the
second section, a reflective essay on the activity was requested. A number of
questions about students’ experiences, opinions and feelings about the activity were

given at the top of this essay area to guide students about the content of the essay.

Following the development of this instrument, two experts reviewed it in the field of
IT and the researcher made modifications to it on the basis of experts’ suggestions.
A linguist also checked the instrument to ensure the clarity of voice in it. After these
revisions, the last version of the instrument became ready (Appendix L). At each

activity this form was given to the students and they were asked to fill it out on a
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voluntary basis before the next activity. As a result, a total of 83 completed reflective

diaries were collected throughout the second cycle of the implementation process.

3.4.3 Observations

In order to obtain information on the characteristics of the target group and the
learning environment, the researcher took part in the lessons of the students studying
robotics programming during the ITS Course hours and observed the learning
environment by taking notes without any form. Another aim of this unstructured
observation was to get acquainted with the students, since both the research itself
and the researcher were novel to the students. The data collected from these pre-
study observations were typed by the researcher at the time of the observation. The
duration of these observations was 6 weeks for the first cycle and 4 weeks for the
second cycle of the study.

In addition, the researcher's observations during the implementation of the activities
were used as supporting data for the study findings. The observation form was
developed for these structured observations prior to the implementation process, but
since the researcher was extremely active during the activities, the form could not be
filled out timely. Instead, recalled observation data were used when required during

the data analysis process.

3.5  Overall Research Process
In the course of the current study, the steps in the process of formative case
research expressed by Reigeluth and Frick (1999) were taken as follows:

1. Create a case to help you generate the design theory.

2. Collect and analyze formative data on the instance.

3. Revise the instance.
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4. Repeat the data collection and revision cycle.
5. Fully develop your tentative theory.

The overall research process is illustrated in Figure 3.1 and elaborated below.
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Figure 3.1 The Overall Reseach Process

Step 1: Create a Case to Help You Generate the Design Theory
Analysis of Current Status

In the current study, an analysis was used to learn about the nature of the
implementation school and make a decision on the proposed problem-solving
activities at the beginning of the study. A focus group meeting was held at the
implementation school for this analysis, which was inspired by another technique
called SWOT analysis. According to Osita, Onyebuchi and Nzekwe (2014), the
SWOT analysis is one of the various strategic tools used to ensure that the
intervention objective is clear and well-defined, identifying and addressing both
positive and negative factors with potential impacts on the effort. This technique
involves examining strengths, weaknesses, opportunities, and threats for an

intervention (Harrison, 2010).

A presentation was prepared to introduce the study and the research objectives to the

participants at the focus group meeting for this anaysis. This meeting was held at the
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first implementation school with the participation of two teachers (from the field of
IT and science education) and an administrator (from the field of design and
technology). After the collection of the data in the meeting using a voice recording,
the transcription of the focus group meeting recording was performed by the
researcher to gather the codes and categories. Based on the findings of the analysis
of the current status, there were some directive insights about the activities to guide

the development of them.
Development of Problem-Solving Activities
Suggestions for Activities

In order to develop the activities, the first objective was to gather the suggestions of
the science teachers who had previously experienced the robot kit tool in the learning
environments. Semi-structured interviews were conducted with three science
teachers, one by one on remote phone calls. An additional science teacher preferred
to respond to the interview questions in writing. Therefore, the responses from this
participant were taken via e-mail. The general purpose of the data collection here
was to take advantage of the experience of those teachers who had used these tools

before and to get their suggestions for the proposed problem-solving activities.
Preparation of Activity Sheets

The researcher has developed an activity sheet aimed at encouraging students to
follow the problem-solving process during the activities. The theoretical framework
for research described in the previous chapter has contributed to the development of
this sheet. Briefly, the Instructional Design for Ill-Structured Problems (Jonassen,
1997) was used to identify the steps of the ill-structured problem solving process in
the activity sheet. Nelson (1999) has introduced another framework chosen for the
current study, Collaborative Problem Solving (CPS). Specifically, CPS explains
instructional strategies for the collaborative problem-solving process. The sheet
therefore included instructions to encourage students to work together in their groups

during the activity time.
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Preparation of Activity Scenarios

Seven problem scenarios were developed in a focus group meeting with teachers and
experts (two of them from the field of IT and others were from science). The
suggestions of the experts in the previous phase formed the basis of this meeting.
Additionally, the objectives of both courses (science and ITS) were shared with the
participants prior to the meeting. Problem scenarios were proposed with their
subjects in science, objectives in both science and ITS, activity name, and the
required equipment for the solution of the problem. The researcher noted the details
of the scenarios on a form during the meeting. One of the completed forms is given
in Appendix E. Additionally, the details about these activities are given in the results
part of the current study.

At another meeting, these seven scenarios have been reviewed and upgraded with an
IT expert. These upgrades were mainly on the statements of problem scenarios to
make them more authentic with real-life narratives. The notes taken during the
meeting about these upgrades were applied on activity sheets by the researcher
before the assessment of activity scenarios. For instance, one of these scenarios in
the draft version was “People sunbathing on the beach are damaged from this activity
and they get various diseases when the angle of arrival of the sun's rays gets steep.
Is it possible to design a robot that can help people in this situation?”. To make it
more authentic before the assessment, it was updated to “People who sunbathe on
the beach in the summer are often damaged by the sun rays, especially at noon, as
they do not notice the angle of arrival sun rays. This situation creates undesirable
conditions such as sunburn, as well as inviting many diseases, especially skin
diseases. What can our robots do to protect people from this situation? How do you
design a robot that can protect people from the harmful effects of the sun on the
beach?”.

Assessment of Activity Scenarios

As conducting all seven activities takes a significant amount of time, it was necessary

to eliminate some of them before the implementation process. Furthermore, it was
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important to obtain extra expert views on these activity scenarios derived from ill-
structured problems. Therefore, four field experts differing from the developer group
reviewed the scenarios with a tool called the "Problem Scenario Evaluation Form"
(see Appendix F). This form consisted of two sections that contain items about the
general characteristics and structured level of the problem scenarios. The activities
ordered according to their structure level based on the data obtained through a five-
point Likert scale with this form. The results of these examinations were given in the

findings section of the current study.

Some of the problem scenarios were eliminated based on the subject distribution and
total general points on the evaluation form. Some of the modifications were applied
based on the suggestions of these experts, which were placed in the last part of the
form. For example, one of the experts stated that giving a detail like the beach in the
lifeguard activity limits the structure of this problem. Therefore, they said, this detail
should be removed from the scenario of the problem. As a result, the scenario for the
lifeguard robot was modified to “There is nothing like spending time outside on
bright sunny days. In addition to making you feel good, sun rays that contain
ultraviolet (UV) rays are our most important natural source for the synthesis of
vitamin D which we need for bone development. Contrary to this positive feature,
when we are exposed to sunlight more than necessary, we may encounter many
undesirable results, especially sunburn. In addition, this situation invites some skin
diseases. What can our robots do to protect people from this situation? How can we
design a robot that can help protect people from the harmful effects of sunlight?”.
One of the other experts argued that that the name of this activity may have a
directive effect on students. As a result, the name of the activity changed to “The

robot that protects from harmful effects of the sun" for this scenario.

After these modifications, two linguists also reviewed the selected activity scenarios
in activity sheets and their language corrections were carried out prior to the
implementation process. For instance, after their revision the scenario of the
aforementioned activity was finalized as “There is nothing like spending time outside

on bright sunny days. In addition to making you feel good, sun rays are our most
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important natural source for the vitamin D we need especially for bone development.
Contrary to this positive feature, when we are exposed to sunlight more than
necessary, we may encounter many undesirable results, especially sunburn. In
addition, this situation causes some skin diseases. What can our robots do to protect
people from this situation? How can we design a robot that can help protect people

from the harmful effects of sunlight?”
Design of Activities

As an ill-structured problem-solving process requires important domain knowledge,
the activities were scheduled considering the necessary issues in both Science and
ITS Courses. As a result, they were planned to be conducted in the spring semester
in the first cycle, since the problem scenarios included only the science subjects of
the fall semester. In addition, problem solving and programming subjects had to be
completed within the ITS course. Therefore, these topics were expected to be
covered in this semester. These subjects were taught over the robot kits used in the
implementation of the current study. In this process, the researcher merely observed
the learning environment, both in order to get familiar with the students and to learn

about the implementation environment.

The results of these observations indicated that the lectures normally consisted of
three parts, including beginning, activity and closure parts. Some of the results of
these observations at the beginning of the implementation process influenced the
design of the activities. Therefore, while some observation results collected before
the first cycle of the implementation are given in Table 3.10 below, it is also possible
to find all the results of the observations for both cycles in the findings section of the
current study. The parts of the general course hours based on the observations were
given in the first section of this table. In addition, the results of the notes taken during
the observation were accumulated on the basis of those parts in the observations
section. Lastly, the decisions on the design of the activities on the basis of those

observations were set out in the last section.
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Table 3.10 Observation Results for the Design of Activities

Parts Observations Decision for Activities
The students take responsibility. o A preliminary discussion about the
. . problem at the beginning of the activity
Lesspns gengrally start Wlth remmders of may be necessary (to remind the goal)
previous topics and continue to be informed
=2 of the goals. o The students are familiar with real-life
= ] ) problems used for the authentic scenario
< The question and answer method is used of the ill-structured problem in the
g effectively. activities.
The teacher is willing to use real-life
examples to bring students to the attention of
the subject, and students usually responded
positively to these examples.
The students know the general problem- o Students know general problems but may
solving stages. need guidance in following the ill-
. . . structured problem-solving procedure
The problem situation could easily be used in an unfamiliar activity.
imagined by them.
o Students can easily imagine authentic
They could argue several alternatives and problems, reach the causes of this
creative solution proposals to the problem problem using techniques such as
while they were using the fishbone technique. fishbone, and offer them creative
2 The teacher preferred to use brainstorming to solutions in activities.
2 trigger the argumentation skills of students in o Various resources can be brought to the
g several parts of the activity. classroom for the activities.
The use of the resources in the classroomwas o The teacher may need to help the students
very high. during the activities, communication
In activities the students usually work between teacher and student will
Lo facilitate this guidance.
individually.
. A . o Since students are not doing group work,
They are highly active in the act|V|t_y Process a group work should be organized before
and willing to ask the teacher questions. the activities and group work should be
encouraged during the activities.
With the students, the summary of the subject o  The students should be given the
is done through the use of the question- opportunity to summarize the topic at the
answer method. end of each activity.
%, If the activity is not finished until the bell o Homework can be given if it is not over
a8 rings, the homework will be addressed. The in time.
) bell is a critical stimulant, however since o Asthe bell is an important stimulus for

students usually do not wait any longer when
it rings once.

students, activities should not be
extended and should be completed on
time

In addition to all these decisions, each activity of the first cycle was designed to cover

four course hours. According to the experts’ view and research framework, students

would have encountered the problem scenario on the activity sheet in the first part
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and they could begin to solve the ill-structured problem by filling out this activity
sheet. In the next section, they would continue to develop their solutions by
programming the robots. In the last section, they would enter a design and production
phase by using stationery materials to reveal their solutions with their programmed

robots.
Materials

Four available robotic kits were compared on the basis of a number of characteristics
by the researcher and the teacher prior to the implementation process in order to find
the most appropriate robotic tool for the investigation. While making this
comparison, issues such as the number of robot parts, the difficulty of joining the
parts, the type of connection, the simplicity and language support of the
programming editor used, availability of technical support, and price were important
factors in the decision-making process. The full version of this comparison is
presented in Appendix M. Ultimately, O-bot Kit was selected among the alternatives

for the current study.
O-bot Kit

Robotsan (Robotics and Mechatronics Technology Ltd.) has introduced a robotic kit,
which was the first programmable educational robotic produced with domestic
capital in the country. The project was also supported by TUBITAK (Scientific and
Technological Research Council of Turkey) to develop K-12 students’ algorithm and
visual programming skills. The kit included the components of O-bot (ER), idea
(visual programming editor) and iDea-Sim (Simulator). These components were
presented in the following section.

O-Bot

O-bot is a mobile tangible robotic kit that can be easily set up and programmed by
K-12 students. The complete package of the robot kit consists of two load bearing

panels, a control card, a voice card, two optical sensors, two photo sensors, a
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proximity sensor, a temperature sensor, a micro switch, a led, a buzzer, battery pack,

cables, two DC motors and two tires. This Kit is illustrated in Figure 3-2

Figure 3-2 O-Bot Robot Kit

iDea

iDea (Integrated Development Environment for Applications) is a flowchart-based
programming editor used for O-Bot programming. This software was designed as
both a professional syntax-based programming editor and a visual programming
editor to make robot programming easier for K-12 students. Users can therefore
effectively control the card on the robot by using iDea flowcharts and control panel
items in the editor. The software can be used in both English and Turkish. The

interface of the editor and a ready flowchart in it are shown in Figure 3-3.
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Figure 3-3 iDea Programming Editor
iDea-Sim

iDea-Sim is a 3D simulator that was launched later from the introduction of the other
components of the kit by the company. In this simulator, a virtual robot moves in an
environment that is very close to the law of the real world of physics. This
environment is enriched by line, endpoint, obstacle, and light source tools that are
the most common tools for robotic real-world activities. The interface of the

simulator is illustrated in Figure 3-4.
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Figure 3-4 The Interface of iDea-Sim

Step 2: Collect and Analyze Formative Data on the Instance:

After the instance was created, the first cycle implementation process was carried
out with four activities named Robot Factory, Lifeguard Robot, Savior Robot, and
Scavenger Robot, respectively. Focus group meetings with students who worked
collaboratively in the groups were held to gather data to form the instance itself. In
addition, after each activity, the teacher was also interviewed for the same purpose.
Other supporting data sources for this cycle were the researcher’s observations and
activity sheets of the groups. Moreover, each activity process was also recorded by
a video recording device. However, as students were freely moving during the
activities and the environment was very noisy, it was not possible to use these

recordings efficiently during the analysis of the data.
Step 3: Revise the Instance:

The revision of the instance was carried out with a number of modifications based

on the collected data both during the implementation process and after the

94



completion of the first cycle. For instance, the instant modifications were the changes
on the activities, which were made for the following activities during the
implementation process. These changes were applied on the activities as a result of
consensus between the researcher and the teacher. In addition to these immediate
changes, the long-term modifications were also applied on the activities and the
implementation process of the instance between the cycles. These long-term changes
stemmed from the analysis of the data gathered from the interviews of the
participants and video recordings. All these modifications were reported in the

findings chapter of the current study.
Step 4: Repeat the Data Collection and Revision Cycle:

In the second cycle of the study, data collection processes were repeated using both
the same methods of the first cycle and an additional tool which was suggested by
the thesis monitoring committee after the first cycle. This instrument was a reflective
diary that included a number of trigger questions about the activity process and a
section for students to draw on the activity time. In addition, the practice of
immediate modifications to the activities continued during the implementation

process as in the first cycle.
Step 5: Fully Develop Your Tentative Theory:

The data collected during the preparation and implementation process of the
activities were analyzed in order to answer the research questions and the results
were given in the findings chapter. One of these research questions addressed the
guideline for ill-structured problem solving activities used in the current study. As a
result, this guideline emerged as one of the tentative theories for similar activities in
the field.

3.6 Data Analysis

Qualitative data were collected through interviews, documents, and observations in

the current study. The analysis of the data from these sources was performed utilizing
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the six-step approach identified by Creswell (2012). These six steps were: preparing
and organizing data, exploring and coding them, describing and forming themes,
representing of findings through narratives, interpreting and validating the findings
respectively. According to Babbie (2007), exploring and coding data steps can be
elaborated into three procedures of open coding, axial coding and selective coding.
As an initial process, data can be classified and labeled in the open coding step. By
grouping these codes, core concepts can be identified in the axial coding process. In
the selective coding step of the analysis, the aim of the researcher should be to choose
the central code that organizes the other codes delivered from the axial coding
process. Using these steps, the qualitative data were analyzed with the help of

MAXQDA software to address the research questions of the study.

The voice records in the interviews were transcribed during the preparation phase of
data. In addition, the documents were scanned in this phase to be added into the
software. The organization of these data was carried out by putting them in folders
named with their sources in the software. Transcribed text and scanned documents
were generally examined at the beginning of the open coding phase. During this step,
some notes were taken to look at the general structure of the data. The data were then
re-examined in detail to identify the codes with the terms referring them. After the
completion of the open coding phase, the generated codes were grouped in more
general terms defined as categories of the data set in the axial coding process. In the
next step, the categories with common points were combined to create the themes of
the study. Following this coding and grouping process, a comprehensive report was
drawn up representing the findings for the research questions of the current study. In
addition, the relationships between the generated codes and categories were used to

develop the guideline of the activities for the last research question.

For quantitative data, SPSS software was used to analyze data provided by
participants who applied Scenario Evaluation Form, Science Achievement Test, and
Unplugged Algorithm Quiz. This software was first used to identify the descriptive
statistics of these data. In addition, inferential statistics were used to compare the

96



data of groups of students who performed the test and the quiz during the

implementation process.

3.7  Quality of Findings

3.7.1 Validation Perspective

The validity refers to the appropriateness, meaningfulness and usefulness of
researchers’ inferences made on the basis of data collected throughout the qualitative
research process (Fraenkel, Wallen, & Hyun, 2011). According to Creswell (2007),
the validation of findings is based on certain strategies that can be used to ensure the
accuracy and credibility of qualitative research findings. Although the number of
available strategies used to validate the findings is quite high, the suggestion is that
“qualitative researchers engage in at least two of them in any given study” (p.209).
As a result, some of these strategies were employed to eliminate possible validity

threats for the findings in the current study.

One of the strategies, triangulation, requires the use of multiple data sources for
evidence from different individuals, types of data, and methods of data collection
(Creswell, 2007). Accordingly, data on the findings of the preparation of the
activities were collected from practitioners and experts from different fields. The fact
that these participants had different lengths of experience was also important for the
triangulation of the findings in this part of the study. In addition, data were collected
from both the teacher and students with semi-structured interviews during the
implementation process. Additional sources of data such as student documents and
research observations were also used during the disclosure of the findings. Moreover,
some qualitative findings were supported with quantitative data. As a result, it was
clear that the data triangulation was provided with different participants and types of

data to ensure the validity of the findings in the current study.
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The data collection instruments were prepared by taking the literature into
consideration. Specifically, the framework of the study shed light on the preparation
of these tools. Additionally, the interview questions were formed on the basis of
literature in the technology integration, problem-solving, and formative research
fields. The construction of all these tools and the whole research process were
consulted by an expert in the field which refers to external audits strategy. According
to Creswell (2007), this strategy requires an external view to examine both the
process and the product of the study closely. This view can be done with other
researchers from outside of the study and is called peer debriefing (Fraenkel et al.,
2011). Although no peers have followed the entire process of this study, findings
have been shared with some colleagues from time to time and a consensus on the
findings has been sought during these meetings. In addition, the transcriptions were
coded more than once in different times by the researcher to ensure the consistency
of the findings. Moreover, this data analysis process was reviewed by an expert in
the field and the codes, categories, and themes that emerged as findings were
presented to the committee members of the research prior to their reporting.

The researchers need to check the accuracy of the data with the participants of the
research (Creswell, 2012). Member check was only applicable for the interviews
with practitioners, experts, and the teacher during the implementation process. The
students were interviewed at focus group meetings. Due to the young age of the
students and the fact that the interviews are carried out at group meetings, the
transcribed data could not be sent to student participants for validation. However, the
transcripts of other interviews were sent to remaining participants by e-mail for them

to check.

3.7.2 Reliability Perspective

Reliability is generally known as the similarity of findings when conducting the same
or similar research. This however, contradicts with the fundamental principles of

qualitative research. According to these principles, qualitative research reveals the
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findings according to the environment and people involved in the research process.
Therefore, it reaches results that cannot be repeated with others (Yildirim & Simsek,
2011). According to Cohen, Manion and Morrison (2007), the nature of qualitative
studies includes the uniqueness of the situation, which should be accepted as a
strength rather than weakness. Accordingly, seeking reliability in qualitative
research should be avoided (Levis & Ritchie, 2003). According to another view, the
reliability perspective of any qualitative study can be examined according to the
trustworthiness of the findings. According to Creswell (2007), employing a high
quality of recordings, verbal data transcriptions, and inter-coder agreements are the

ways used to enhance this trustworthiness in qualitative studies.

In order to increase the reliability or trustworthiness of the qualitative data of the
current study, the interviews with the participants were recorded by a voice recorder.
Although there were overlapping voices in some of the focus group meeting
recordings, the quality of these recordings was generally quite good. In addition,
these voice recordings were transcribed by the researcher prior to their analysis.
Finally, after the researcher's analysis, approximately 10% of the transcribed data
was shared with an inter-coder in the field of IT. This inter-coder analyzed the raw
data by coding it before the meeting with the researcher. At this meeting two coders
discussed the similarities and differences of codes and tried to reach a consensus,
and an inter-coder agreement was reached between these researchers at the end of

the meeting.

Inter-rater reliability was also applied for the scores of the students on the Unplugged
Algorithm Quiz since this instrument involved open-ended questions. The researcher
and the teacher separately graded some of the students’ quizzes independently. For
this grading, 10 percent of quiz papers of students were selected randomly and the
scores of these inter-raters were compared with SPSS software. The result of the
inter-rater analysis based on Intraclass Correlation Coefficients estimates with mean-
rating (k = 2), absolute-agreement, and 2-way mixed-effects model was equal to .98,

which referred to an excellent agreement on the test scores for the raters.
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3.8 Role of Researcher and Ethical Considerations

The role of the researcher is critical, particularly in qualitative research, as the
researcher is the primary source of data collection and analysis processes (Merriam,
2009). In the data collection process of the current study, the researcher acted as the
main instrument of the study by asking questions to the participants both during the
development of the activities and implementation process of them. Additionally, the
researcher was one of the facilitators during the implementation process. Firstly, he
was the person who provided all the materials and equipment necessary for the
students to carry out these activities. In addition to this, he took part in conducting
the activities, just like the teacher during the implementation process. He answered
students' questions during the activities, helped them whenever they needed, and
guided them through the process. Moreover, the teacher had to leave the classroom
due to an administrative task loaded on him during one of the activities. In this case,
the researcher became the only authorized person to continue the activities for
approximately 15-20 minutes period of that activity. In addition, while meeting
student groups at the end of each activity, he tried to give them the confidence that
the conversations in the interviews would not be shared with someone else, including
their teachers. The purpose of this expression was to gain access to all the experience

of students, whether good or bad, in the course of their activities.

Ethical principles were carefully taken into account throughout the research process.
In the first place, research permission was obtained from the Committee on Human
Ethics at METU (please see Appendix V) and the Ministry of Education. In addition,
each participant was informed of the study purpose and the research process prior to
the data collection process. The parents of students were also informed of the
research and their consent was obtained with the help of a form before the
implementation. The data collected from participants were not shared with others not
related to the research and the names of the participants were kept confidential

throughout the report of the current study.
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CHAPTER 4

RESULTS

This chapter presents the findings of the current study. The results are reported in
three subheadings, namely findings of preparation of activities, modifications on

activities, and research question findings.

4.1  Findings for Preparation of Activities

In the current study, problem-solving activities for middle school students were
developed in line with the content of ITS (Information Technologies and Software)
and Science Courses. The objectives were chosen at the 5™ grade level for both
courses. The subjects were associated with problem-solving and programming unit
for ITS Course. In addition, they were related to physical events, creatures, and life

units for the Science Course.

The preparation of the activities was based primarily on the literature review and
results of several analyses. These results were reported below.

4.1.1 Analysis Result of Current Status for Problem Solving Activities

At the beginning of the study, an analysis was implemented to learn about the
implementation school environment and make some decisions for the activities. The
analysis was carried out with a focus group meeting. The demographic information
of the sample volunteering to participate in that meeting was provided in Table 4.1.
According to information gathered from the participants, one of them (A) was 30
years old, and he had a seven years of professional experience in the field of IT
(Information Technology). The second participant (B) was a male science teacher

who was 35 years old and had eleven years of professional experience in his field.
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The last participant (C) was 29 years old. She was one of the administrators in the
school and had eight years of professional experience in the field of technology and
design.

Table 4.1 Demographic Information of the Participants in Analysis of Current
Status for Problem Solving Activities

o ) Professional
Participants Gender Age Field ]
Experience/Year

Instructional
A Male 30 7
Technology
B Male 35 Science Education 11
Administrator/
C Female 29 Technology and 8

Design

After data collection, the transcription of the focus group interview was performed
by the researcher to gather the codes and categories related to the themes of analysis
named strengths, weaknesses, opportunities, and threats, respectively. A matrix of
these themes with the related categories and codes was created to present the whole
picture of the results and was presented in Table 4.2.

Table 4.2 Matrix for the Categories of Analysis of Current Status for Problem
Solving Activities

Strengths/Categories & Codes Weaknesses/Categories & Codes
Motivational Aspect Financial

¢ Increasing motivation e Costing high

e Increasing the interest ¢ Inadequacy of robotics kits

e The sense of achievement Applicability

Cognitive Aspect ¢ Not applicable to all subjects

e Getting away from memorization
e Making the subject memorable
Effects on Learning

¢ Eliminating the monotony
e Learning by doing

e Activating students

e Improving learning

e Allowing practice
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Table 4.2 (cont’d)

Individualization

e Designing for own needs
e Making something to ease the life
e Creating own artifacts

Essence of Activities

Being tangible

Suitable for other activities

Positive perception towards robotics
Positive effects on other students

Opportunities/Categories & Codes

Threats/Categories & Codes

Technical

e Technological infrastructure

e Availability of computer laboratories
e Adequate equipment

e The simulator

Parental
e Willingness
e Support
o Relationship with teacher

e Trust in the school

Duration

Time-consuming
Limited time
Extra design phase
Extra course load

e The schedule
Parental

¢ Not having support at home
e Unavailability of time
e Inadequate knowledge of IT

Regional Instructional

e The proximity of homes e Low motivation level

e Transportation e Fear from courses

e Adbvertising in province and district e Fear of failure

e Being close to companies e Dislike the course
Educational e Worries about plagiarism

e Willingness o Stugler?ts' readiness

e Interests * Juniority

e The classroom * Attendap ce

e The number of students * Evaluation problem

e Prerequisite level External

e Non-intensive curriculum e Physical conditions of the environment

e Additional points in exams

Based on the codes of analysis, strengths of the activities were clustered within five
categories such as motivational aspects, cognitive aspects, effects on learning,
individualization, and the essence of activities. According to participants, the
activities would increase the level of students’ motivation and interest in the course.
Students would also be satisfied since they would succeed in solving ill-structured
problems in the activities. These codes were grouped into the motivational aspect of
the strengths. Some of the strengths of the activities were related to the category of
cognitive aspect. Getting away from memorization and making the subject

memorable were underlined under the above-mentioned aspect. Based on the results,

103



the activities would also have effects on learning. According to the participants, these
activities might eliminate the monotony in courses and give them the opportunity for
learning by doing. By enabling students to practise in the activities, they can improve
the level of learning achievement. Individualization was one of the other strengths
of the activities based on the analysis of data. According to participants, students
would assume the productions as their own artifacts since the activities give them
the opportunity to make designs according to their own needs and to design
something that eases their life. The remaining strengths as being tangible and being
suitable for the other activities were grouped under the category of the essence of
activities. Additionally, the activities would not only change the perception of
students participating in the activities towards robotics positively, but they also
would have positive effects on other students from different classes, which were

other features of activities related to the category of the essence of activities.

Only two categories emerged under the theme of weaknesses based on the data of
the focus group meeting. According to participants, there was a financial obstacle of
the activities. Since the prices of the robotic kits were quite high, there might not be
enough kits for all students in the learning environment. The applicability of
activities was the other weaknesses. Since the activities did not apply to all subjects,
students would not have the chance to practise in all subjects using these problem-

solving activities.

Four categories emerged in relation to the opportunities for the activities such as
technical, parental, regional, and educational opportunities, respectively. According
to the focus group interview data, the sufficiency of technological infrastructure
constructed recently in the school, possessing adequate equipment in technology
laboratory, and its' availability for students’ use outside of lecture hours were codes
of technical competencies. In addition to these competencies, the existence of the
simulator in the programming editor of the robot kit, which made it possible to work
at home, could be another technical opportunity that was related to the software
itself. Parental opportunities of the activities were the family-related issues on the
data of the interview. According to participants, the parents were willing to provide
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an excellent education for their children. In addition, there might also be a potential
financial support from the parents who support similar activities. In addition to a
good relationship between parents and teachers, the parents’ trust in the school was
also very high, all of which were the opportunities for the planned activities. Some
opportunities were specifically named as regional opportunities. Students’ homes
were so close to the school that the transportation was effortless. The school also had
some regional opportunities. First, it had a high-quality advertisement in the province
and district. Second, thanks to its close the location to the companies developing
similar projects and to the company that produced the robotics, there could be an
opportunity to establish a connection with those companies if needed. The remaining
opportunities were collected under the category of the educational opportunities.
Based on data of focus group interview, the willingness of the majority of students
in the classroom for implementation, their high interest in innovations, and their
particular interest in computers were considered as motivational opportunities. The
structure of the classroom as well as the number of students in the classroom were
quite suitable for the activities. Other opportunities considered under the educational
aspect were the high prerequisite level of students for implementation, and a non-
intensive curriculum in the fifth-grade courses which made the implementation of
such activities in that grade-level easier. Getting additional points in the TEOG exam
(National High School Entrance Examination) with TUBITAK Projects might also
provide an opportunity for the activities since same robot kits were used in these

projects.

Codes for threats of the activities were classified into duration, parental,
instructional and external categories. According to participants of the focus group,
the activities were time-consuming, and the underlying reasons for this were the
limited duration of the courses and the need for an extra design phase in them. This
would not only pose a threat for the duration of the activities but also a treat for an
increase in the course load. The weekly schedule of the course might also be a threat
because it should be set depending on the activities. These issues were all the threats

to the duration of the activities. The parental threats were mainly about the absence
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of family support at home for the students about the activities. Some families were
seen by the participants as having the willingness for support but not having extra
time to spend for them. Similarly, since some parents did not have adequate
knowledge of ICT, they might not provide any support for the activities.

Based on the analysis of data from the focus group interview, the instructional
threats were divided into two sections. One of them was named motivational threats.
The codes of low motivation levels of students not interested in the course, their
prejudices such as fears of failure and feeling strange for both courses, and their
worries about plagiarism were grouped under the motivational threats. The other
instructional threats of the activities were also revealed after the analysis of data.
According to participants, some students' readiness may not occur at appropriate
level. Since the entrance age of the students reduced five years ago in the national
educational program, students could be at a low age at the fifth-grade level (low
cognitive level) for the activities. The general decrease in the number of attendances
in the spring semester was the other treat to the activities including the evaluation
problem because of the difficulty of determining the level of learning within group
works. The remaining code about the physical conditions of the school environment
was about the security issues of the region and was considered as an external threat
to the activities.

In conclusion, based on the findings of the analysis of the current status, there were
some directive insights about the activities to guide the preparation of them. The
results showed that there were strengths and opportunities for the activities to be
developed for middle school students. Strengths about learning as well as
motivational stregnts, cognitional strengths, and educational opportunities will be
utilized to overcome the instructional threats such as low motivational level and
attendance problems during the implementation. In the same vein, the technical
opportunities will improve the settings of the activities. Although there will some
parental risks ahead, the opportunities about the parents such as the relationship with
the teacher can be used to overcome these threats. External threats should be taken

into consideration during the implementation process since not all of them can only
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be defeated with the help of regional opportunities. In contrast to external threats,
individualization and the essence of activities are the other strengths which will ease
the activity process. Nevertheless, the financial weaknesses, the applicability of
activities, and durational threats should be examined in further analysis.

4.1.2 Development of Activities

The opinions of the experts were collected through data collection procedures such
as interviews and documents, and analyzed as a guide for the development of the
proposed activities. The results of these analyses have been reported in three
sections: suggestions for activities, preparation of activity scenarios, and evaluation

of activity scenarios.

4.1.2.1  Suggestions for Activities

To develop the activities, it was primarily aimed to gather the suggestions of science
teachers who had previous experiences about the tool, o-bot robot kits. Semi-
structured interviews were conducted with four science teachers. The demographic
information of all participants was presented in Table 4.3.

Table 4.3 Demographic Information of the Four Science Teachers Interviewed for
Suggestions about Activities

o Professional Experience of ERs
Participant Gender Age . ]
Experience/Year in Courses
A Male 30 6 Yes
B Female 29 6 No
o Female 28 4 Yes
D Female 34 9 No

According to the results of the analysis, only one of these participants was male. All

participants’ ages ranged from 28 to 34, and Participant D had the most professional
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experience in the field with nine years. According to their status showing whether
they had previously utilized the robot kits in their courses, two of them stated that
they had not used these Kits in their courses previously. The reason behind this was
the inappropriateness of the grade level of students for such activities in their courses.

Participant B pointed out this issue in the interview as in the following:

Participant B: “No, I haven't had a chance like that. The reason is that I'm
teaching 8th-grade students in the institution where teachers are fastened at
this grade levels, so in the school posseses the logic of giving space to this
kind of activity in other levels of grades. | haven 't got such a chance since |

2

get into the 8th grade.

Participant B: "Hayiwr. Béyle bir sansim olmadi. Sebebi ise 8. Sinif

ogrencilerine ders veriyor olmam bulundugum kurumda sinif seviyelerinde
ogretmenler kilitlenmis durumda o nedenle diger ara siniflarda bu tarzdaki
calismalar daha ¢ok yer verilmesi mantiginda okul. 8 lere girdigim icin de

boyle bir sansim olamad."”

Two participants used these robotic kits in their classrooms at fifth grade level. One
of these participants selected friction force and electricity subjects in the activities
because he/she thought that they were all physics subjects, and the robot kit had
appropriate equipment and functions for those subjects. The other participant utilized
robot Kits in the sound and heat-temp subjects since he/she wanted to show students
the application area of the courses in real life and to create better projects in those
subjects. He/she also expressed that the equipment of the robot kits was particularly

proper for those subject areas.

The preparation process of the activities was asked for these two participants. For
one of the participants, this process started with the determination of the weekly
subject. Then, he/she created the appropriate algorithm for the robotics. The other
one started the process with the preparation of the equipment for the experiment.
Then, he/she continued with the creation of algorithm diagrams for robotics, similar

to the first one.
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The activity process was also asked the teachers in a detailed manner. According to
their responses, both participants started their activities by grabbing students’
attention, but in different ways. One of them came to the classroom with the robot
kit to motivate the students. Then, he/she continued with a short introduction of the
kit. A question, “what can be done with the robot kits in the course?”, was asked
students to start brainstorming in the classroom. The introduction of the equipment
of the experiment was the other step before the creation of the algorithm diagrams.
The experiment was conducted at the end of the activity. The other participant began
the activity by demonstrating readily-prepared project videos. In the next step,
previously learned subject matter was recalled. Then, the required sensors on the
robot kit were introduced. In the next step, the question of the activity was
determined before the brainstorming period for the solution suggestions. As the last

step, the algorithm was created and loaded on robots.

According to Participant A, there were several positive sides of his robotic activity.
First of all, it was very interesting for students. The activity made it possible for the
students to do something they had seen before. Additionally, it provided the decision
that students could use these technology in daily life. For Participant C, activity’s
fixed and reliable measurement results were the most positive aspect. On the other
hand, the negative side was the equality of opportunity which could not be attained
because of the inadequate robotic kits for all students. For the negative sides,
Participant A claimed that there were not any negative aspects of his activity. One of
the remaining participants claimed that the only obstacle encountered during the
activities were technical problems with computers. This issue was explained as

follows:

Participant C: “The importance of computers used is very high. We
sometimes had problems with the computers. Other than that, we had no
problems. There is the idea-sim which we can see as a problem. The
computers do not support idea-sim. Although we had installed according to
the windows version of the computer, we had trouble. That was the only

problem there. Other than that, there was no problem.”
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Participant C: “Yaa problem olarak kullanilan bilgisayarlarn, w1 sey.
Kullanilan bilgisayarin 6nemi ¢ok. Bilgisayarlarda bazen problemler
vasadik. Onun disinda baska problem yasamadik. Hani problem dedigimiz,
idea-sim var, idea-sim i desteklemeyen oldu. Bilgisayarlarin windowsunun
versiyonuna gore yiiklememize ragmen sikinti yasadik. Hani bir sikinti orda

yvasandi. Onun disinda bir stkinti yok.”

As the solution process, this participant tried to overcome this problem by his/her-
self firstly but then got help from the IT teacher in the same school. The obstacle that
the other participant encountered was about the observation of activity by students.
This participant created small groups for the exhibition of the activity as a solution
to this problem.

When these participants assessed the process of the activities from their students’
viewpoint, one of them said that the students liked it, were satisfied with the activity,
and wanted even to continue these kinds of activities later. The other one said that
students found these activities entertaining and were willing to create the algorithms

on their own.

Several questions about the activities proposed to prepare for this study were
addressed in the remaining part of the interviews. One of these questions was about
the suggestions of the participants for the subject area in science that would be
covered in activities. Two of the participants thought that only the physic subjects
were appropriate for the activities. They specifically suggested the subjects of heat
and temp, light, sound since the sensors on the robotic kit were appropriate for these
subjects, and the objectives in these subjects were more concrete and explicit for
them. According to one of the participants, the activities could be conducted in all
subject areas from biology to physics in science such as vitamins, livings, and
environment, force and motion, and electricity. The last participant suggested that
socio-scientific subjects could be covered in these activities such as environmental

education, savings and renewable energy since he/she claimed that combination of
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both social and scientific subjects was essential to create awareness in schools,

saying that

Participant D: “There is always a cliche for children such as science
literacy. | think if we want the child to pick up garbage from the ground and
throw it into the rubbish bin, or if we want it to be put in boxes according to
the waste types, or if we want to cultivate a conscious society first, children
should have more practice and experience on social-scientific fields.”

Participant D: “Hani ¢ocuklarin hani hep béyle klise bir sey vardwr bilim
okur-yazarligi, fen okur-yazarligi i mesela ¢ocugun yerden bir ¢opii alip
¢Op tenikesine atmasini istiyorsak ya da atik tiirlerine gore kutularina
koymasini istiyorsak yani bu bilingte farkindalikli bir toplum yetistirmek
istiyorsak bence once sosyo-bilimsel olarak alanlar iizerinde ¢ocuklara

daha ¢ok uygulama ve yasanti edindirilmeli.”

The participants were also asked whether they could suggest a real-life problem

status in conjunction with the subjects that they found compatible with the

educational robotics. Their suggestions were:

Environmental problems
Environmental pollution

Problems in animal shelters
Problems of people with disabilities
Energy conservation

Generation of energy

Power distribution

Help for baby-care
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For the presentation of problem scenarios, participants suggested several ways such
as making a video on the scenario, asking students their own problem status,

encouraging students to dream problem status, and use of inquiry methods.

The low motivation level of students was one of the threats of the activities according
to results of analysis of the current status in the implementation school. Therefore, a
question was asked to the participants addressing this problem. One of the
participants suggested starting a project which was suitable for the students' interests
at the beginning of implementation. According to another participant, awareness
should have been created first, and the intervention should have been endeared with
some methods such as gamification. The introduction of competition organizations
for the activities to the students, exhibition of the products and small rewards could
be the ways to overcome this threat for the other participants. The other ways
suggested were to let all the students have the feeling of success, according to the

last participant.

The state of the readiness of students in science subjects was another possible
problem that could be faced during the intervention. One participant stated that there
would not be any problem about readiness since the students already studied these
subjects recently in the 5 grade. However, the related subject should have been
waited in Science Course before the impelemtation of activities, according to another
participant. A test could be utilized in order to decide the state of the readiness on
the subject. The problem statement of the activities could be given as homework
assignments to the students which require them to make an inquiry before the course

hours, according to the last participant.

As one of the results of analysis of the current status, the activities should be
appropriate for the students’ cognitive levels. The participants suggested the

followings to make activities into the appropriate cognitive level for the students:
e To explain the topic again and again

e To use clear and short sentences
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e To expect to type the instructions by students or give these instructions in a

printed format
e To make abstract concepts into a concrete format
e To give activities with video supported instruction
e To spend more time
e To care for students individually
e To increase the count of the games during the activities

To reduce the extra workload of activities, they can be organized as group works
according to one of the participants. A mentor-student can be assigned to the groups,
and peer learning can be provided. The next participant claimed that the instructor
should work hard and prepare him/herself very well before the course hours.

However, the last one thought that there would not be any extra workload.

According to another current status analysis result, the course duration could not be
enough for the activities. The participants suggested to assign the students homework

and arrange extra working hours after school time such as studios or training times.

In conclusion, the appropriateness of the grade level of the students is crucial for the
activities since some administrative problems can be encountered during the process,
especially at the eighth-grade level in middle schools. The choice of the subject
should be based on the equipment of the robot kits. According to results, the types
of equipment on the robot Kits are proper for physic subjects, specifically for the
subjects as heat and temp, light, sound, and friction force. Therefore, these subjects
may be covered in the activities. Additionally, socio-scientific topics such as
environmental education, savings, and renewable energy were suggested for the
activities by the practitioners. The teachers also indicated environmental problems
such as pollution and problems in animal shelters, issues about the people with
disabilities and baby-care, energy conservation and generation, and distribution of

energy as real-life problems in conjunction with the subjects. The inquiry method
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can be used for the presentation of these problem scenarios. Students can imagine

the situation in this way, or a video can be used at the beginning of the activities.

A test on the selected subjects can be utilized to assess the readiness of students
before the activities. Since the students have found the robotic tools very interesting,
their interest can be utilized during the activities for motivation. However, the
number of the robot kits should be taken into consideration to give students an equal
chance to use the materials. During the activities, some technical problems can be
encountered, but a technically equipped teacher may be enough to overcome these
problems. To decrease the extra workload of activities, they should be implemented
as group works. A mentor student in these activities can guide group mates, which
will reduce the extra workload of the teacher who should work hard during the

activities and prepare him/herself very well before the activities.

Additionally, explanations should be clear enough during the activities. The video
supported or game supported instruction can be utilized to make abstract subjects
concrete. There may be a need of dealing with students individually to make the
activities into the appropriate cognitive level of students. The extra working hours
should be given for the students since they need extra time apart from the course

hours.

4.1.2.2  Preparation of Activity Sheets

The researcher developed the activity sheet, aiming to promote students to follow a
problem-solving process during the activities. The development started with the
literature review mainly on the problem-solving. Accordingly, this activity sheet
contained sections that represented both the general problem and solving processes

of ill-structured problems.

To give more details, this activity sheet presented a problem statement at the top of
it. A problem scenario that represented a real-life ill-structured problem would be in

this part of the sheet. The first and second sections of it contained trigger questions
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that were related to the student’s understanding of the problem statement. Learners
could articulate their problem space and contextual constraints here, and they could
need to take some notes about the problem near to the trigger questions. The third
section of the sheet contained a fishbone. In this part, the main reason and sub reasons
were asked to the students. Students could identify alternative perspectives of the
problem statement with the help of this section, and they might construct multiple
problem spaces. The next section asked the students about possible problem
solutions. They needed to type their solutions in this section and assessed their
solution alternatives. In the fifth, sixth, and seventh sections, the requirements to
implement the solutions were asked. Notably, the general requirements were asked
in the fifth section, and required sensors and activators on the robotic kit were asked
in sixth and seventh parts. By selecting these, students would have the chance to
monitor their problem spaces by reflecting on what they knew about it. In the
implementation part, they needed to draw the flowchart of the programming. The
last section of the sheet asked the students’ predictions about the solution. They had
the chance to monitor their solutions by predicting the results. A note about going on

the programming robots on the computers was presented at the end of the sheet.

Two experts in the field examined the sheet and made a number of changes on it. In
addition, a new section for the selected solution was revealed as a need during the
implementation process, and this section was added between the fourth and fifth

sections. The final version of it is presented in Appendix K.

4.1.2.3  Preparation of Activity Scenarios

The first version of problem scenarios was developed in a focus group meeting
including the researcher himself as well as an expert in science and teachers who
were working at the middle school level. The demographic information of the
participants of this focus group meeting is given in Table 4.4. According to the
demographic information gathered from the participants, one of the participants was

a male science teacher and 35 years old with 11 years of professional experience. In
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addition, an expert from the field of science participated in the meeting who was
female and 29 years old with seven years of professional experience in the field. The
remaining participants were males. One of them was 31 years old and has been
working as an IT teacher for eight years. The other one was the researcher himself
who has been working as a research assistant in the field of IT for eight years.

Table 4.4 Demographic Information of the Participants in Draft Activity
Preparation Meeting

Professional

Participants Gender Age Field ]
Experience/Year

Instructional

A Male 33 8
Technology
Instructional

B Male 31 8
Technology

Male 35 Science 11

D Female 29 Science 7

The first aim of this meeting was to develop the activity scenarios based on the
suggestions of the experts in the previous phase. These suggestions were presented
during the meeting. Additionally, the activity sheet was also introduced to the focus
group members. Seven draft activity scenarios were developed during this meeting
including subjects in Science and IT Courses, objectives in both courses, activity
name, proposed problem scenario, and required equipment. The researcher noted the
details of scenarios on a form during the interview. While one of the filled forms was
given in Appendix E, the features of the scenarios were presented below separately.

Activity-1
= Activity Name: Lifeguard Robot

= Science Subject: Physical Events
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= Unit and Sub-Subject: Propagation of Light, Incoming Beam, Reflected

Beam, Surface Normal
= IT Subject: Problem Solving, Programming

= Scenario: People sunbathing on the beach are damaged and they get
various diseases when the angle of arrival of the sun's rays gets steep. Is it
possible to design a robot that can help people in this situation?

= Equipment: Deck chair model, cardboard, doll, electric torch
Activity-2

= Activity Name: Scavenger robot

= Science Subject: Creatures and Life

= Unit and Sub-Subject: Human and Environment, Environmental Pollution,
Environmental Protection and Beautification, Human-Environment

Interaction, Local and Global Environmental Problems
= IT Subject: Problem Solving, Programming

= Scenario: Trash cans emit too many germs to their environment, which

discomforts us too much. How can robots help us with this problem?
= Equipment: Cardboard, rubbish
Activity-3
= Activity Name: Savior robot
= Science Subject: Creatures and Life

= Unit and Sub-Subject: Human and Environment, Disruptive Nature

Events and Protection

= IT Subject: Problem Solving, Programming
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= Scenario: We know that people with disabilities have difficulty in natural

disasters. How do robots help people with disabilities in natural disasters?
= Equipment: Cardboard, doll
Activity-4
= Activity Name: Robot factory
= Science Subject: Physical Events

= Unit and Sub-Subject: Measurement of Force and Friction, Applications
of Friction Force on Slippery and Rough Surfaces, Applications of Friction
Force in Daily Life

= IT Subject: Problem Solving, Programming

= Scenario: It is imagined that the students work in the robot factory. What

can we do to make robots move on slippery surfaces?
= Equipment: Different floors, material for differentiation of wheels
Activity-5
= Activity Name: Robots Cleaning Lakes
= Science Subject: Creatures and Life

= Unit and Sub-Subject: Human and Environment, Environmental Pollution,
Environmental Protection and Beautification, Human-Environment

Interaction, Local and Global Environmental Problems
= IT Subject: Problem Solving, Programming
= Scenario: What robots can do to clean distant lakes?

= Equipment: Bucket, bowl, rubbish
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Activity-6
= Activity Name: Waste Separation Robot

= Science Subject: Creatures and Life

= Unit and Sub-Subject: Human and Environment, Environmental Pollution,
Environmental Protection and Beautification, Human-Environment

Interaction, Local and Global Environmental Problems
= IT Subject: Problem Solving, Programming

= Scenario: In schools, garbage is usually thrown into the boxes prepared to
collect papers, which damages the previously disposed of wastes and makes

the separation work difficult. How can these robots help us?
= Equipment: Paper, cardboard, glue, handcrafted paper, rubbish
Activity-7
= Activity Name: Robotic Solar Panels
= Science Subject: Physical Events

= Unit and Sub-Subject: Propagation of Light, Smooth Reflection, Incoming

Beam, Reflected Beam, Surface Normal
= IT Subject: Problem Solving, Programming

= Scenario: The solar panels should be placed in the best area of the

mountain points. What can robots do to get more energy from these panels?

= Equipment: Solar panel, cardboard, flashlight

In a meeting, these seven activity scenarios were reviewed and upgraded by an expert
in the field of IT. These upgrades were mainly on the statements of problem
scenarios, and contained real-life problem narratives. The taken notes about the
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scenarios in this meeting were applied to the activity sheets by the researcher before

the assessment of these scenarios.

4.1.2.4  Assessment of Activity Scenarios

The activity scenarios with related subject names and the objectives of the subjects
were presented in a form to four field experts who were different from the developer
group. The demographic information of these participants is presented in Table 4.5.
They reviewed the scenarios with the help of an instrument called “Problem Scenario
Evaluation Form” (please see Appendix F). This form was developed by the
researcher and consisted of two sections that contain items about the general
characteristics and structured level of the problem scenarios, respectively. The data
were obtained via a five-point Likert-type scale in which the reviewers could set their
preferences by giving numbers from 1 (totally disagree) to 5 (totally agree).

Table 4.5 Demographic Information of the Participants in Phase of Evaluation of
Problem Scenarios Phase

Professional

Participants Gender Age Field .
Experience/Year

A Female 33 Science 12
Instructional

B Male 35 6
Technology

C Male 36 Science 10
Instructional

D Male 32 8
Technology

According to data provided in Table 4.5, only one of the participants was a 33-years-
old female and the most experienced participant with twelve years in the field of
science (Participant A). The second most experienced participant was in the same
field, and he was 36 years oldwith ten years of experience (Participant C). The

remaining participants were both males whose ages were 35 (Participant B) and 32
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years old (Participant D). They had six years and ten years of experience in the field

of IT, respectively.

The results of the evaluation of activity scenarios for the first part of the evaluation

form and the general characteristics of problem scenarios are presented in Table 4.6.

The averages of the participants' responses to the five-point Likert type scale were

demonstrated in this table as the item basis. The totals of the averages were also

displayed for each activity.

Table 4.6 Results of Evaluation of Activity Scenarios for General Characteristics

Arguments Activities:

Al

A2

Average Points

A3

Ad

A5

A6

AT

Item 1: The problem scenario is presented in
an understandable way.

“Problem senaryosu anlagilir bir gekilde
sunulmugtur.”

5.00

4.00

4.50

4.25

3.75

4.25

4.00

Item 2: The problem scenario is consistent
with the subject.

“Problem senaryosu belirtilen konu ile
uyumludur.”

4.25

4.25

4.50

4.00

4.00

4.00

4.50

Item 3: The problem scenario is consistent
with the cognitive level of the student group.

“Problem senaryosu 6grenci grubunun
bilissel seviyesine uygundur.”

4.75

4.50

4.00

4.50

4.00

4.00

4.00

Item 4: The problem scenario is suitable for
the specified learning outcomes.

“Problem senaryosu belirtilen dgrenme
ciktilari i¢in uygundur.”

4.25

4.75

4.00

4.00

4.00

4.00

4.50

Total of Averages:

18.30

17.50

17.00

16.80

15.80

16.30

17.00

The results of total averages of whole items in the general characteristics show that
the highest score belonged to Activity-1 (=18.30) whereas the Activity-5 (=15.80)

had the lowest average scores. Activity-2's total score was 17.50, and the total scores

of Activity-3 and Acivity-7 were equal (=17.00). Activity-4 had a total average score

of 16.80 while Activity-6 had the second-lowest total average score (=16.30).
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When the results were examined through item bases, Activity-1’s scenario was found
as presented in the most understandable way (=5.00), and the scenario of Activity-5
had the lowest score on the presentation method (=3.75). For the second item of the
evaluation form which was about the consistency of the problem scenario with the
subject in science and instructional technology, Activity-3 and Activity-7 had the
highest score (=4.50) whereas Activity-4, 5 and 6 had the lowest score (=4.00).
Activity-1 was found as the most consistent scenario with the cognitive level of
students (=4.75) while Activity-3,5,6,7 had the lowest scores on this item (=4.00).
According to item 4 of the evaluation form, the most suitable activity scenario for
the specified learning outcomes was found as Activity-2 (=4.75), and the lowest
scores on the item for the specified learning outcomes belonged to Activity-3,4,5,6
(=4.00).

The researcher analyzed the second part of the evaluation form to determine the
structural level of activity scenarios. The results of this analysis are presented in
Table 4.7. This part of the form consisted of two divisions: “nature of the structure
of the problem” and “nature of task environment”, respectively. The items of 5,6,7,8
and 9 were all related to the nature of the structure of the problem while the

remaining items were about the nature of the task environment.

Table 4.7 Results of Evaluation of Activity Scenarios Structure Level

Average Points
Arguments Activities: Al A2 A3 A4 A5 A6 A7

According to the problem scenario...

Item 5: the problem status is presented
superficially.

350 375 400 400 4.00 4.00 450
“problem durumu yiizeysel olarak

sunulmugtur.”

Item 6: the goal is presented
superficially.

350 400 400 425 350 350 450
“problemde hedeflenen yiizeysel olarak

sunulmugtur.”

Nature of the Structure

Item 7: in order to create the solution,

the problem status and/or the targeted 475 475 450 450 450 450 450
situation must be interpreted.
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Table 4.7 (cont’d)

“coziimii olusturmak i¢in problem
durumu ve/veya hedeflenen durumun
yorumlanmas: gerekmektedir”

Item 8: the number of transactions and
processes that can be applied to solve the
problem is not exactly certain.

“problemin ¢oziimii i¢in uygulanabilecek
islem ve siireglerin sayisi tam olarak
belli degildir.”

3.75

4.50

4.50

4.50

4.00

4.00

4.50

Item 9: there is no exact conversion
function (formula, operation, rule, etc.)
that can be applied to solve the problem.

“problemin ¢oziimii i¢in uygulanabilecek
kesin bir doniistiirme iglevi (Formiil,
islem, kural vs) yoktur.”

3.50

4.00

3.75

3.00

4.50

4.00

4.50

Nature of Task Environment

Item 10: the problem status is presented
in a realistic context.

“problem durumu gergekgi bir baglam
icerisinde sunulmustur.”

4.50

4.50

4.25

4.00

4.00

4.00

4.50

Item 11: there is a need to use context to
solve the problem.

“problemin ¢oziimii i¢in baglamin
kullanilmasna ihtiyag vardir.”

4.50

4.25

4.00

4.00

4.00

4.50

4.00

Item 12: issues of which data will be
used and how they will be organized to
solve the problem are not clear.

“problemin ¢oziimii i¢in hangi verilerin
kullanilacagi ve bunlarin nasil organize
edilecegi konulari net degildir.”

3.75

3.75

3.50

3.50

4.50

4.00

4.50

Item 13: information from multiple
fields is needed to solve the problem.

“problemin ¢oziilebilmesi i¢in birden
fazla alan bilgisine ihtiyag vardwr.”

4.25

4.25

4.50

4.00

4.00

4.50

4.00

Item 14: There is no single solution to
the problem. Various solutions can be
used to solve the problem.

“problemin tek bir ¢oziimii
bulunmamaktadir. Problemi ¢ézebilmek
icin ¢egitli ¢oziim yollar: kullanilabilir.”

4.75

4.25

4.50

4.50

4.00

3.75

4.00

Item 15: In order to evaluate the solution
of the problem, multiple criteria should
be examined.

“problemin ¢oziimiinii
degerlendirebilmek icin birden ¢ok
ol¢iitiin incelenmesine ihtiyag vardir.’

>

4.75

4.25

4.50

4.50

4.00

4.50

4.50

Total of Averages:

45.50

46.25

46.00 44.75

45

45.25

48.00
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The total averages for all the items in this part were calculated. According to this
analysis, the highest score for the total averages of belonged to Activity-7 (=48.00)
whereas the lowest one belonged to the Activity-4 (=44.75). This result indicated the
structure level of activities. Therefore, it was concluded that the most ill-structured
activity was Activity-7 (=48.00) while the most structured one was Activity-4
(=44.75). The remaining activities were sprinkled between these activities. The
structure level of each activity was illustrated in a continuum that represents the

typology continuum of problem-solving (Jonassen, 2010, p.25) in Figure 4-1.
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Robot Factory
Robots Cleaning Lakes
Waste Separation Robot
Lifeguard Robot
Savior Robot
Scavenger Robot
Robotic Solar Panels

Figure 4-1 Structure Level Continuum of Activity Scenarios

When the results were examined through item bases, based on the responses of the
experts to item 5 for the nature of the structure of the problem, the most superficial
problem status belonged to Activity-7 (=4.50) while the least superficial problem
status was on the Activity-1 (=3.50). In the same vein, responses to the item 6
indicated that the most superficial goal was presented in Activity-7 (=4.50) while the
least superficial goal belonged to the Activity-1 (=3.50). According to the experts,
in order to create the solution, the problem status and/or the targeted situation must
have been interpreted (item 7) in all the activities. However, the mean of responses
was more than others for Activity-1 and 2 (=4.75). For item 8, the most indefinite
number of transactions and processes that could be applied to solve the problem was
in the scenario of Activity-2,3,4, and 7 (=4.50) while the most certain number of

transactions and processes were on the scenario of Activity-1 (=3.75). In item 9, the
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argument was that “there is no exact conversion function (formula, operation, rule,
etc.) that can be applied to solve the problem”. According to the experts, the Activity-
5 and 7 were the most compatible activities (=4.50) in line with that statement while
Activity-1 was the least one (=3.50).

The remaining items of this part were all about the nature of the task environment.
According to expert views, the problem status of Activity-1, 2, and 7 were presented
in the most realistic context (=4.50) while in Activity-4,5, and 6 as the least realistic
context (=4.00) based on the answers on item 10. The need for the context was asked
in item 11. The mean of Activity-1 and 6 were the most (=4.50) and for Activity-3,
4, and 5 (=4.00) was the least. In item 12, the clarity of the issues regarding which
data would be used and how they would be organized to solve the problem was
examined. According to responses, the Activity-5 and 7 were the most unclear
activities (=4.50) while the Activity-3 and 4 were the clearest ones (=3.50). The
argument of “information from multiple fields is needed to solve the problem” was
given item 13. The experts’ responses showed that they mostly reached an
agreement on this statement for Activity-3 and 6 (=4.00) whereas it was the least for
the Activity-4, 5, and 7 (=4.50). For the item 14, the participants of the analysis
thought that the Activity-1 had the most various solutions (=4.75) while Activity-6
had the least (=3.75). For the evaluation of the solution to the problem, the majority
of criteria were asked in item 15. According to responses, experts had the highest
level of agreement on the statement for Activity-1(=4.75) while there was the lowest

level of agreement for activity-5 (=4.00).

Since the number of activities is too much for the implementation, a selection
between the activity scenario was foreseen so some of them were eliminated based
on several criteria. Activity scenarios' comparison was made based on the criteria of
related subject distribution, general score, and structure level score of activity

scenario. Table 4.8 illustrated the information of activities based on these criteria.
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Table 4.8 Activity Scenarios' Comparison

No Activity Name Subject Gseéﬁc;errsl Stg‘égtrlére
1 Lifeguard Robot Propagation of Light 18.30 45.50

2 Scavenger Robot Environmental Pollution 17.50 46.25

3 Savior Robot Disruptive Nature Events 17.00 46.00

4 Robot Factory Force and Friction 16.80 44.75

5 Robots Cleaning Lakes Environmental Pollution 15.80 45.00

6 Waste Separation Robot Environmental Pollution 16.30 45.25

7 Robotic Solar Panels Propagation of Light 17.00 48.00

Since the Activity-1 (Lifeguard Robot) and Activity-7 (Robotic Solar Panels) were
related to the same subject of propagation of light, the general score and the structure
level scores of these activity scenarios were compared. The Activity-7 has a lower
general score than the first activity. Its structure level score is also extremely
different from other activities because its' interval score between the closest activity
(Activity-2) is notably higher than the average interval score (0.54). Therefore, the

Activity-7 (Robotic Solar Panels) was excluded from the study.

When the subject distribution was examined among the activity scenarios, the subject
of Activity-2 (Scavenger Robot), Activity-5 (Robots Cleaning Lakes), and Activity-
6 (Waste Separation Robot) were all related to the same subject as environmental
pollution. The structure level score of these activities was used in elimination since
Activity-5's and Activity-6's structure level scores were very close to each other as
45.00 and 45.25, respectively. Likewise, the structure level score of Activity-2
(46.25) did not exceed the interval score (0.54) between the closest score belonging
to Activity-3 (46.00). Therefore, the general scores were compared between these
activities. Since the general score of Activity-5 (15.80) and Activity-6(16.30) were
the lowest general scores in the distribution and lower than the general score of

Activity-2 (17.50), both activities were excluded from the implementation.
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The sequence of the selected activities for the implementation was aligned,
considering the structure level scores of the scenarios. Based on the data gathered
from the Problem Scenario Evaluation Form, that the Activity-4 (Robot Factory) had
the lowest structure level score (44.75) meant that it had the most structured problem
scenario. In the second-order, the Activity-1 (Lifeguard Robot) was set, since its'
scenario structure level score was 45.50. Activity-3 (Savior Robot) was the scenario
whose structure level score was 46.00 and located in the third-order. The last activity
was set as Activity-2 (Scavenger Robot) in the implementation sequence. The order
of selected activities in the implementation is presented in Figure 4-2. The consensus
was also ensured with an expert in the field and the teacher of the course on the

decision of both the choice and the sequence of the activities for the confirmation.

Activity 4 Activity 1 A Activity 2
Robot Lifeguard S Q?é';’ g)(l)got Scavenger
Factory Robot Robot

Figure 4-2 Sequence of Selected Activities for the Implementation

4.2 Observation Before Activities

Before the implementation of the activities, the researcher observed the target group
in the classroom environment to gather information about the characteristics of the
target group and learning environment. Another aim of this observation was to get
familiar with students since both the implementation itself and the researcher were
novel for the target group and the teacher. Therefore, the observation was conducted
at the schools before the first and the second cycles of the study. The researcher typed
the data gathered from the observations at just in time of the observation itself. The
data were transcribed after the observation and analyzed based on the three stages of
the course, which was determined after the second week of the observation as
beginning, activity, and closure parts. The duration of the observations was six weeks

for the first cycle and four weeks for the second cycle of the study.
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Based on the first cycle observation, for the beginning part of the courses, it was
observed that students took their responsibility. Most of them did their homework
and research before they came to the lessons. Lessons usually started with reminders
of previous subjects and continued with informing of the objectives. The relationship
between the previous subjects and the recent objectives was also established via the
use of the question and answer method. The teacher was willing to use real-life
examples to get students’ attention to the subject, and the students usually reacted to

these examples positively.

In the activity part of the lesson, it was observed that students knew the general
problem-solving stages. When the teacher asked them, they could easily imagine the
problem situation. They could argue several alternatives and creative solutions to the
problem while they were using the fishbone technique. In several parts of the
activities, the teacher preferred to use brainstorming to trigger students’
argumentation skills. The use of the resources in the classroom was high whereas the
utilization of group working was low. Students usually worked individually in
activities but they were active in the activity process and willing to ask questions to

the teacher.

In the closure part of the lesson, the summary of the subject was done with the
students via the use of the question-answer method. If the activity was not finished
until the bell rings, the homework would have been given to the students for
following week. However, the bell was a critical stimulant since students did not

usually wait for anything when it ringed once.

For the second cycle, it was observed that the previous subjects were reminded to
the students at the beginning part of the lesson. The relations of subjects of robotics
were constructed in this part of the lesson with the help of visual materials. Most of
the students were willing to watch the subject related videos, and the robotic pieces
were also getting their attention quickly. They were also feeling free to ask questions

to the teacher.
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In the activity part, the researcher observed that students were getting hard when they
worked individually. However, they were familiar with working in groups, and they
got help from their peers or the teacher when they faced a problem. The teacher
usually presented a problem to the students, and they were capable of conducting the
right processes to solve that problem. Similarly, the teacher usually utilized real-life
examples and the question-answer method to teach the subject. In some parts of the
lesson, the presentation method was also employed for the subject of the main usage
and the alternative usage of the robotic pieces.

At the closure of the lesson, the subject was summarized. The students moved fast
to empty the classroom when the bell rang since they needed to walk up to the other
floor for the next lesson.

4.3 Modifications on Activities

After observing the learning environments of the implementation in both cycles, the
activities began to take place with different schools. There were several changes on
the activities during these cycles. These modifications began with the first activity
and continued throughout the entire process. These modifications, based on the
interviews with the participants, researcher’s observations and video recordings,
were applied in two different ways and identified as instant and long-term
modifications. The instant modifications were mostly the changes during
applications of the activities which should have been taken into the consideration for
the following activities within the implementation of the cycles. These changes were
immediate decisions during the application of the activities and applied with the
consensus of the researcher with the teacher. In contrast, the long-term changes were
the modifications of the activity that were applied in the same activity in the next
cycle or the changes that concerned all of the activities. These modifications were
based on the analysis of the first cycle data collected from interviews with
participants and video recordings. Changes were applied to the related activity

directy or the entire process of the second cycle after discussion with the teacher and
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getting approval from an expert in the field. All modifications in the process were

represented in Figure 4-3 and summarized in Table 4.9.

Cycle-1 Cycle-2

!

“ Instant ¥
Modifications

Modifications

Long-term
Modifications

Figure 4-3 Representation of Modifications on Activities

According to data provided in Table 4.9, instant modifications of the activities were
summarized on the basis of cycles of the implementation. In detail, instant changes
in the auxiliary materials, the use of video, the distribution of stationery materials,
teaching aids and group changes were required and applied during the first cycle of
the implementation. Similarly, the need for an appropriate learning environment,
adding another part to activity sheet, and giving homework to the students emerged
during implementation of activities in the second cycle. In contrast to these instant
modifications, a number of long-term modifications was considered between the
cycles of the implementation. Among them, contextual modifications included the
changes applied to the level of noise, competitive interactions between groups and
duration of activities. The procedural modifications were the changes applied to the
issues of the grouping method, the presentation of product, and the decrease in the
participation of the activities. Some changes were also made on the evaluation
problem in activities and pre-requirements of the activities, which were identified as

instructional modifications. Similarly, resource-related modifications such as the
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change in activity sheet parts and stationery materials were also adopted like

technical modifications on robotic pieces between cycles of the implementation.

Table 4.9 Summary of Modifications on Activities During the Implementation

Process
Modification e L .
odificatio Modification Source Subject of Change
Type
o Auxiliary materials
n e Use of video
s
= Cycle-1 Instant Modifications o Distribution of stationery materials
[&]
= e Teaching Aids for sensors and activators
©
§ e Group change
<
g o Use of suitable learning environment
(=
- Cycle-2 Instant Modifications o Additional part to activity sheet
e Homework as an alternative road
o Level of noise
Contextual Modifications o Competition between groups
e Duration of activity
wn
=
£ e Grouping method
1]
:% Procedural Modifications o Presentation of product
©
§ o Decrease in attendance
IS .
5 ) - ¢ Evaluation problem
— Instructional Modifications
> e Pre-requirements
s
- .
o Activity sheet parts
Resource-Related Modifications
o Stationery materials
Technical Modifications o Robot pieces
43.1 Instant Modifications

Instant modifications of the activities were elaborated on the basis of cycles of the

implementation process below.
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4.3.1.1  Cycle-1 Instant Modifications

Auxiliary Materials: Before the activities, the teacher had preferred to give the
students robot kits with all the parts attached to each other. In contrast, the students
received these Kits separately for the first time during the first activity. While the
students were combining these parts there, it was seen that the wires of many parts
of the robot were broken easily. This problem was verbalized by both the students
and the teacher at the end of this early activity. Therefore, in order to fix broken

wires, the second activity was started with a soldering machine as auxiliary material.

Use of video: Another instant change took place in relation to the utilization of the
video case at the beginning of the activity. A teacher expressed a need for a video
after the first activity in the first cycle. According to him, some of the students had
problems in understanding the problem statement in the first activity. Therefore,
video cases compatible with the problem scenario were created by the researcher in
order to draw the attention of the students to the problem statement and make the
problem situation clearer for them. Moreover, these videos were reviewed by the
teacher before being presented to the students and included in the process after his

approval in the remaining activities.

Distribution of Stationery Materials: The method of the delivery of stationery
materials was changed several times throughout the implementation process. The
first of them was in the form of the distribution to the students at the beginning of
first activity. However, the time was wasted and at the same time the students'
interests mostly shifted to these materials in this early form. In the second form, the
students were able to access these materials at the beginning of the production phase
of the activities. In this new form in the second activity, the order of priority caused
another problem. Therefore, as a final form, the students could see these products at
the beginning of the activities, but the process of obtaining them was determined

according to the lot in the production stage.

132



Teaching Aids for Sensors and Activators: After the second activity of the first
cycle, the teacher reported that the students did not remember the robot parts
correctly and there were lots of questions about these parts, specifically about the
sensors and activators. In order to reduce the workload of the teacher at this point, a
reminder material that students could use was prepared and got ready on the
smartboard. This material giving information about the shape of the sensors and the
activators as well as the connection points on the robot was frequently used by the

students during the remaining activities.

Group Change: Due to the approaching end of the semester, the number of students
participating in the activity decreased significantly in the third activity during the
first cycle. Students who previously attended activities with their own groups were
informed that they could change their groups in this activity. Since the number of
students decreased in the last activity, some groups had to be re-created in this

activity.

43.1.2  Cycle-2 Instant Modifications

In the second cycle, a classroom change took place for some students in the
classroom of male students. Although five students from another class were placed
in groups as a replacement for the outgoing students in the second activity,
disagreements were observed in groups in the next activity. Thus, group changes

were made here as in the first cycle.

Use of Suitable Learning Environment: The laboratory where the activities were
planned to be conducted contained two long tables in the second cycle. The students
set in groups around these two tables there. However, they were not very appropriate
for the group works especially for the groups of four members. A need for a suitable
learning environment was observed by the researcher during the first activity, and it
was also expressed by the teacher during the interview of this activity. Then, a

meeting was arranged with the school administration to find a suitable classroom for
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the activities. After this meeting, the activity sheet was started to be filled in the
school's library since it did not require any additional equipment. This learning place
consisted of adjustable tables and chairs so that in this area, which was arranged
according to the groups, the students could fill the activity papers with the
contribution of all the group members comfortably. The laboratory was used in other
parts of the activity because students needed the equipments such as computers in

the programming and design phases of the activities.

Additional Part to Activity Sheet: The students were asked for their solution
proposals to the ill-structured problems with a part on the activity sheet. However,
they needed to choose one of them and created their flowcharts in conjunction with
this selected proposal in the next part of the activity sheet. During the early activities
in the second cycle, some students were observed that they had problems about
focusing on the selected proposal. Furthermore, it was also observed that some of
these students continued the activity by dividing the proposal section on the activity
sheet into two sections and detailing their solutions there. Based on these
observations, an additional part for students’ solution proposal choice and further
details about it was added on the activity sheet during the remaining activities in this

cycle.

Homework as an Alternative Road: The last activity in the second cycle was
scheduled for the last two weeks of the semester. However, an administrator came
to the classroom during this activity and announced the immediate necessity of
implementation of a pilot test that launched all over the country simultaneously. For
this reason, the activity could not start at its exact time so the students were given an
assignment to fill the first part of the activity sheet until the following week to

complete the activity on time.
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4.3.2 Long-Term Modifications

Several long-term modifications were carried out between the cycles of the
implementation. These modifications were identified as contextual, procedural,
instructional, technical and recourse related modifications. The details of these

modifications were given below.

43.2.1 Contextual Modifications

Level of Noise: Since the context of the activities required intra-group and inter-
group interactions, and the students were quite young, there was too much noise
during the implementation of the activities in the first cycle. It was observed that the
teacher and the students made various warnings to prevent the noise during the
activities in all phases. One of the students expressed the difficulties due to the noise
that they faced while filling the activity sheet in the first phase as follows:

Al FG1_S2: For example, when you first gave the activity, some of our
friends read twice because we did not understand anything due to the noise.
So, I did not like this side of my friends.

Al_FG1_S2: [k verdiginizde yaptigimizda Mesela biz bazi mesela
arkadagimizin iki defa okudugu zaman oldu ¢iinkii giiriiltiiden hi¢bir sey

anlamiyorduk. O yiizden arkadaslarimizin bu yoniinii begenmemigstim.

According to the results of the discussions with the expert and the teacher,
unfortunately, there was not much to be done for this constantly ongoing noise
situation apart from the increase of the targeted warnings. Thus, a rule was added to
the activity prescriptions (please refer to Appendix N) prepared for the second cycle
of the implementation. This rule, presented as the first rule of the activities, was as
exactly as in the following:
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“We must be quiet during group work. We should keep our voice at a level
not to disturb our other classmates while talking in the group and with

other groups.”

“Grup ¢alismasi sirasinda sessiz olmaliyiz. Grup icinde ve diger gruplarla
konusurken sesimizi diger sinif arkadaslarimizi rahatsiz etmeyecek diizeyde

)

tutmaliyiz.’

Competition between Groups: It was observed that they were in a race with other
groups while they were working. In the activities separated into phases, this race was
seen in the completion of that phase and continued with the desire to move to the
next section before the others. The perception of this sense of competition resulted

in demoralization in other groups, which was expressed by the teacher as follows:

Al T: There were some students who thought that they could not do the
task on time by looking at other groups. They told me that their friends had
finished the task but they were left behind. Then, they said the others went
to the coding part so they would not complete the task in time since they

were still in the fishbone part.

Al _T: Simdi soyle 6grencilerin diger gruplara
bakarakyetistiremeyeceklerini diistinen ogrenciler oldular, Bunu bana
soylediler. Hocam biz geri kaldik, diger arkadaslar iste bitirdiler, kodlama
kismina gegtiler. Biz daha balik kil¢igindayiz seklinde, hani

vetistirmeyeceklerini soylediler.

In addition to that, as a result of the sense of competition between the groups, the

demoralization was expressed by a student as in the following:

Al FG1_S1: Teacher, | was also tired of this: My friends came and told us
that we could not make it, we did the same thing or ours was not

appropriate. It happened so much.

Al FG1_S1: Hocam ben bir de sunlardan yoruldum arkadaglarim gelip

bize sen yapamadin, sen aynisini yaptin, bu olmaz. Oyle ¢ok oldu.
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For this contextual problem, the teacher made the necessary warning to the affected

groups as follows:

Al T: I told them this was not a competition, there was no such thing as a
reward at the end, and we did not choose the first or the second after all. - |
said they did it right and were on the right track, and - they could bring it to
the end of the lesson. | stated that being ahead of their friends would not
create a negative situation for them becausel received such a feedback from
1-2 groups in that group. In these groups, they already caught up with other

friends and completed the activity like others.

Al_T: Ben onlara bu bir yarisma degil, sonunda odiil gibi bir sey

yok, birinciyi, ikinciyi falan se¢miyoruz. Sizlerde gayet iyi gidiyorsunuz,
dogru yoldasiniz, dogru yaptiklarini soyledim ve dersin siiresi sonuna kadar
da getirebileceklerini soyledim. Arkadaglarinin 6nde olmasinin onlar
acgisindan olumsuz bir durum olusturmayacagini belirttim ki o grupta, 1-2
gruptan béyle bir doniit aldim. Ogruplarda da zaten sonradan diger

arkadaglarina yetistiler, onlar gibi etkinligi tamamladilar.

However, it has been discussed that a solution must be found for the groups causing
it since the main source of the problem is not the affected groups. For this reason, an
item was added to the activity prescriptions to prevent these behaviors that would
adversely affect other groups during the activities.

Duration: The students were given four class hours for each activity in the first
cycle. However, some of them complained about the insufficiency of the time given
to finish. Especially in the production phase, it was observed that the students moved
quickly to complete their product. The excerpt of S2 below implied the time-

consuming aspect of this phase of the third activity.

A3 _FG1_S2: There is a wall. We made a bed and a pillow. Half of the time

was gone already while we were making the bed.
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A3_FG1_S2: Duvar var, bu var. Biz yatak yaptik, yastik yaptik. Zaten
yvatagi yaparken vaktin yarisi gitti.

Both the expert and the teacher agreed that additional time was needed for this phase
of the activity. Therefore, the students in the second cycle were given six hours
totally to complete the whole activity. While speaking of the duration of the activity,
the teacher also brought to agenda that the students rushed into the creation of
products without completing their programming of robots. In order to remove this
situation, it was thought that the phases of activity should have been separated
periodically within the total six hours. Accordingly, it was decided that the students
would fill the activity sheet in the first two hours of the activities in the second cycle.
Additionally, they would program the robots in the third and fourth hours. Then, it
was planned that they would complete their design of products and present it in the
last two hours. This schedule was also shared with the students in the activity

prescription at the beginning of the implementation of the second cycle.

43272 Procedural Modifications

Grouping Method: In the first cycle, the groups were formed by the students
voluntarily at the beginning of the implementation. However, there were some
problems about this type of grouping method. Several students did not want to be
teared apart from the old groups formed in previous courses. One of thestudents was

expressed this problem as such:

Al FG1_S1: Teacher, | wanted because my friends, whom | have been in
the same group in class before, did not let me join them so | was bored by
this.

Al FGI1 _S1: Hocam neden istedim ¢iinkii benim bi arkadagimlarim vardi
daha once derste birlikte oldugum da beni katmadilar ondan sonra benim

Canim stkildl.
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This totally voluntary grouping method was changed in accordance with the
recommendation of the field expert prior to the second cycle. This proposal was
intended to ensure the heterogeneity of the activity groups. The expert claimed that
groups formed in a systematic manner depending on the pre-requisites of the
activities would eliminate several grouping problems, as in the case of failure to
break up with friends. Several problems in groups during the activities would also
be avoided in this way. Therefore, the groups should have been formed according to
the results of the test on science achievement, unplugged algorithm quiz, or previous
year grades on the related courses of activities as well as a social lesson such as
Turkish. In line with this suggestion, groups were created heterogeneously at the
beginning of the second cycle. The students in two different classrooms were divided
into three groups depending on their previous year grades in Science, Information
Technologies and Software (ITS), and Turkish Courses. Based on the background
information, students’ names were printed on the different colored cards. At the
beginning of the first activity, the teacher distributed the students’ cards by name.
Based on the rule that groups had to contain all but different colors of cards, the

students formed the heterogenous groups there.

Non-involvement into groups was another grouping problem during the first activity.
The teacher reported that some students were excluded from the group work within

the groups. He expressed this unfavorable situation as follows:

Al T: I encountered minor problems during the group interaction such as
some of our students got angry with their friends, thinking that they were
not doing anything, they were not involved in the activity, or they were

ignored by others. Therefore, this situation affected us negatively.

Al_T: Bazi 6grencilerimizin Qrup etkilesimi sirasinda, arkadaglariyla
kiisme durumlarimin olmasi, hani Ben bir sey yapmiyorum gibi diigiinmeleri,
va da siirece Beni almuvyorlar, benim dediklerimi yapmiyorlar seklinde ufak
tefek bu gibi sorunlarla karsilastim. Bu hani bizi olumsuz etkileyen bir

durum oldu.
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To change this, a situation observed in the first cycle was presented to the students
as a rule in the second cycle. In fact, it was observed that the students established the
division of labor during group work in the first cycle. They expressed the underlying
reason for this division as limited time of the activity during the focus group meeting.
The determined labors were on the filling activity sheet, programming and the design
issues, according to the data analysis. These labors were presented as responsibility
to the students in activity rules at the beginning of the second cycle of the
implementation. According to this rule, one of the students in groups were
responsible for the activity sheet. This student, who was responsible for carrying and
picking up the activity sheet, would also fill the activity sheet in line with the
opinions of groupmates. The student, who was responsible for the computer, would
develop the algorithm on the computer with the help of groupmates and transfer it to
the robot. Material officer was the student who would participate in the lot for the
selection order of the materials and be responsible for the use of these materials by
taking the opinions of his group friends. Thus, it was ensured that all the group
members took over some of the responsibilities on the work and tried to prevent the

situation of exclusion from the group in the second cycle.

There was a lunch break between the course hours during the implementation of the
activities in the first cycle. In several activities, this gap between the course hours
caused a decrease in members of groups. Some students available in the morning
session did not attend the classes in the afternoon. Therefore, the groups had to
continue the production phase of the activity with the missing person. This situation
was reported by the teacher as the in the following:

A3_T: If the lesson remains in the afternoon, it creates a problem. We had
one or two students who did not able to attend in the afternoon so the
student in a group remained single. While creating the product, he had to
produce alone. Of course, the reason for it was that it was towards the end
of the year and there was no necessity of attendance. So, students were
more relaxed and they were able to take the initiative to avoid coming to
school.
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A3 T: Ama égleden sonraya dersin kalmasi séyle bir sorun. Ogldene sonra
gelemeyen yine bir iki 6grencimiz vardi hatta bir gruptaki 6grencimiz tek
kaldi. Uriin olustururken tek basina iiriin olusturmak durumunda kaldh.
Tabi bu da iste yil sonu olmasi, bundan dolayr devam devam sorunun
olmamasi, notlarimin olmamasindan dolayr 6grenciler biraz daha rahatlar

ve okula gelmeme noktasinda inisiyatif kullaniyorlar.

A rule was put in the activity prescription created for the second cycle in case a
person was missing from the group. According to this rule, the task of the person
who could not continue the activity would be taken over by other group members

and the activity would continue in this way.

Presentation of Product: During the first cycle, the students presented the product
to their teacher and to the researcher at the end of the activities. These presentations
were performed in front of the board. The groups who solved the ill-structured
problem and developed their product came to the presentation area and started to
present their work as a group. This presentation was recorded by the researcher. It
was interesting that although the other students were not particularly invited to these
presentations, lots of them were eager to come and watch their friends’ presentations.
It was observed that only the groups which could not finish yet were not interested
in these presentations. The teacher suggested that these presentations should be made
for the whole classroom during the last activity of the first cycle. However, this
change, which could not be made in that activity since the time period was not
suitable for the presentations, was applied to the activities planned more flexibly in
the second cycle. The suggestion of the teacher during the interview of the third

activity for this change was as follows:

A3_T: The students designed their products. They programmed it firstly and
then finally created the product and brought it to the presentation area.
Something can be done at the point of presenting it to the whole class. If
there is time left in the last activity, it may be better to tell the friends about
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this topic, to explain the activity to the whole class and to show that product

to the friends.

A3_T: Cocuklar iiriinlerini olusturdular, tasarladilar. Programlamasini
yvaptilar ve daha sonra da en sonunda iste tiriinii olusturup onu sunum
boliimiine getirdiler. Yani sunarken hani bir sey olarak aslinda tiim sinifa
sunma noktasinda bisey yapilabilir. Belki son etkinlikte zaman kalirsa
vapilan etkinligi tiim sinifa anlatma o tiriinii de gosterme hani ¢ocuklarin

arkadaglarina bu konuyu anlatmasi daha iyi daha etkili olabilir.

Decrease in Attendance: The number of participants, which was quite high when
the activities began, started to decrease towards the last activities in the first cycle.
The reason for this was related to the time of implementation by the teacher. To him,
this decrease was especially normal for the school where the implementation
conducted. In this school, the students usually used their rights to be absent
especially at the end of the second term. The fact that the activities coincided with
the month of Ramadan also increased this decline. This was an issue to be considered
at the beginning of the second cycle. The researcher met with the school
administration for this purpose. The administrator said that there was no such

problem in the new school and it was unnecessary to take a precaution against it.

43.2.3 Instructional Modifications

Evaluation Problem: Since the activities were performed by the students as group
works in both cycles, it was not possible to monitor the students who worked much
in that group. In detail, it was unclear which group member had that solution
decision, who were the active in the process, or whether the division of the labor
done appropriately in the group. Therefore, the assessment of the students’ progress
in activities was not easy in this cycle. This situation was expressed by the teacher
as the in the following:
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A4 _T: Who learned better? Whose idea was it or why did they accept the
idea of those friends but did not accept the others? Why was that student
dominant in that group? Why didn't they take the other's opinion? For
example, | do not know exactly those points or | do not know which students
answered the questions. Did they make a joint decision or did only one

student constantly answer the questions? | couldn't observe that episode.

A4_T: Kim daha iyi 6grendi? O fikir kimin fikvi ya da neden o
arkadaglarimin fikvini kabul ettiler de digerlerini kabul etmediler? O
ogrenci o grupta neden baskin oldu? Neden digerinin fikrini almadilar?
Mesela o noktalari tam olarak bilmiyorum ya da hangi ogrencilerin
sorulara cevap verdigini bilmiyorum. Ciinkii ortak bir karar aldilar mi ya
da sadece bir ogrenci mi siirekli sorulara cevap verdi? O boliimii

gozlemleyemedim.

The problem about the assessment of group members were tried to be surmounted in
the second cycle with the help of an instrument. The peer evaluation form (please
see in Appendix O) was developed by the researcher with the expert advice and
included items about the behaviors of the group members about the group work. The
students assessed other group members according to these phases and they secretly
brought their answers to the next activity. Thus, the contribution of the students to
the activity in the group was tried to be determined in the activities of the second

cycle.

Pre-requirements: The analysis of the first cycle data indicated that the students
needed some pre-requirements to complete the activities properly. Filling the
fishbone part of the activity to investigate the reasons of the ill-structured problem
was one of these pre-requirements. The students were given instructions to fill the
fishbone before the activities with some problems during the course time. However,
it was observed that there were forgotten points and misunderstandings about this
topic. The teacher expressed the lack in this matter as follows:
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Al T: They said whether they would fill all of the reasons in fishbone. They
found the reasons, but they couldn't understand exactly where to write, so

they could not comprehend it well.

Al _T: Fishbone’daki nedenleri oradaki kisitmlarin tamamini doldurup
doldurmayacaklarint soylediler. Nedenleri buluyorlar ama nereye

vazacaklarini tam olarak sey yapamadilar onu idrak edemediler.

In addition to what the teacher stated, one of the students reported that they had
difficulties in filling this part of the activity sheet during the focus group meeting of
the third activity.

A3 _FG2_S2: The things we did not like: there was a bit of difficulties in the
question of the fishbone, so we didn't like that a bit.

A3 FG2 S2: Hosumuza gitmeyen yonleri, bir tek su balik kil¢igi sorusunda

birazcik takilmalar oldu o yiizden orasi biraz hosumuza gitmedi.

The problem about the fishbone made it necessary to remind the subject at the
beginning of the implementation of the second cycle. Therefore, the teacher showed
a working example and reminded them of filling the fishbone at the very beginning
of the activities in this cycle.

Another problem on the pre-requisites emerged after the second activity in the first
cycle as the instance of forgetting the robot pieces. This problem was instantly solved
after this activity with a reminder presentation on those pieces. However, this
application running on smart board would not be available in the second cycle since
there was no smartboard in laboratory. Therefore, a reminder paper was prepared for
the students. This paper was distributed to students at the beginning of the
implementation and a rule saying that this paper should be kept by the students

during the activities was added to the activity prescriptions.

The lack of knowledge on different usage forms of the robotic pieces was another
problem for the activities. In fact, the different usage forms of the robotic pieces such

as wheels were one of the requirements for reaching solution suggestions in the
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activities since the activities contained the ill-structured problems. The teacher

expressed students' deficiencies in this as in the following:

A2_T: For example, the students tried to make curtains: a product made by
installing curtains on the motor, but since they see the motor connected to

the wheel constantly, there were questions about how to connect it.

A2_T: Mesela cocuklarin perde yapmaya motorun ucuna perde takmaya
calisip hani o sekilde bir tiriin olusturacaklardi ama hani motoru siirekli
tekerlege bagl gordiikleri i¢in hani o noktada hani nasil baglayacaz nasil

takacaz diye sorular geldi.

The expert suggested to show the students a video that contained the different usage
forms of the robot pieces during the course hours for the elimination of this
deficiency. Therefore, to introduce the robots to the students, a video containing
examples which showed the different uses of robot parts was demonstrated at the

beginning of the course hours.

In addition to different usage forms of the robotic pieces, the students were not able
to know the installation of the robots during the activities since they did encountered
the robotic kit as a whole during the course hours. Particularly, the students who took
this kit piece by piece during the first activity had various difficulties, so both the
teacher and the researcher were asked various questions about the installation of the

robots. The teacher explained this as follows:

Al T: I used to give the educational robots in a united way. Here, all the
parts of the robot were all scattered. | gave all of the pieces such as the
wheels, the body and the sensors to the groups in a scattered way and |
asked them to install the robot for their own solution from the very
beginning. The students in some groups, we can actually say almost all the
groups, had difficulties in particular parts such as the issues where to

connet or how to connect them.
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Al _T: Egitsel robotlari daha oncesinde ben kendim par¢alar birlesik bir
sekilde veriyordum. Burada ise tamamuyla robotun tiim par¢alar: daginik
bir sekilde idi. Tekerlegi govdesi algilayicilarin hepsini gruplara daginik
bir sekilde verdim. Ve tamamuyla en bastan robotu kendi ¢oziimiine yonelik
tasarlamalarini istedim. Ogrencilerim de hani burada baslangicta bazi
gruplar aslinda hemen hemen tiim gruplar da diyebiliriz yani nereye
baglayacak ve nasil yapacaklarint tam olarak belli noktalarda zorlandi
diyebilirim.

A video was found on the web page of the robot kit that explained the installation of

the robot. This video was added to the agenda before the activities to provide the

students with an idea on the subject and to reduce the questions about the subject for

the second cycle of the implementation.

For the third activity of the first cycle, although the problem scenario of the activity
did not direct the students to specific disability groups or natural disasters, it was
observed that the majority of the students turned towards only some of them and
produced a solution accordingly. This situation was expressed by the teacher as in
the following:

A3_T: The students focused more on the subject of earthquake, the issue of
earthquake in natural disasters in this activity. | did not ask the students the
reason of it, but it might be the case that the earthquake is the most
experienced natural disaster in our country, in our lives, and the students

know this or the solution to the earthquake is easier for them.

A3_T: Yani ¢ocuklar baktiginiz zaman daha ¢ok deprem konusunu dogal
afetlerde deprem konusunu islediler. Bunun sebebi olarak da hani
cocuklara sormadim ama soyle bir durum olabilir hani hayatimizda,
tilkemizde en boyle fazla yasanan deprem ya da boyle en fazla yasanan
dogal afetin deprem olmasi ¢ocuklarin hani bunu biliyor olmalart ya da o
olaya yénelik ¢oziimiin daha kolay olmasi belki onlar: yonlendirmis

olabilir.
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As the excerpt above implied that the perception of the students was the reason
behind the point of the students’ focus in this activity in the first cycle. For the same
activity in the second cycle, a brainstorming activity after the video was suggested
to recall the other disaster forms. The students were also tried to be informed that

they could work on the different disability groups in this preparation phase.

4324 Resource Related Modifications

Activity Sheet Parts: In the first part of the activity sheets, the students were asked
whether they understood the ill-structured problem. Some of them needed guidance
on this part by the teacher because they did not know how much they should have

written. The teacher expressed this as in the following:

Al T: In activity sheet, the students asked how they would write the
problem in their own sentences. They asked such questions: How many

sentences will we use? Will it be long? Will it be short?.

Al _T: Sheet'te problem kendi ciimleleriyle yazma kisminda nasil
vapacaklarint sordular. Oradaki kendi ifadeleriyle yazma kisminda hani
kag ciimle yazacagiz hocam? Uzun mu olacak? Kisa mi olacak? Gibi

sorular sordular.

To reduce the need for guidance in this part, the following description was added to

the relevant space on the activity sheet.

“Do not forget! The number of sentences you will write for this and other
questions is not important. You should try to write as clearly and

understandably as possible.”

“Unutmayin! Bu soruda ve diger sorularda yazacaginiz ciimle sayisit onemli

degil. Olabildigince agik ve anlasilir bir sekilde yazmaya ¢alismalisiniz.”

In the part of drawing the flowchart, the students rarely drew algorithms different

from one that could be loaded into the robot. As a result, there were differences
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between the algorithm they drew and the product. This specific case was put forward

by the teacher is as follows:

Al T: There is a situation like this, for example: they write the algorithm
but a different product can emerge after he produces the algorithm. So
that's the material at hand, or they writes the algorithm differently so the
product can be produced different. At this point, there were some
suggestions for solution when the products and algorithms do not fit. I think

that point is a bit improvable.

Al_T: Séyle bir durum oluyor mesela algoritmayt yaziyor ama o
algoritmay: robotuna, tiriin ortaya ¢ikarirken hani farkl bir tiriin ortaya
¢tkabiliyor. Yani eldeki malzeme o. Ya da algoritmay: farkl yaziyo, iiriin
farkl ¢ikabiliyo. Bu noktada hani iiriin ve algoritmalarin uymadigi bazi
hani durumlar, bazi ¢oziim onerileri geldi. Hani orada, o noktanin biraz

diizeltilebilir oldugunu diisiiniiyorum.

The underlying reason for this was considered as the students did not take into
account the robot parts or stationery materials in their hands while doing this part. It
was also the same for the part where they created the solution proposals. So for these
two sections, a warning notice was added to the activity sheets. The text, which
included the warning that they should have considered the materials they had, is in
the following.

’

“Taking into account the robot parts and stationery materials you have...’
“Elinizdeki robot pargalar: ve yardimci malzemeleri dikkate alarak...”

Stationery Materials: Insufficiency of the stationery materials restricted the
students on production of the new solutions for ill-structured problems. This created
a rivalry among the students in terms of taking these stationery materials. As a result
of this observation in the first cycle, adequate amont of stationery materials were
prepared before the activities by paying attention to the group numbers in the second
cycle. Moreover, various problems related to the use of these stationery materials
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were also raised among the students. Some of them depended on the materials and
these showed the researcher that the materials had to be checked before the activities.
This change applied during the second cycle. Another problem with stationery
materials in the first cycle was that some of the students expressed difficulties in
using some of the stationery materials; for instance, they could not cut the cardboard
properly. One of the students expressed this problem as follows. This problem

indicated the need for guidance on these issues in the second cycle.

A3 _FG1_S1: There were cardboards like this so we did not cut them with

the scissors at all, you know.

A3_FG1_S1: Zaten makasla ¢ok da kesilmiyordu bile su gibi kartonlarda

vardi biliyorsunuz siz.

4325 Technical Modifications

Robot Pieces: Some of the students reported the problems about the robotic pieces
during the interviews. The technical problem about transferring the programmed file
from the computer to the robot was one of them. One of the student interviewed

expressed this problem as in the following:

A2 _FG1_S1: 1 guess there was something wrong with the computer or
cable. This cable was not loading. It was said that the device was loaded

successfully but it was not working in our robot.

A2_FG1_S1: Bilgisayarda bir hata vardi herhalde veya kabloda. Bu kablo
yiiklemiyordu. Cihaza basaril yiiklendi diyordu ama robotumuzda

calismiyordu.

The reason behind this transferring problem was found to be related to the USB cable
that used for the transfer of the file. Therefore, extra working USB cables were

bought and made ready before the second cycle.
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The teacher reported the damaged robotic pieces during the interview of the first
activity. He said that he had to check them before the activity but he missed it. This
discourse was also used to solve the problem. During the second cycle of the
implementation, the robot parts were controlled by the teacher and the researcher
before the activities. The teacher disclosed the following statement about the

problem and the solution of it.

Al T: I had to check if these materials were working before the activity. |
saw some of the sensors were not working. | noticed that the normally

working sensors did not work.

Al_T: Daha oncesinde bu malzemelerin ¢alisip ¢calismadigini kontrol etmem
gerekiyordu. Bazi algilayicilarin ¢alismadigin gordiim. Normalde ¢aligiyor
diye bildigim algilayicilarin, ¢alismadigini.

The robot pieces were also got broken during the activities in the first cycle. Since it
took time to repair these pieces, it often caused disruption in the implementation of
the activities. This situation, especially related to wheels of the robots, was depicted
by one of the student group as follows during the focus group interview:

Al FG1 _S2: We had a problem during the activity. We were doing it
properly but the cable broke down suddenly.

Al FG1_S3: We got annoyed. We were reassembling, it came away. We
were reassembling, it came away again. It was very beautiful after you did it,

but it came away again.

Al FG1_S2: That is why the cable made us a little bit nervous today. Also,
the wheels didn't come out. One of the wheels was installed incorrectly. He

also made us nervous.

Al FG1_S2: Simdi bizim soyle bir sorunumuz ortaya ¢ikti. Biz simdi
yvapiyoruz birden kablo koptu.
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Al _FG1 _S3: Gicik olduk. Takvorduk ¢ikti, takiyorduk ¢ikti. Ondan sonra
¢ok giizel oldu. Siz yaptiniz sonra tam takiyorduk yine ¢ikti.

Al FG1 S2: Yani o yiizden kablo bugiin bizi biraz sinirlendirdi. Ayrica
tekerlekleri ¢ikmadi. Tekerleklerin biri yanlis takilmis o ¢ikmadi. O da bizim

sinirimi bozdu.

To overcome the problem with the robotic pieces, it was offered as a solution that
there should have been extra robot kits during the activities. Therefore, the second

cycle of the implementation was started and continued with five extra robot Kits.

Insufficiency of robot pieces was another issue that restricted the students during the
activity time. However, since the robot kits were taken ready from a robotic company
and it was not possible to add new pieces to these Kits, the modification on the
activities for the solution of this issue was not found as applicable directly as a result
of the discussion with the teacher and the expert. However, it was concluded that it
would be appropriate to warn students that they should have proceeded in the
activities by considering the robot pieces at the beginning of the implementation of
the second cycle.

4.4  Enablers and challenges of problem-solving activities designed for
middle school students to solve ill-structured problems in science with
Educational Robots (RQ1)

The first sub-question of the study aimed to reveal the enablers and challenges of the
activities in which students solved ill-structured science problems by using
Educational Robotics. Since the question was twofold, its’ results were presented
into two sections below. These sections were named “Enablers of Problem-Solving
Activities” and “Challenges of Problem-Solving Activities”, respectively.
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Enablers of Problem-Solving Activities
Learning and Instructional Enablers

The findings of the current study indicated that there were two themes for the
enablers of the activities called learning and instructional enablers and facilities.
Learning and instructional enablers theme was constituted entirely by the categories
about the educational aspect of the activities. This theme was explicitly categorized
as motivation, guidance, high level of readiness, working with the group, solution
strategies, effective communication, and the essence of the activity. These categories

were presented in Figure 4-4.

Motivation

Essence of Activity
Effective Communication \

LEARNING & INSTRUCTIONAL pe————— Guidance

ENABLERS

Soluttion Strategies

Working with Group
High-Level of Readiness

Figure 4-4 Categories of Learning and Instructional Enablers Theme

These categories emerged out of the main data source gathered from the interviews
with the participants. In fact, the researcher interviewed the teacher and the students
as focus groups separately after each activity in both cycles. However, the number
of students in focus groups varied depending on the activities throughout the
implementation process. In detail, only four students participated in the focus group
meeting conducted after the first activity in the first cycle of the implementation. The

number of interviewed students increased to five and six in the second and third
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activities, respectively. At the end of the implementation in this cycle, only three
students were interviewed during the focus group meeting after the last activity. In
the second cycle, the number of interviewed students were quite high in comparison
to the first cycle since there were two different classrooms, which separated
according to the gender of the students. In detail, the total number of interviewed
students was 10 in the first activity in this cycle. Then, 11 and 15 students
volunteered to participate in the focus group meetings after the second and the third
activities. At the end of the implementation of all activities, the focus group meeting
was conducted with eight students in this cycle. Based on the data gathered from
these students and the teacher, a code tree in which the categories of the theme with
the related codes listed from the most cited to the least was presented in Table 4.10.
Each category and the related codes of the learning and instructional enablers of the

activities were elaborated one by one after this illustration.

Table 4.10 The Code Tree of Learning and Instructional Enablers Theme

Categories/Codes >f
Motivation 130
Entertainment 63
Facilitative Resources 29
Satisfaction 20
Engagement 18
Guidance 108
Teacher 74
Researcher 30
Peer 4
High Level of Readiness 98
Pre-requisites 80
Previous Instruction 18
Working with Group 49
Cooperation 35
Forming Groups 14
Solution Strategies 41
Trail & Error 15
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Table 4.10 (cont’d)

Imagination 10
Consensus 9
Collaboration 7
Effective Communication 34
In-Activity 30
Out-of-Activity 4
Essence of Activity 32
Activity Time 21
Problem Scenario 11

Motivation

It was observed that the motivation of the students was quite high during the

activities in both cycles. According to the data analysis, this motivation level was

one of the learning and instructional enablers of the ill-structured problem-solving

activities. The underlying factors of this enabler were specifically derived from the

codes of entertainment, facilitative resources, satisfaction, and engagement. The

frequency distribution of these codes was presented below (Table 4.11) regarding

the activity numbers and the participants.

Table 4.11 Frequency Distribution of Codes belongs to Category of Motivation

Activity 1 Activity 2 Activity 3 Activity 4
Codes/Participants T S T S T S T S
Entertainment 1 17(n=4) - 3 (n=3) 5 14 (n=6) 1(n=1)
- Facilitative resources 8 - 4 2 (n=1) 7 1(n=1)
(%‘ Satisfaction 2 - - 3 (n=2) 2 3 (n=2)
Engagement 4 1(n=1) 1 - - 4 (n=2)
Entertainment 9 (n=7) - 6 (n=4) 6 (n=4) 1 (n=1)
S Facilitative resources 2 (n=2) - 3(n=2) - 2
3‘ Satisfaction 1 (n=1) - 4 (n=3) 4 (n=3) 1 (n=1)
Engagement 4 2 (n=2) - - - 2

*n refers to the number of students responsible for the verbal occurrences within interviews
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Entertainment

The findings presented in Table 4.11 revealed that entertainment during the activities
motivated the students throughout the problem-solving process. The results of the
students concerning the frequency of this code were quite high at the first activities
in comparison to the others in both cycles. In detail, all the interviewed students
(n=4) reported this source of motivation during the focus group meeting of the first
activity (f=17) in the first cycle. In another group meeting, three students described
the entertainment during the activities motivated themselves after the second week
of implementation (f=3). Next week, six interviewed students mentioned this
motivator quite more (f=14) as seven students described entertainment as a motivator
for Activity-1 (f=9) in the second cycle. In this cycle, four interviewed students
reported six times the entertainment with similar expressions for the second and the
third activities (f=6). On the other hand, only one of the interviewed students
mentioned it during the interview of Activity-4 (f=1) with a lower frequency than

other activities in both cycles.

In descriptions, the students mostly reflected that the first phase of the activity,
specifically paper works in it, was very entertaining. For some others, the remaining
phases of the activities, the programming and the production phases were also
entertaining in separate ways. In all these phases, the students worked in groups
together, and several students emphasized that collaboration in group works made
the problem-solving process entertaining. Additionally, some of the students
described the overall activity had an entertaining aspect independently. One of these

students expressed this in the reflection paper as follows:

C2_A4 R _S3: Teacher, first of all, all the four activities and studying with

you were very very entertaining]

C2_A4 R _S3: Ogretmenim oncelikle yaptigimiz dort etkinlik ve sizle ders
islemek ¢ok ama ¢ok eglenceliydi.
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S3’s statement in the reflection paper implied the importance of the teacher’s role in
the development of the learning environment during the activities. The teacher, who
tried to motivate the students by entertaining them during the activities, pointed out
the motivational aspect of entertainment in the first activity for the first time (f=1) at
the beginning of the implementation, and repeated it in the third activity (f=5) of the
first cycle, according to the data provided in Table 4.11. However, he did not mention
it in the interviews during the second and the fourth activities in this cycle, as well

as all the activities in the second cycle.

The teacher expressed that the activities had several entertaining aspects as those
mentioned above by the students. He commented that one of these entertainment
sources of activities, the design, removed the boredom of some stages of the
activities. Therefore, the students could work more efficiently. The teacher described

this during the interview of the third activity in the first cycle as follows:

C1_A3_T: The existence of design makes students' work more entertaining.
The students do not feel bored in several phases of programming robotics
on the computer during the design phase. We can say that they feel less

bored.

C1_A3_T: Tasarimin olmasi ¢ocuklardaki isi daha eglenceli hale getiriyo.
Robotik programlamanin o bilgisayardaki o proramlamanin bazi
noktalardaki o sitkiciligini tasarim béliimiiyle ¢cocuklarimiz hissetmiyorlar.

Daha az hissediyorlar diyebiliriz.
Facilitative Resources

According to the findings, resources of the activities provided students during the
activities motivated them during the problem-solving process. These resources were
the enabling factors of the activities and labeled as facilitative resources, specifically.
The utilized visual materials in activities were some of these resources. In fact, the
students usually watched an introduction video, which contained the presentation of

the problem statement at the beginning of activities. However, this introduction
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video was not applied to all activities. For instance, in the first activity of the first
cycle, the need for a video was not clear yet, and the modification for introduction
with a video was not applied to activities. Similarly, it was not utilized in the fourth
activity of the second cycle since the activity sheet was assigned to the students as
homework. Therefore, the students in this activity did not watch an introduction

video, too.

When an introduction video was utilized, the researcher developed that video in
conjunction with the activity's problem statement, and the teacher checked it before
the corresponding activity. According to the findings, this specially prepared video
motivated the students during the activities as well as another visual, the slide show,
was developed to remind the students of the robotic pieces on the smartboard when

needed.

In addition to visual materials, the equipments of activities such as computers,
robots, and stationery materials were the other facilitative resources. The students
mentioned all these facilitative resources as motivators, not as much as the teacher
during the interviews, according to the data in Table 4.11. In fact, only one of the
interviewed students expressed these resources during the focus group meeting of
Activity-2 (f=2) and Activity-3 (f=1) in the first cycle. Additionally, only two
students during the first (f=2) and second (f=3) activity meeting reported that these
resources motivated them during the problem-solving process. Among these
interviews, one of the students expressed the use of the computer as a motivating
element by expressing the following statements:

C1l_A3 FG1_S2: We liked it since we did it on the computer. It is a little
more entertaining to do it on the computer because in other courses you
should open your notebook, you do it there and it is hard. You do it here

immediately so it's entertaining.

C1_A3_FG1_S2: Bilgisayarda yaptigimiz i¢cin hosumuza gitti bir de.
Bilgisayarda yapmak biraz daha eglenceli ¢iinkii diger derslerde defterini
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agryorsun, yapryorsun falan zor oluyo. Bunda hemen yapryorsun eglenceli

oluyo.

Like the computers in the excerpt above, the facilitative resources were reported by
the teacher mostly in the first cycle. To give more detail, he reported these resources
as a motivator 19 times during the first cycle interviews, according to the data in
Table 4.11. He commented on these resources during the interview of Activity-
1(f=8) and Activity-3 (f=7) more frequently than other activities. The remaining
codes belonged to the interview of Activity-2 (f=4) in this cycle and Activity-4 (f=2)
in the second cycle. He expressed the positive effect of the utilization of video for
grabbing students' interest and attention during the interview of Activity-3 in the first

cycle as follows:

C1_A3_T: The use of the video was more effective in attracting children's

interest and attention. That was positive.

C1_A3_T: [Videoyu kullanmamiz ¢ocuklarin ilgisini ve dikkatini ¢cekmesi
noktasinda daha etkiliydi. Olumlu oldu.

Satisfaction

The students utilized the facilitative resources while they were working in groups
during the activity process. In fact, working with groups was not a novel instructional
method for them. The observation before the activities in both cycles indicated that
the students had already been working in groups during the course hours. The
interview with them also showed that they had been incorporated into group works
in other courses. Nevertheless, most of the interviewed students expressed that the
number of group activities should have been increased substantially. They clearly
explained that they were highly satisfied with working in groups during problem-

solving activities.

In addition to working with groups, the solution for the problem, and the overall
activity were other sources of satisfaction for the activities. The students usually had
positive feelings at the end of the activities since they succeeded in solving the
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problem. Also, some students saw the activity process as a whole and all the work
done in this process was described as satisfying. Two of the students’ description

picked among the data about these satisfactory resources were as follows:

C2_Al D_S1: Then our robot became ready to serve customers. The robot
has become a very successful and a proper robot thanks to its wheel and

distance sensor.

C2_Al D S1: Daha sonra da kullanacak hale geldi ve artik miisterilerin
hizmetine hazir oldu robotumuz. Robot tekerlek ve mesafe algilayicisi

sayesinde ¢ok bagarili ve diizgiin bir robot haline geldi.

C2_A2 R _S4: 1 liked everything in this activity, and | was satisfied with
everything.

C2_A2_R_SA4: Bu etkinlikte her sey hosuma gitti biitiin her sey icime sindi.

These sources of satisfaction were not mentioned by the students in an equal way for
all the activities throughout the implementation process. For instance, they did not
describe their mood as satisfied during the interviews of the first and fourth activities
in the first cycle. However, the frequency of satisfaction was equal for Activity-2
and Activity-3 in this cycle. Two interviewed students expressed that they were
satisfied with these activities (f=3). For the second cycle, the interviewed students
called themselves as satisfied more while describing Activity-2 and Activity-3. In
detail, for each of these activities, three interviewed students expressed their
satisfaction with the activities (f=4). On the other hand, only one of the interviewed
students reported this satisfaction during the interview of the fourth activity (f=1)

and the first activity (f=1), according to the findings in Table 4.11.

Based on the findings provided in Table 4.11, the teacher mentioned students’
satisfaction with activities for only the first cycle of the implementation. He
described the students as satisfied in the process of Activity-1 (f=2) and Activity-3
(f=2) in this cycle. However, he did not report the satisfaction of students in Activity-
2 and Activity-4 in this cycle.
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According to the teacher, the students produced original products in these activities.
These products induced the students to feel satisfied with their work because they
had seen the results of the solution concretely there. This sense of satisfaction had a
positive effect on the activity process. He expressed this as follows:

C1_A3_T: The fact that students saw concrete solutions that would work
made them happy. This even entailed a positive impact.

C1_A3_T: Ise yarayacak ¢éziim onerilerini somut bir sekilde gérmiis

olmalari onlart mutlu etti ve daha da olumlu yonde bir etki sagladi.

Additionally, a closure program was carried out at the end of all the activities. The
teacher gave students a certificate of attendance at this event. There was a text of
gratitude which contained each student's name on this certificate (please see in
Appendix P). The teacher handed out the certificates to the students, and photos were
taken at the end of this event (Figure 4-5). Students seemed extremely happy in this
figure. The observation of the researcher also supported that students were satisfied
with getting a certificate. Therefore, this certificate of recognition should be taken
into consideration as a source of satisfaction. However, it was not mentioned during
the interviews with participants. The reason behind this could be that these

interviews were conducted before the closure event.
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Figure 4-5 The Photo of Closure Program in Cycle-1

Engagement

Students’ engagement in the activities was an additional finding for their motivation.
According to participants, several properties of activities engaged students in the
problem-solving process. For instance, the students were highly active during the
activities. They intensively worked on the solution of the problem. As a result, most
of them did not want to go outside at break time between the activity hours.
Furthermore, they constantly asked the teacher and the researcher whether they

continued to carry out similar activities.

According to the data displayed in Table 4.11, the engagement was reported mostly
by the teacher in both cycles. The findings of the frequency of the teacher’s
descriptions concerning students' engagement for Activity-1 (f=4) in the first cycle,
and the same activity in the second cycle (f=4) were quite high in comparison to
other activities in both cycles. In contrast, he never mentioned the engagement of the
students during the interviews of Activity-3 and Activity-4 in the first cycle as well
as Activity-2 and Activity-3 in the second cycle. In one of the remaining activities,

he described students' wish for doing further activities as such:
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C1_Al T: Teacher, let us study the course of Instructional Technology
again. Teacher, will we do something similar to this event? Are we going to
do another activity? Please let us do. | have received such positive
feedback. This activity increased the motivation of the children towards the

course.

C1_Al_T: Hani bilgisayar dersi hocam hani bir daha gérelim, hocam bu
etkinlige benzer etkinlik yapacak muyiz, baska etkinlik yapacak miyiz hocam
seklinde. Yapalim hocam seklinde olumlu doniitler aldim. Hani ¢ocuklarin

derse olan motivasyonunu arttirdr bu yaptigim etkinlik.

The findings demonstrated in Table 4.11 indicated that the students described their
growing engagement in the activities during the Activity-4 and Activity-1 in the first
cycle and Activity-1 in the second cycle. In detail, one of the interviewed students
mentioned this engagement during the first activity the first time. Then, two different
students expressed their engagement during the focus group of Activity-4 (f=4) in
this cycle. In the second cycle, only two interviewed students reported this issue after
the first activity (f=2). During these interviews, they reported that they were willing
to perform similar activities as in the teacher’s excerpt. Additionally, they expressed
that they had a desire to do better during the activities, which was found as another
source of engagement. One of the students expressed this desire during the interview

of the last activity in the first cycle as in the following:

C1l A4 FG1_S1: Teacher, we need to prepare the robot better. If we do

bad, it won't make sense.

C1_A4_FG1_S1: Hocam robotu da iyi hazirlamamiz gerekiyo. Kotii

vaparsak bi anlami kalmayacak ki.
Guidance

The students engaged in activities needed some assistance during the activities since
they had to tackle several challenges in all stages of the activities. For instance, they
usually had problems with the parts of the activity sheet in the first stage. Similarly,
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they often faced challenges in their algorithms during the programming stage. In the
last stage, they met problems with the design of the product. However, most of these
problems were solved via guidance as the participants claimed. Therefore, it was
labeled as one of the learning and instructional enablers based on the data analysis.
This analysis clearly indicated the sources of the guidance as the teacher, the

researcher, and the peer, as seen in Table 4.12.

Table 4.12 Frequency Distribution of Codes belongs to Category of Guidance

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
Teacher 22 4(=1) 12 3(m=3) 10 6(n=3) - 2 (n=1)
—
§ Researcher - - - - - 3 (n=3)
O
Peer - - - - - - - 1(n=1)
Teacher 3  3(n=3) 1 2 (n=2) 1 2(n=1) 3
N
§ Researcher - 4 (n=3) - 6 (n=4) - 8 (n=7) - 9 (n=7)
O
Peer - 1(n=1) - 2 (n=2)

*n refers to the number of students responsible for the verbal occurrences within interviews

As a source, the guidance of the teacher and the researcher were very similar to each
other during the activities. In general, both sources instantly helped the students,
controlled their work, and directed the process when a need existed during the
problem-solving process. Therefore, it should be noted that the responsibility of
guidance was undertaken by the researcher and the teacher equally. However, the
guidance of the teacher was mentioned more than the researcher’s guidance in both
cycles by the participants. In detail, the teacher’s guidance was reported totally by
the participants (f=74) far more frequently than the researcher’s guidance (f=30),
according to the data provided in Table 4.12. The potential reasons of this finding

were elaborated within the discussion part of the study.

Teacher’s Guidance

Based on the data presented in Table 4.12, the guidance of the teacher was reported

as an enabler by the teacher more than students in the first cycle. The frequency of
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his descriptions for his guidance during the interview of Activity-1 (f=22) was much
more than other activities. In contrast, he mentioned it for Activity-4 (f=4) as quite
lower than other activities in this cycle. In the second cycle, he reported the teacher
guidance during the interviews of all activities as well as the first cycle, but the
frequency of his descriptions for each one was quite lower than the activities in the
first cycle. In detail, he described his guidance as an enabler of the activities during
the interview of the first (f=3) and the last (f=3) activities more frequently than the
remaining activities (including Activity-2 and Activity-3, f=1). In one of these
interviews, he explained his guidance as a reminder on the equipment of the activity
during the design stage of the activity. According to him, the students fixed their

works with this reminder. His expression about this guidance was the following:

C2_A4 T: For instance, they tried to design things they could not do since
the stationery materials did not allow. At that point, I reminded them that
these were the materials at hand and they made a correction according to it

again.

C2_A4_T: Mesela malzemeler elvermediginden dolayt yapamayacaklari
seyleri tasarlamaya ¢alistilar. O noktada onlara eldeki malzemelerin onlar

oldugunu hatirlattim ona gore tekrardan bir diizeltme yaptilar.

The students also expressed the guidance of the teacher in both cycles based on the
findings in Table 4.12. These findings indicated that the frequency of students'
descriptions on the guidance of the teacher was not close to each other during the
interviews of the activity in the first cycle. To give more detail, at the beginning of
the implementation, only one of the interviewed students expressed the guidance of
the teacher as an enabler of this activity four times during the focus group meeting.
In the next week’s activity, three students mentioned this kind of guidance (f=3)
during the interview. Then, the other three students expressed that the guidance of
the teacher eased the process of the problem-solving activity during the focus group
meeting conducted after the third activity (f=6). For the last activity, one of the
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interviewed students explained the guidance of the teacher as an enabler (f=2) in this

cycle.

In the second cycle, the guidance of the teacher was mentioned by three interviewed
students for Activity-1 (f=3) firstly. Then, two and one interviewed students
expressed this guidance as one of the enablers of the activity process during the focus
group meeting placed after the second (f=2) and the third (f=2) activities. For one of
those activities, the student who got help from the teacher to overcome the problem

with programming expressed this guidance as in the following:

C2_A2_FG3_S1: We had difficulty in uploading to the robot and we got

help from the teacher.
C2_A2_FG3_S1: Robota yiiklemekte zorlandik hocadan yardim aldik.
Researcher’s Guidance

In contrast to the teacher’s guidance, it was only the students who reported the
guidance of the researcher during the data collection process. In the first cycle of
this process, only three interviewed students mentioned this guidance during the
focus group meeting of Activity-3 (f=3). On the other hand, the students in the
second cycle expressed the guidance source as the researcher for all activities in the
second cycle. In detail, three students expressed this source during the interview of
Activity-1 (f=4) firstly. Then, four students described the guidance of the researcher
as an enabler of the activity six times after the second activity (f=6). For the next
activity, seven interviewed students referred to the guidance of the researcher (f=8)
during the focus group meeting. Similarly, the other seven interviewed students also
reported that they had utilized the guidance of the researcher as an enabler during the
data collection meeting conducted at the end of the activities (f=9). In one of those
activities, one of the students described the researcher help on the programming

stage of the activities as follows:

C2_A2_FG2_S2: There is also something that, for example, we put into the
wrong place at the beginning we got help from you.
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C2_A2 _FG2_S2: Bir de sey var hocam kodluyoruz hocam bir seyi mesela
giriste yanlis yere taktik basta onda sizden yardim aldik.

The distribution of the frequencies of the students concerning the researcher’s
guidance indicated a surprising finding that this kind of guidance was mostly
reported by the interviewed students in the second cycle as it was demonstrated by
the data provided in Table 4.12. The frequency of their descriptions was also
gradually increased throughout the activities in this cycle. The potential reasons for

this finding were elaborated on in the discussion part of the study.
Peer Guidance

It was observed during the activities that while the students were working in groups
to solve the ill-structured problems, several students asked for help from their group
mates as well as the teacher or the researcher. According to these students, this help
occurred mainly as the exchange of ideas about robots and design issues. They
reported that this support affected the whole activity positively since they could
handle lots of little problems on those issues themselves via this guidance. Therefore,

it was an essential instructional and educational enabler of the activities.

According to data provided in Table 4.12, the teacher never reported peer guidance
in the interviews in both cycles. Only one of the students mentioned this support for
Activity-4 (f=1) in the first cycle. In the second cycle, one of the interviewed students
described peer guidance as an enabler during the focus group meeting of Activity-1
(f=1) the first time. Then, the other two students repeated similar descriptions on
peer’s guidance during the meeting conducted after the second activity (f=2).
Additionally, one of the students reported that he had some difficulties during the
third activity process. He then reflected that he was able to deal with those difficulties
with his friends' support, addressing to the following remarks in his activity

reflection paper:
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C2_A3 R _S5: There were times that challenged me in this activity, one of
which was to unite the Robot. Thanks to them, when | had a hard time at the

activity, my teammates helped me.

C2_A3_R_S5: Bu etkinlikte beni zorlayan zamanalar oldu bunlardan biri
ise Robotu birlestirmek oldu. Etkinlikte zorlandigimda sag olsunlar takim

arkadaslarim yardim ettiler.
High Level of Readiness

In addition to the guidance in the activities, students' level of readiness was a very
important element for the progress of activities. In fact, while its deficiency caused
various problems, the high level of readiness made things easier during the problem-
solving process of the activities. Therefore, it was classified as one of the
instructional and educational enablers of the activities. According to the results of
the data analysis, two main factors were affecting this high level of readiness. The
first underlying factor was the level of prerequisites while the other was the effects
of the previous instruction. The frequencies and the frequency distribution of these
two factors were presented in Table 4.13.

Table 4.13 Frequency Distribution of Codes belongs to Category of High-Level of
Readiness

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
- Pre-requisites 1 7 (n=3) - 11(n=4) - 13(n=bH) - 3 (n=2)
3‘ Previous Instruction 10 - 2 - 1 - 1
S Pre-requisites - 17(n=9) - 11(n=4) - 8 (n=7) 3 6 (n=3)
(%‘ Previous Instruction - - - - - - 4

*n refers to the number of students responsible for the verbal occurrences within interviews
Pre-requisites

It was obvious from findings provided in Table 4.13 that the students reflected

adequacy of the prerequisites as an enabler of the activity process for all activities.
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The frequencies of their descriptions on prerequisites for Activity-3 (f=13) and
Activity-2 (f=11) were slightly higher than other activities in the first cycle. In detail,
three interviewed students referred to the importance of the prerequisites for the
readiness of the activity process during the focus group meeting of the first activity
(f=7) firstly. Then, the other four students described the prerequisites as an enabler
in the next week (f=11). After the third activity, five interviewed students expressed
them again with the highest frequency in this cycle (f=13). At the end of the
implementation in this cycle, two interviewed students reported the prerequisites of
the activities for the readiness of the activities, lastly (f=3). In the second cycle, nine
interviewed students agreed on the importance of the prerequisites for the readiness
of the activities and they reported these prerequisites during the focus group meeting
of the first activity (f=17). In the next activity, four interviewed students alluded to
the prerequisites as an enabling factor of the activity process (f=11). Then, the other
seven students talked about these prerequisites during the focus group meeting
placed after the third activity (f=8) and three students who interviewed after the last
activity (f=6).

The students specifically reported the prerequisites on science subjects of
temperature and sun rays, force, natural disasters, environment, and pollution.
These subjects were directly compatible with activity subjects, and they promoted
higher productivity during the activities. Besides these compatible subjects, others
such as electricity, sound, and distance were expressed as additional prerequisite
subjects of science. Moreover, the knowledge of robot pieces and usage of them were
addressed to by the students as the prerequisites of the Information Technology and
Software Course. They also outlined the knowledge of programming as the
prerequisites of activities. In detail, the knowledge of flowchart, algorithm, and the
use of the editor was the emphasized prerequisites of programming. Among these
subjects, one of the students expressed the necessity of prerequisites on the subject

of Science Course as in the following:
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C1_A3 FG1_S1: We had to get information about how the occurrence of
an earthquake in the science class. If we hadn't learned what the

earthquake was like in science class, we wouldn't have done it.

C1_A3 _FG1_S1: Depremin nasil olduguyla ilgili bilgi almamiz gerekiyodu
once fen bilgisi dersinden. Fen bilgisi dersinde depremin nasil bir sey

oldugunu ogrenmeseydik biz bunu yapamazdik.

According to the data in Table 4.13, the teacher reported the need of the
aforementioned prerequisites for only two activities in the cycles of the
implementation. In fact, he expressed some of those prerequisites for the Activity-1
(f=1) in the first cycle and for Activity-4 (f=3) in the second cycle. He expressed the
necessity of prerequisites for the readiness of activity during the interview of

Activity-1 in the first cycle as follows:

C1_Al T: The students already had prior knowledge of both science and
computer courses. Since they had prior knowledge, they knew exactly what

they would do.

C1_A1_T: Cocuklarin zaten bir on bilgisi hem fen bilgisi hem de bilgisayar
dersinde bir on bilgileri vardi. On bilgileri oldugu i¢in cocuklar hani tam

vapacaklari seyleri biliyorlardi.
Previous Instruction

The previous instruction was also found as highly related to the readiness of the
students for the activities. The findings in Table 4.13 revealed that only the teacher
explained the previous instruction as an enabler for the readiness of students. He
mentioned the previous instruction as a factor of readiness of students for Activity-
1 (f=10) more frequently than other activities in the first cycle. He continued to report
the support of the previous instruction for the readiness of the students in the
remaining weeks of the implementation in this cycle (including Activity-2, f=2,

Activity-3, f=1, Activity-4, f=1). In the second cycle, he expressed the previous
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instruction as one of the enablers of the process during only the interview of Activity-
4 (f=4).

The results obtained from the interviews with the teacher supported that having the
previous instruction in the course was very important for conducting the activities.
Specifically, the used strategies in previous instruction such as problem solving, or
collaboration and the similarities of the activity subjects with the subjects in previous
instruction considerably eased the activity process. The teacher expressed the
similarity of previous instruction with activities as an enabler by saying the

following:

C1 A3 T: In other words, we had already done an activity about
disabilities while explaining the subject of paint in our course... These made

our job much easier.

C1_A3_T: Yani engelli konusunu da hani daha once zaten dersimde
engellilere yonelik paint konusunu anlatirken bir etkinlik yapmistik... Bunlar

da isimizi olduk¢a kolaylastirdl.
Working with Groups

Students who were ready for activities after the preparatory instruction worked in
groups during the activities based on the selected instructional design framework,
Collaborative Problem Solving. Besides the framework, the teacher also expressed
the practical rationale to employment of working with groups as a method in the

activities as the following:

C1_Al T: And the number of our robots was few so when students were
exactly in groups of three, that is, when they were threes, the robots would
be enough. Otherwise, we would give our student a robot with incomplete
parts. Since we could not give a fully working robot, it might reduce his/her

interest. At that point, there might be problems.

C1_Al_T: Bir de hani robot larimizin sayist azdi ve tam olarak iigerli

gruplar seklinde, yani ticerli olduklarinda, tam yetecekti. Diger tiirlii

170



ogrencimize tam ¢alisir bir robot veremeyecegimiz i¢in eksik pargall bir
robot verecektik. O da ilgisini belki azaltabilecekti, herkesin ki tamam hani

onunki eksik olacagi igin. O noktada belki sorunlar ¢ikabilirdi.

Although this method was seen as a necessity by the teacher, in fact, the findings of
the current study showed that it was one of the crucial enablers of activities. Working
with groups enabled the activities in terms of two aspects identified as cooperation
and forming groups. The frequency distribution of these aspects and the total
frequencies of them were presented in Table 4.14.

Table 4.14 Frequency Distribution of Codes belongs to Category of Working with
Groups

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
o Cooperation 4 3 (n=2) 1 1(n=1) 1 6 (n=5) - 1(n=1)
% Forming Groups 2 2 (n=1) - 1(n=1) 1
Py Cooperation 2 5 (n=3) - 1(n=1) 1 5 (n=4) 1 3 (n=3)
% Forming Groups 2 1(n=1) 1 1 (n=1) 1 - 2

*n refers to the number of students responsible for the verbal occurrences within interviews

Cooperation

The data provided in Table 4.14 revealed that the students described one of the
aspects of working with groups, cooperation, as one of the enablers of the activities
for all the activities of the implementation. In detail, the majority of the interviewed
students agreed on the enabler (f=3) at the earliest activity in the first cycle. Then, a
student expressed the enabling side of cooperation for the activities during the
interview of Activity-2 (f=1). The frequency of five interviewed students’
descriptions on the same enabler was slightly higher for Activity-3 (f=6). Lastly, only
one of the interviewed students expressed the cooperation in group working as an
enabler during the focus group meeting conducted after the last activity (f=1) in this
cycle. In the second cycle, the frequency distribution of the descriptions on this

enabler was very similar to the first one. At the beginning of the implementation,
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three interviewed students expressed it firstly (f=5). Then, one of the students
interviewed after the second activity repeated the close expressions on the same
enabler (f=1). Four students agreed on the cooperation in group working that eased
the activity process during the focus group meeting placed after Activity-3 (f=5) like

the other three students interviewed at the end of the implementation (f=3).

Based on the expressions of students concerning cooperation, it was found that they
easily engaged with their groups since they cooperated with others during the
activities. This cooperation provided an overwhelming superior to working alone.
They highlighted that they could help each other instantly, and the projects were
completed in time as a result of this cooperation. One of the students commented on
this cooperation as follows:

C2_Al FG2_S2: I think it's good. It's better to do something with our

friends than to do something on our own.

C2_Al1_FG2_S2: Bence giizel. Bir seyi kendi basimiza yapmaktansa o isi

arkadaglarimizla yapmak daha giizel oluyo.

The teacher also expressed cooperation in group works as an enabler in several
activities. He mentioned it during the interviews of Activity-1 (f=4) more frequently
than other activities in the first cycle. Then, he expressed the enabling side of the
cooperation for the activities after the second (f=1) and the third (f=1) activities
again. However, he did not say anything on the same issue during the interview of
Activity-4 in this cycle. Similarly, he did not comment on the cooperation as an
enabler during the interview of Activity-2 in the second cycle. In contrast, he
expressed it as an enabler during the interview of Activity-1 (f=2), Activity-3 (f=1),
and Activity-4 (f=1) in this cycle.

According to the teacher, cooperation was provided via the adoption of the students
into their groups. This cooperation gave them the chance to interact with others more
and then produce something together. He described this interaction within the group

during one of the interviews of the activities as in the following:
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C1_A2_T: Through the interaction within groups, the students recognize

themselves and the other friends. They produce something together.

C1_A2_T: Hani ¢ocuklar bu grup ici etkilesimi yaparak hem kendilerini
tamiyorlar hem diger arkadaglarini taniyorlar. Beraber bir seyler

tiretiyorlar.
Forming Groups

In group works of the activities, forming groups was found as one of the enablers of
the process according to the findings of the current study. In point of fact, the groups
were formed at the beginning of the activities in two different ways for two cycles
of study. In one of them, the students in the first cycle formed their groups
voluntarily. On the other hand, the researcher and the teacher influenced the form of
groups taking students’ background information into account in the second cycle.
Students were divided into three groups based on their previous year grades in
Science, ITS, and Turkish Courses firstly. Students’ names were printed on the cards,
which were in different colors according to their background information. Then, the
teacher gave the students’ cards, and they were free to set their own groups. The rule
was that groups had to contain all but different colors of cards. Therefore, students

did not totally but instead partially volunteer to form their groups in this cycle.

In one of the classrooms in the second cycle, there was a compulsory student
exchange between the classrooms after the first activity. In this process, five students
exchanged with students in another classroom based on administrative reasons.
When the new students came to the activity classroom, they were put into empty
groups. However, after the second activity, several problems emerged with these
groups. Therefore, in the third activity, the groups were updated again. In this second
composition, the students voluntarily formed their groups in that classroom as the

students in the first cycle.

According to the findings provided in Table 4.14, forming of groups as an enabler

was expressed by the teacher only during the interviews of Activity-1 (f=1) and
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Activity-3 (f=1) in the first cycle. Similarly, in the second cycle, he referred to it only
during the interviews of Activity-1 (f=2) and Activity-4 (f=4).

In one of the interviews, the teacher expressed the positive effect of forming groups
in a partially volunteer way. According to him, the assignment of the group members
to the students was rewarding, especially when the students had not met before as
the students in the second cycle. The students in this cycle were not together in the
previous year. The classes in this cycle were combined due to the insufficient number
of students in the previous year. The teacher commented on the method of forming

groups here as follows:

C2_Al T: At this point, it is better not to leave the groups completely to the
students, especially to the new students who have a new environment with

friends.

C2_A1_T: Bu noktada hani gruplari tamamen 6grencilere birakma ozellikle
de yeni bir arkadas ortami olan yeni tanmisan ogrencilerde gruplari

tamamen onlara birakmamak daha iyi.

In the first cycle, in which groups were formed voluntarily, it was observed that the
students established the division of labor in group works. In the focus group
interviews, they expressed that this adjustment was made in the groups because of
the limited time of the activities. Therefore, for the second cycle, a modification for
the forming group was made and the students were encouraged to separate the group
works and assign them according to the division of labor in this cycle. This
adjustment on groups was considered one of the enablers of the activities by the
students. One of them commented on the division of labor for the activities to

proceed comfortably as follows:

C2_A2_S2: We have distributed the labor during the activity and
constructed the robot easily.

C2_A2_S2: Etkinlikte gorev dagilimi yaptik ve rahat¢a robotu yaptik.
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The adjustment on division of labor and other issues concerning forming groups was
described as one of the enablers of the activities by the students during the data
collection process several times. As the findings in Table 4.14 indicated one of the
students described forming groups as an enabler during the interviews of Activity-1
(f=2) firstly. Another one described it again during the focus group meeting
conducted after Activity-2 (f=1) in the first cycle. Similarly, the enabling side of
forming groups was described by only one of the interviewed students at early
activities (including Activity-1, f=1, Activity-2, f=1).

Solution Strategies

When the students were working in groups, they developed several solution
strategies to overcome the faced challenges during the activity process. The utilized
solution strategies that enabled the students to continue the process were found as
one of the enablers of the problem-solving activities in the current study. As they
were displayed in Table 4.15, the types of these solution strategies were trial and
error, imagination, consensus, and collaboration, respectively.

Table 4.15 Frequency Distribution of Codes belongs to Category of Solution
Strategies

Activity 1 Activity 2 Activity 3 Activity 4
Codes/Participants T S T S T S T S
Trail & Error - 3 (n=2) - 2 (n=2) 1 4 (n=3) - 2 (n=1)
- Imagination 2 4 (n=3) - 2 (n=2)
3‘ Consensus - 1 (n=1) - 2 (n=2) - 1 (n=1) - 1 (n=1)
Collaboration 1 - - 1(n=1) - - - 1(n=1)
Trail & Error - 1 (n=1) - - - 2 (n=2)
S Imagination - - - 2 (n=2)
3‘ Consensus - 2 (n=2) - 2 (n=2)
Collaboration - 2 (n=2) - - - - - 2 (n=2)

*n refers to the number of students responsible for the verbal occurrences within interviews
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Trial and Error

The findings provided in Table 4.15 revealed that the students expressed the use of
solution strategy, trial and error, more frequently than the teacher during the data
collection process. In detail, at the beginning of the implementation, the majority of
the interviewed students (f=2) reported the use of this strategy to overcome the
troubles they faced during the Activity-1 (f=3). Similarly, another interviewed two
students after the second activity (f=2) described reported using trial and error
solution strategy as one of the enablers of the activity process. Then, it was
mentioned by three interviewed students during the focus group meeting conducted
after Activity-3 (f=4). Additionally, one of the interviewed students referred to this
enabler two times during the last focus group meeting at the end of this cycle. In the
second cycle, the use of this solution strategy was reported by a total of three students
who participated in the focus group meeting of the first activity (n=1, f=1) and the
third activity (n=2, f=2).

Based on the findings mentioned above, the students usually used the solution
strategy of trial and error when they experienced a technical problem in the
programming or production phases. According to them, utilizing this method worked
well and helped them to continue their activity properly. One of them commented on
the challenge that they tackled during the programming phase and the use of trial and

error as in the following:

C2_A3 FG5_S1: Teacher, if it is set as 20 and opened, the buzzer was
ringing. We set as 21 then 22. We made like that and when it was 27, it was
correct. I mean it goes here and when it detects, it stops and the buzzer

rings.

C2_A3_FG5_S1: Hocam, 20 yapinca direk aginca siren ¢alryordu. 21
yaptik. 22 yaptik. Oyle dyle yaptik 27 de dogru oldu. Yani gidiyo burdan

algilayinca da duruyo sireni ¢aliyo.
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Like the quotation of S1 above, the teacher mentioned that the students utilized the
solution strategy of trial and error in the programming phase of the activity. He
expressed the use of this strategy only during the interviews of Activity-3 (f=1) in
the first cycle. According to him, the students used this strategy in the programming

stage to find the correct way of programming the robots by saying the following:

C1_A3_T: They wrote the algorithm in the coding section, but while they
were transferring it to the idea(editor), we had groups that had several

trails.

C1_A3 T: Kodlama béliimiinde hani algoritmayt yazdilar ama hani onu

ideaya gecirirken hani bir ka¢ deneme yapan gruplarimiz oldu.
Imagination

The students also talked about how they solved the problems for making sense of the
problem statement during the activity process. Some of them argued that they
eliminated the weak solution proposals via imagination. In this strategy, students
usually tried to foresee the results of their solution before acting with it. One of the

students commented on the usage of this strategy as follows:

C1l_A2 FG2_S1: For example, we imagined how it might be. Then we
thought it might be.

C1_A2_FG2_S1: Mesela hayalettik yani nasil olabilir diye diistindiik.

Sonra olabilecegini diistindiik.

According to the findings presented in Table 4.15, the students expressed the use of
the imagination strategy during the interview of three different activities in both
cycles. In the first of these, all the interviewed students expressed that they used this
solution strategy during the interview of Activity-1 (f=4) in the first cycle. Then, two
students descried their solution strategies as the use of the imagination during the
focus group meeting of Activity-2 (f=2) in this cycle. In the second cycle, for the

same activity again, two students mentioned it (f=2) one more time.
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The findings in Table 4.15 indicated that the teacher also described that the students
used the imagination as a solution strategy during only the interviews of Activity-1
(f=2) in the first cycle. According to him, this activity had a problem area in which
students were expected to behave like engineers in a robot factory. The students were
seen as using this strategy in this activity when he asked them. He reported it as in

the following:

C1_Al_T: While the students were writing the problem on their own when |
asked what they understood, they said the customers were dissatisfied so

they wanted a different robot. The students felt they were working there.

C1 Al T: Problemi yazarken kendileri yazarken hani ne anladiniz
dedigimde miisteriler iste memnun degiller farkl bir robot istiyor. Hani

cocuklar orada kendileri ¢calistyormus gibi gordiiler.
Consensus

Consensus, another type of solution strategywas described by only the students
during the data collection process, according to the findings presented in Table 4.15.
In the first cycle, some of the interviewed students expressed the use of this strategy
throughout the implementation process. In detail, at the beginning of the
implementation, one of the interviewed students reported that the use of consensus
as a solution strategy for faced troubles the first time (f=1). Next week, two of the
interviewed students expressed it again (f=2). Then, one student participating in the
remaining activities commented on this enabler separately in this cycle (including
Activity-3, f=1, Activity-4, f=1). In the second cycle, all descriptions on the
consensus as a solution strategy belonged to interviewed two students after Activity-
1 (f=2) and the other two interviewed after Activity-2 (f=2).

The students above explained the use of this solution strategy that they usually tried
to achieve consensus when the group members had different opinions on a specific

topic. Finding the most appropriate solution offer was one of these topics. In Cycle-
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2, one of the students defined the use of this strategy to find the best solution offer

for their groups in the reflection paper as the following:

C2_A2_R_Fatma: Everyone has different solution offers and we try to find

a good idea by bringing them all together.

C2_A2_R_Fatma: Herkesin farkl ¢oziim énerileri oluyor ve biz hepsini bir

araya getirerek giizel bir fikir bulamaya ¢alisiyoruz.
Collaboration

The aforementioned strategies were mostly applied by the students cooperatively
during the activity process. In addition to this, some of the students and the teacher
separately reported the collaboration as one of the solution strategies independently.
According to them, the students handled several problems collaboratively to go on
the activity process. The teacher expressed the use of collaboration for the solution
of problems during the activities for only Activity-1 (f=1) of the first cycle based on
the findings provided in Table 4.15. In this activity, he commented on how he
suggested the use of collaboration as a solution strategy for one of the groups as

follows:

C1_Al _T: When I talked to other students in the group, | progressed with
problem-solving. By saying that they can do it all together, these are the
ingredients, and that they can give their friends a task, they continued to do

it with their friends who thought that he/she was not doing anything there.

C1_Al_T: Gruptaki diger ogrencilerle konustugumda sorun ¢ozme yoluna
gittim. Orada da hani ¢ocuklarla konusarak hep beraber
vapabileceklerini,malzemelerin bunlar oldugunu, arkadaslarina da bir
gorev verebileceklerini soyleyerek diger kenarda oldugunu bir sey

vapmadigini diistinen arkadaslariyla beraber yapmaya devam ettiler.

The findings in Table 4.15 revealed that the students also described the use of
collaboration as a solution strategy during the data collection. In detail, one of the
interviewed students after Activity-2 (f=1) and Activity-24(f=1) expressed the
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employment of collaboration as the solution method of troubles in the first cycle.
Similarly, two of the interviewed students mentioned the use of it for only Activity-
1 (f=2) and Activity-4 (f=2) in the second cycle. One of the students expressed the
use of this solution strategy on the reflection paper as in the following:

C2_Al_FG2_S4: We got together with my friends, so we worked together
and coped with difficulties.

C2_Al FG2_S4: Arkadaslarimla beraber birlik olup yani birlikte ¢alisip

zorlandigimiz seyleri atlattik.

The collaboration expressed by S4 occurred as getting help from others to handle
the problems during the activities. In this strategy, the students asked others about
the problem itself. Then, they got help from others to overcome that problem directly.
The others differed here from the students to the teacher and the researcher in this
strategy. One of the students expressed the sources of help for the troubles in the

programming phase as follows:

C2_Al R _S6: I had trouble in some steps of programming. | asked for help

from my friends and my teacher.

C2_Al1_R_S6: Programlamakta bazi yerlerde zorlandim. Arkadaglarimdan

ve de ogretmenimden yardim istedim.
Effective Communication

The observations prior to the activities indicated that the students were in a positive
atmosphere in their classrooms in both cycles. The students could easily ask
questions to their teachers, and their communication among other friends was very
well in this atmosphere. This effective communication continued during the
activities. Since the students were highly active in small groups, they were in
interaction with group members, other groups, the teacher, and the researcher. In
accordance with the observations before and during the activities, this effective
communication was divided into two types: in-activity and out-of-activity

communication, based on the findings provided in Table 4.16.
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Table 4.16 Frequency Distribution of Codes belongs to Category of Effective
Communication

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
< In-Activity 4 7 (n=3) 2 - 6 2 (n=2) 2
3‘ Out-of-Activity 3 - - - 1
Py In-Activity 2 - - 1 (n=1) - 3 (n=2) 1
(%’ Out-of-Activity

*n refers to the number of students responsible for the verbal occurrences within interviews

In-Activity Communication

The findings of the current study indicated that communication in-activity was one
of the instructional and educational enablers of the activities. This kind of
communication appeared as intergroup and intragroup interactions during the
activities. To give more details, the students highly interacted with others who were
in their own groups as expected. Additionally, they were also in effective
communication with other groups in the problem-solving process. The teacher
expressed positive opinions on effective communication in the activities during the
interviews of activities. The findings provided in Table 4.16 revealed that he
described these in-activity communication styles as an enabler for all the activities
throughout the first cycle. Most of his descriptions were collected during the
interview of Activity-3 (f=6) in the first cycle. The frequency of his descriptions on
effective communication in activities during the activities of Activity-1 (f=4),
Activity-2 (f=2), Activity-4 (f=2) was quite lower than the third activity in this cycle.
In the second cycle, he expressed the effective communication in activities as an
enabler during the interviews of Activity-1 (f=2), and Activity-4 (f=1). One of these
interviews, the teacher expressed effective inter and intragroup communication

during the activity process.

C1_Al T: There was no problem between the groups. Intergroup

communication was good, and it was also good among groups.
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C1_Al T: Gruplar arasinda bir sorun olmadi. Hani grup igi iletisim iyiydi

ve gruplar arasinda da iyiydi.

The findings related to the students indicated that they also mentioned in-activity
communication as an enabler for the activities. According to the data in Table 4.16,
all the interviewed students in the first activity reported their communication in
activities as one of the enablers at the beginning of the implementation (f=7).
Similarly, two interviewed students described the communication during the
activities as an enabler during the focus group meeting of the third activity (f=2) in
the first cycle. In the second cycle, only one of the interviewed students defined it
during the interview conducted after the second activity (f=1), and two others during
the focus group meeting of Activity-3 (f=3).

Additionally, one of the students implied effective communication during the
activities in the drawing paper. In the explanation of this drawing, the student
claimed that she was introducing the robot to the teacher with other group members

at a table. This drawing (Figure 4-6) and the supported text are in the following:

vrTeacher ) HDCQ

| Group Mate
1

Cardboard 52

~

Figure 4-6 Drawing of S2
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C2_A2_D_S2: We were telling our teacher how we made our robot, what

materials we used. Our teacher was listening to our explanations, as well.

C2_A2_D_S2: Biz 6gretmenimize robotumuzu nasil yaptigimizi, hangi
Malzemeleri kullandigimizi anlatiyoruz. Ogretmenimiz de bizim

anlattiklarimizi dinliyor.
Out-of-Activity Communication

According to the teacher, apart from the effective communication during the
activities, out-of-activity communication was also a crucial enabler for the progress
of the activities properly. For instance, the friendship between the students in the
classroom eased the whole process and affected the activities positively. It was
obvious in the findings provided in Table 4.16 that all the descriptions for the out-
of-activity communication belonged to the teacher. These descriptions were collected
from him only during the Activity-1 (f=3) and Activity-3 (f=1) interviews in the first
cycle. In one of these interviews, the teacher commented on this enabler as in the

following:

C1_A3_T: The good communication among the students in the classroom

affected the process positively.

C1_A3_T: Cocuklarin iletigimlerinin, sinif icerisindeki iletisimlerinin iyi

olmasu stireci olumlu yonde etkiledi.
Essence of Activity

In addition to all the aforementioned enablers, the essence of the activity was the last
educational and instructional enabler of the activities. This category resulted from
the unique features of the activities. According to the findings provided in Table
4.17, the time of activities, and the problem scenario presented in the activity sheet
were these features of activities. It was also apparent in the findings that only the

teacher commented on these features.
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Table 4.17 Frequency Distribution of Codes belongs to Category of Essence of
Activity

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
< Activity Time 4 - 3 - 3 - 2
5 Problem Scenario 6 - 2 - 2 - 1
S Activity Time 4 - - - 1 - 4
L% Problem Scenario

*n refers to the number of students responsible for the verbal occurrences within interviews
Activity Time

The findings in Table 4.17 indicated that the teacher described the activity time as an
enabler for the activities during all the activities in the first cycle. In detail, he
described the time of the activity as one of the enablers during the interview of
Activity-1 (f=4), firstly. In the interview of the next two activities, he reported it
again (f=3). Lastly, he described the time of the activities as one of the enablers of
the activity at the end of the implementation (f=2) in this cycle. In the second cycle,
the frequencies of his descriptions were equal for Activity-1 (f=4) and Activity-4
(f=4). Moreover, he described the time of the activities as enabler during the

interview of the third activity (f=1).

In those interviews, the teacher expressed that the sufficiency of time to complete the
activities was an enabler of the process. According to him, the groups could complete
the activity in time since they had sufficient time to do all their work on time.
Additionally, the schedule of the activities was very appropriate for the
implementation process. The hours of activity were overlapped on the course
schedule. Therefore, the students found the opportunity to go on their works without
any interruption. According to him, this schedule of activity eased the activity

process by saying the following:

C1_A1_T: Its succession made it easier for us. You know, if it had spread to

different times on different days, things would have been left unfinished and
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we would have had to go back to the beginning. We would have gave
reminders, but there was no need for that. They completed it in four lessons

in a day.

C1 Al T: Ard arda olmasi etkinligimizi kolaylastirdi. Hani farkl giinlerde,
farkli saatlere yayilmis olsaydi yapacagimiz seyler yarim kalacakti ve
tekrar basa donecektik. Hatirlatmalar yapacaktik ama bunda oyle biseye

gerek kalmad:. Bir giinde dort ders saati igerisinde tamamlamis oldular.
Problem Scenario

The problem scenario developed for the activities was also considered as an enabler
of the activities by the teacher. The comprehensibility of the problem statement and
its high relation with the context were the key points of this decision. The findings
in Table 4.17 showed that he commented on this enabler only during the interviews
of the first cycle. He referred to it during Activity-1 (f=6) quite more frequently than
other activities in this cycle. During the interviews of the next two activities, he
expressed the scenario of the activity as one of the enablers of the activities again
(f=2). Then, he alluded to it one more time after the last activity (f=1) in this cycle.
During one of these interviews, the teacher commented on the problem scenario that

eased the activity process as in the following:

C1_A2_T: Without the scenario, the problem would be in the air, that is
when we asked the children directly. The scenario contributed to children in

generating even more diverse ideas in their minds.

C1_A2_T: Senaryo olmadan bu problem havada kalicakti, yani diiz bir
sekilde ¢ocuklara sordugumuz zaman. Senaryonun bize zihinlerinde daha
da cesitli fikirler iiretme noktasinda katkist oldu.

Facilities

The findings gathered throughout the data collection and analysis phases of the
current study revealed that the facilities were the other theme of enablers for

problem-solving activities in addition to learning and instructional enablers. These
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facilities were grouped under two categories named as the utilization of resources

and school facilities. The theme and related categories were presented in Figure 4-7.

FACILITIES

Utilization of Resources School Facilities

Figure 4-7 Categories of Facilities Theme

The main data sources for these categories were the interviews with the teacher and
the students in both cycles of the implementation. A code tree which included
categories of the theme and the related codes listed from most cited to least one by
the participants during the interviews presented in Table 4.18. Each category and the
related codes of the facilities in activities were elaborated one by one after this

illustration.

Table 4.18 The Code Tree of Facilities Theme

Categories/Codes Jf
Utilization of Resources 132
Technological Resources 51
Activity Sheet 45
Stationery Materials 36
School Facilities 21
Number of Students 11
Structural Opportunities 10

Utilization of Resources

The utilized resources by the students during the activities were clustered in
technological resources, activity sheet, and stationery materials based on the data
analysis. According to the majority of students and the teacher, the use of these

resources had a positive effect on the progress of activities. The frequency
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distribution of these resources for each activity in two cycles was presented in Table
4.19.

Table 4.19 Frequency Distribution of Codes belongs to Category of Utilization of
Resources

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
. Technological Resources 7 4 (n=2) 5 4 (n=2) 3 - 2 7 (n=2)
%> Activity Sheet - 6(M=3) 7 2(=1) 2 14(n=3)
© Stationery Materials 3 4 (n=3) - 3 (n=1) 3 7 (n=5) 1
N Technological Resources 4 4 (n=4) 2 1(n=1) 2 2(n=2) 3 1(n=1)
%; Activity Sheet 2 1(n=1) - 2(M=2) 2 2(n=2) 5
© Stationery Materials - 6 (n=5) - 5 (n=4) - - - 4 (n=3)

*n refers to the number of students responsible for the verbal occurrences within interviews

Technological Resources

The use of technological resources as an enabler was expressed by the teacher during
the interviews of all activities. The frequency of his comments on the use of these
resources was quite high at the beginning of the implementation in the first cycle
(Activity-1, f=7). According to the findings provided in Table 4.19, this frequency
declined gradually throughout the following weeks of the implementation of this
cycle (including Activity-2, f=5, Activity-3, f=3, Activity-4, f=2). In the second
cycle, the teacher described these resources as a facilitative enabler during the
interview of first activity (f=4) firstly. Then, he repeated the similar expressions for
these resources next two activities with the same frequency (f=2). At the end of the
implementation, he described technological resources as one of the enablers of the

activities one more time (f=3).

The infrastructure of the laboratory was one of the technological resources used by
the students during the activities. The computers in the laboratory, which were highly
qualified and compatible with each other, seemed as one of the other facilitative
enablers of the activities by the teacher. For instance, he expressed the benefits of
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the infrastructure of the laboratory for the process of the first activity in the first cycle

by saying the following:

C1_Al T: Technical infrastructure and computers at a good level were

beneficial for the process.

C1_Al1_T: Teknik altyap: ve bilgisayarlarin iyi olmasi, iyi diizeyde olmast,

stirece faydalr oldu.

Besides, the use of robots was defined as the other facilitative resource of the
activities by the teacher many times (f=8). In one of those expressions, he underlined
the importance of the robots to concretize the solutions during the activity process as

follows:

C1_A3_T: Of course, in the activity here, all groups have already coded
educational robots. By using robots and sensors, they developed solutions
to the problem situation. Without educational robots, children would still be
able to say something about things, they could imagine, they could tell their
dreams, but they saw something concrete by using educational robots, and

it made them happy, so it provided a more positive effect.

C1_A3_T: Tabi buradaki etkinlikte egitsel robotlarin tiim gruplar zaten
kodlamasini yaptilar. Algilayicilar: kullanarak, egitsel robotlar: kullanarak
problem durumuna ¢oziim onerisi gelistirdiler. Egitsel robotlar olmasaydi
cocuklar seyler hakkinda yine bir seyler séyleyebileceklerdi, hayal
edebileceklerdi, aklindan gegen hayalleri séyleyebileceklerdi ama egitsel
robotlart da kullanarak somut bir sey gormiis oldular ve ise yarayacak
¢oziim onerilerini de somut bir sekilde gormiis olmalart onlart mutlu etti ve

daha da olumlu yonde bir etki sagladi.

Similar to what the teacher said, the students reported that the use of well-equipped
laboratories and robots had a positive effect on their problem-solving process. These
facilities specifically eased the activity process for them. One of the students

expressed this effect for the high-qualified robot Kits as in the following:
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C1l A2 FG2_S1: For example, the high quality of the robots eased our

works.]

C1l A2 FG2_S1: [Bizim islerimizi kolaylastiran robotlarin sey olmasi

kaliteli olmasi1 mesela isimizi kolaylastirdl.

According to the frequency distribution of the students’ descriptions in Table 4.19,
two different students reported the use of these technological resources during the
interview of Activity-1 (f=4), Activity-2 (f=4), and Activity-4 (f=7) in the first cycle
of the implementation. In the second cycle, four interviewed students expressed the
use of technical resources as an enabler for Activity-1 (f=4) at the beginning of the
implementation. Then, another one described these resources as an enabler of the
activities during the interview of Activity-2 (f=2). Similarly, these resources were
one of the facilitative enablers of the activities for two students in the third activity
(f=2). At the end of the implementation, only one of the interviewed students
commented on the technological resources as an enabler of the activities lastly (f=1)

in this cycle.
Activity Sheet

Apart from the technological resources, the activity sheet was another facilitative
enabler of the activities, according to the participants. In fact, this sheet was
developed by the researcher to provide the students with a path to follow ill-
structured problem solving-process in the activities. One of the examples of the sheet

is presented in Appendix K.

The findings in Table 4.19 demonstrated that the students started to express the
facilitative aspect of activity sheet during the focus group of the first activity (n=3,
f=6). Next week, only one of the interviewed students described this resource as one
of the enablers (f=1). Then, three students expressed that the activity sheet eased the
activity process (f=1) last time in the first cycle. In the second cycle, the activity
sheet was described as one of the facilitative enablers by one student after the first

activity (f=1) firstly. During the focus group meeting in next two activities, two
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students expressed the facilitative aspect of the activity sheet for the activities lastly
(f=2) in this cycle. Among those interviews, two students commented on the use of

the activity sheet during the focus group meetings as follows:

Cl A2 FG2_S2: For example, it was written there as: "What equipments
will you use?". We separated them one by one and then looked at it (activity
sheet) in the algorithm, too. We looked at the sheet while creating the
algorithm.

C1_A2_FG2_S2: Mesela orada yazryordu "Hangi esyalart
kullanacaksimiz?" diye. Biz onlari tek tek ayirdik ve sonra algortimada da

ona baktik. Algortimayi olusturuken kagida baktik.

C1l_A2 FG2_S1: It may have contributed to us that it might be more
difficult to think of the problem instead of writing it on sheet. It is better to
write. Some of them might slip out of our minds then, but when we write,

nothing slips off our minds.

C1_A2_FG2_S1: Bize problemi mesela kagida yazmak yerine diisiinmek
daha zor olabilir diye bir katkisi olmug olabilir. Yazmak daha iyi. Bazilar

sey sonra aklimizdan ¢ikiyo ama yazinca hi¢ bir sey aklimizdan ¢ikmiyo.

Similarly, the activity sheet was claimed to be one of the enablers by the teacher for
the majority of activities. In the first cycle, he described this facilitative resource as
an enabler during the interviews of Activity-2 (f=7) firstly. Then, he repeated this
aspect of the activity sheet two times during the interview of Activity-2 (f=2). In the
second cycle, the activity sheet was defined as one of the enablers of the activity
process by the teacher after the first activity for the first time (f=2). Likewise, he
commented on the use of activity sheet as one of the enablers of the activities during
the interview of the third activity (f=2). Lastly, he expressed it for the Activity-4
(f=5) in this cycle, according to the findings in Table 4.19. For one of those activities,
he mentioned the effect of the activity sheet on the activity process by saying the

following:
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C2_A4 T: Yes, when they fill the activity sheet, the experience becomes
concrete. Otherwise, we did not try that style directly, 1 did not try it, so we
could give the problem directly without filling the activity sheet, but then
some things could stay in the air .... I cannot make a full comparison right
now, but I think they will have more difficulty or they could not find an

effective solution. At this point, the activity sheet has a major impact.

C2_A4_T: Evet yani etkinlik kagidini doldurduklar: zaman olay
somutlagiyor. Diger tiirlii de o tarz direkt olarak denemedik, denemedim
yani etkinlik kagidini doldurmadan direkt problemi verip de yapabilirlerdi
ama o zaman bazi seyler havada kalabilirdi.... Tam kiyaslama
yapamayacagim su anda ama daha zorlanacaklarini ya da daha etkili
¢oziim bulamayacaklarini diigiiniiyorum ben etkinlik kagidinin bu noktada

biiyiik bir etkisi var.
Stationery Materials

The students utilized the stationery materials during the design stage of the activities.
It was observed during the activities that some of these materials were used for
simulation of the solutions. However, in some cases, these materials were one part
of the solution, and without these materials, the solution was pointless. Regardless
of these purposes of use, the participants reported that these materials were one of
the facilitative enablers of the activities.

The findings of the current study presented in Table 4.19 indicated that the teacher
mentioned the use of stationery materials as an enabler of the activities during the
interview of Activity-1 (f=3), firstly. Then, he referred to this enabler after Activity-
3 (f=3) and Activity-4 (f=3) in the first cycle. He did not report anything about the
facilitative aspect of these materials in the second cycle’s activities. During the
interview of Activity-1 in the first cycle, he commented on the positive aspect of
these materials as they separated the activities from casual course hours by saying

the following:
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C1_Al T: Also, the stationery materials are very positive. | can say that
their use is effective. So if they weren't there, the student would also code it

but it would be similar to what we have seen in our previous lessons.

C1_Al T: Ondan sonra o yardimct malzemeler ¢ok olumlu.
Kullanmimlarinin etkili oldugunu soyleyebilirim. Yani onlar olmasaydi,
cocuk hani kodlayacakti, yani bir énceki derslerimiz de gordiigiimiiziin

benzeri seyleri olacaktt.

The findings with regard to the students provided in Table 4.19 showed that all the
interviewed students in the first activity of the implementation reported the stationery
materials as one of the enablers of the activities(f=4). Then, only one student
expressed it during the focus group meeting of the next activity (f=3). The remaining
descriptions on the use of these resources belonged to five students after the third
activity (f=7) in the first cycle. Five students after the first activity in the second cycle
also described these resources as enabler (f=6). Similarly, other four and three
students mentioned that the stationery materials were the enablers of the activities

during the focus group meeting of Activity-2 (f=5) and Activity-4 (f=4), respectively.

According to these students, especially the delivery method of stationery materials,
which was based on a lot, eased the activity process. In fact, the delivery method of
these materials was an essential problem during early activities. They were given to
the groups one by one. However, the majority of the students were not happy with
this distribution. Therefore, the distribution method was replaced by a new one
havinga system based on lots. In this method, students were required to select an
order number from closed postcards. Then, the stationery materials were given to
them according to the order of the number which they got from the lot. The students
expressed this distribution method as an enabler of the activities in addition to the

use of stationery materials. Two of the students expressed these enablers as follows:

C2_Al FG3_S2: Stationery materials as well. The stationery materials

made our work easier.
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C2_Al FG3_S2: Malzemeler bir de. Malzemeler isimizi kolaylastirdl.

C1_A3 FG3_S1: Then now when you draw lots, when we start to take such

things one by one, the order has found its place.

C1_A3_FG3_S1: Sonra simdi siz kura falan ¢ekince, boyle teker teker

almaya baslayinca o diizen yerini buldu.

School Facilities

The findings of the current study displayed that the school facilities were another
enabler of the ill-structured problem-solving activities. In detail, the number of
students in classrooms and structural opportunities of the school were found as
school facilities based on the analysis of the data gathered from the participants. The
codes of the category and their frequency distribution of these findings were
presented in Table 4.20.

Table 4.20 Frequency Distribution of Codes belongs to Category of School
Facilities

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
- Number of Students 1 - - - 2 1 (n=1)
5’ Structural Opportunities
Py Number of Students 1 - - - 2 - 3 1 (n=1)
Z’>), Structural Opportunities - - - 1(n=1) - 1(n=1) 7 1(n=1)

*n refers to the number of students responsible for the verbal occurrences within interviews

Number of Students

The finding indicated that the number of students in activities, which referred to both
the classroom size and the number of students in groups, made the activities quite
easy. Both the students and the teacher described this facility as an enabler of the
activity process based on the data in Table 4.20. The teacher commented on the
number of students as an enabler three times in the first cycle during the interview

of Activity-1 (f=1) and Activity-3 (f=2). Similarly, he expressed the enabler during
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the interview of the first activity (f=1) and the third one (f=2) in the second cycle.
Additionally, he mentioned the number of students as one of the enablers of the
activities after the last activity (f=3) in this cycle. In one of these activities, the
number of the students in classroom was reported as an enabler by him as the

following:

C1_A3_T: In this event, besides, the low number of students made things a
little easier.

C1_A3_T: Bu etkinlikte farkli olarak 6grenci sayisinin az olmasi biraz daha
belki isleri daha da kolaylastird.

Several students had the same ideas with their teachers about their numbers in
classroom and groups. The findings of them provided in Table 4.20 indicated that
only one of them reported the facilitative aspect of their numbers during the focus
group meeting of Activity-3 (f=1) in the first cycle. Similarly, only one interviewed
students in different groups for Activity-3, Activity-4 in the second cycle (f=1)
commented on the same enabler. One of the students commented on the group size
including three students as an enabler of the activity and the effect of this on the work

as follows:

C2_A4 FG1_S1: It was nice. We did it with S2 last week. It was a little
difficult but it was more comfortable when one more person put his hand.

C2_A4 FG1_S1: Giizeldi yani gegen hafta S2 ile yaptik o zaman biraz

zordu ama bir kisi daha elini koyunca ige daha rahat oldu.

Similarly, the teacher described the groups of three as an enabler of the activities. He

commented on group size as follows:

C2_A4 T: Let me start with this class layout if you want. When grouping
students, it is better to have groups of three, there may be some difficulties

in grouping in four or in two.
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C2_A4_T: Once isterseniz bu sinif diizeninden baslayayim. Ogrencileri
gruplandirirken ticerli gruplandirmanin daha iyi oldugunu, dorderli

gruplandirma ya da ikiserli gruplandirmada biraz sikintilar olabilir.
Structural Opportunities

Structural opportunities were other facilities of the schools. The participants
expressed this as one of the enablers during only the process of the second cycle
based on the findings provided in Table 4.20. In detail, the only one of the
interviewed students reported the structural opportunities of the school as an enabler
during the focus group meeting of Activity-2 (f=1), Activity-3 (f=1), and Activity-4
(f=1) in this cycle. Similarly, the teacher only commented on them during the

interview of Activity-4 (f=7).

According to the participants, the availability of the laboratory used for activities
was one of the structural facilities of the school. The students could use this
laboratory after the course hours. Therefore, this made it one of the enablers of the
activities. Another structural facility of that school was the availability of the library
in the implementation school. In some of the activities, the students used this library
in the first stage of it to fill the activity sheet since the layout of it was more
appropriate to perform group works. Hence, the participants thought that the use of
this library was one of the structural facilities of the school that eased the activity
process. The teacher and one of the students commented on the use of the laboratory

in extra time and the use of the library during the interviews as in the following:

C2_A4 T: I think it is useful for us to use the laboratory to complete their

unfinished activities.

C2_A4_T: Laboratuvart kullanabilmelerinin yarim kalan etkinliklerini

tamamlayabilmeleri noktasinda bize faydasinin oldugunu diisiintiyorum.
C2_A3_FG5_S2: Nice to go to the library, teacher.

C2_A3_FG5_S2: Kiitiiphaneye ¢ikmamiz giizel hocam.
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Challenges of Problem-Solving Activities
Instructional Challenges

The challenges of the activities were also examined for the first sub-research
question. Based on the data analysis results derived from the interviews with
participants, the challenges of the activities were collected under two themes:
“instructional challenges” and “logistic challenges”. Other data sources of the study,
which were the reflection papers, text supported drawings, and the activity sheets,
also supported these themes. Among them, the instructional challenges of the
activities were the barriers that were categorized as group work problems, lack of
readiness, time, goal orientation, motivation, and external challenges. These

categories were illustrated in Figure 4-8.

External Challanges

Group Work Problems

Lack of Motivation

INSTRUCTIONAL CHALLANGES

Goal Orientation Lack of Readiness

Time
Figure 4-8 Categories of Instructional Challenges Theme

These categories and the related codes were given in Table 4.21 which included a
code tree for the categories of the instructional challenges theme listed from most
cited to least one by the participants. Each category and the related codes of the
instructional challenges of activities were elaborated on one by one after the
presentation of the table.
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Table 4.21 The Code Tree of Instructional Challenges Theme

Categories/Codes >f
Group Work Problems 64
Intragroup problems 53
Intergroup problems 11
Lack of Readiness 41
Lack of pre-requisite 26
Misconceptions 10
Low success level 5
Time 39
Duration 20
Schedule 19
Goal Orientation 22
Expanding shift 13
Narrowing shift 9
Lack of Motivation 15

Emotional routers
Unwillingness in duty 4
Lack of video

External Challenges 15

Administrative challenges
Not being with family 4
Readiness of teacher

Group Work Problems

After the analysis of the data, it was found that the most frequently reported
challenge was the group work problems for the activities. These problems were faced
in two kinds during the implementation process. The findings provided in Table 4.22
revealed that the most frequently described group work problems were under the
code of intragroup problems. However, the number of problems between groups
named as intergroup problems was also considerable. The frequency distribution of
the participants’ descriptions on these two types of group work problems for

activities were presented in Table 4.22.
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Table 4.22 Frequency Distribution of Codes belongs to Category of Group Work
Problems

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
< Intragroup problems 4 6 (n=3) 6 - 1 1 (n=1) - 1 (n=1)
Lo>)‘ Intergroup problems 3 3 (n=2) 1 - 1 1 (n=1)
N Intragroup problems 3 9 (n=5) 1 10(m=3) 1 5 (n=5) 2 3 (n=2)
8’ Intergroup problems - - - 1 (n=1) - - 1

*n refers to the number of students responsible for the verbal occurrences within interviews
Intragroup Problems

According to the findings in Table 4.22, the intragroup problems were expressed by
three interviewed students during the focus group meeting of Activity-1 (f=6) firstly
in the first cycle. In contrast, they did not mention these problems for the Activity-2
in this cycle. The frequency of their descriptions concerning the intragroup problems
was equal for the remaining activities in this cycle (f=1). In the second cycle, five
interviewed students described this kind of problems as one of the challenges of the
activities during the focus group meeting of the first activity (f=9). Similarly, in the
next activity three interviewed students continued to explain these problems (f=10).
The frequency of the students declined to five for the third activity (n=5) and three
(n=2).

The findings presented in Table 4.22 indicated that the teacher also mentioned the
intragroup problems. Like the frequency distribution of the students, he reported
these problems in the first cycle more frequently during the interview of Activity-1
(f=4) and Activity-2 (f=6) in comparison to other activities. In this cycle, he did not
mention any of the intragroup problems during the interview of Activity-4. Similarly,
he expressed the most of these problems during the interview of first activity (f=3).
He reported some of these problems only once for the second and the third activity

(f=1) and twice during the interview of last activity (f=2).
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These findings indicated that the intragroup problems were reported by the
participants mostly during the first activities in both cycles and the frequency of
reporting these problems decreased towards the last activities. The potential reasons
for these findings were elaborated on in the discussion chapter of the study.

The intragroup problems were faced mainly as group conflicts during the activity
process. This conflict resulted in resentment within groups and negligence of the
division of labor. Additionally, mobbing in groups was another result of the conflict
in group works. The mobbing was reported by the students as violence from other
group members in some cases. These students committing violence prevented group
members from doing their works and pressured them to leave the group, according
to students affected by this mobbing. This exclusion of the group members was one

of the barriers of activity process, as expressed by the teacher as follows:

C1_Al T: Some of our students got angry with their friends during group
interaction. | encountered problems such as thinking that I am not doing
anything, or they are not taking me as long as they are not doing what | am

saying. This was a situation that affected us negatively.

C1_A1_T: Bazi dgrencilerimizin grup etkilesimi sirasinda, arkadagslariyla
kiisme durumlart oldu. Ben bir sey yapmiyorum gibi diisiinmeleri, ya da
stirece beni almiyorlar, benim dediklerimi yapmiyorlar seklinde gibi

sorunlarla karsilastim. Bu bizi olumsuz etkileyen bir durum oldu.

The disengagement from groups as intragroup problem was an important challenge
of the activities. However, this disengagement was not only the result of conflicts
between the students during the activities. In some cases, the students were not
willing to participate in the group works. They usually desired to be in another group,
or they were completely uninterested in activities. For instance, one of the students
complained about the group members' irresponsibility on the work as in the

following:
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C2_A2 FG2_S1: Itis going well, but sometimes there are situations that
some friends do not help. For example, when the task distribution is done,

somebody does not bring the objects.

C2_A2_FG2_S1: Giizel gidiyor ama bazen yardim etmedigi yonleri oluyo
bazi arkadaslarin. Mesela biri gorev dagilimi yaptigimizda esyasini

getirmiyor mesela.
Intergroup Problems

Beside the aforementioned intragroup challenges, the intergroup problems occurred
during the activities. According to the findings in Table 4.22, these intergroup
problems were described by two students during the interview of Activity-1 (f=3)
firstly in the first cycle. Then only one of the interviewed students expressed them
during the interview of the third activity in this cycle. In the second cycle, one of the
students referred to the intergroup problems as one of the challenges of the activities
for only Activity-2 (f=1).

According to the students, the intergroup problems were all about the competitive
interactions among groups during the activities. Some of these interactions led to
irreversible issues; for instance, the students in groups exposed to this interaction
since they usually thought that they fell back from others. This resulted in a lower
motivation level for those students. Therefore, these competitive interactions among
the groups was an important challenge of the activities. One of the students described

this challenge as the following:

C1l_Al FG1_S1: Teacher, I am so tired of such things: my friends came to
us and said you could not do it, or you did the same so that would not work.

It was too much.

C1_Al1_FG1_S1: Hocam ben bir de sunlardan yoruldum arkadaglarim

gelip bize sen yapamadin, sen aynisini yaptin, bu olmaz. Oyle ¢ok oldu.

The teacher also commented on the result of competitive interactions, which the

students felt in a state of comparison arising from the interaction with others. He
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underlined that students, especially who finished later in stages of the activities, were

demoralized very quickly during the problem-solving process as:

C1_Al T: There were students who thought that they would not complete in
time by looking at other groups. They told me that “Teacher, we are back.
Other friends have already finished. They passed on to the coding section.
We are still on fish bone section. “They said they would not complete their

work.

C1_Al1_T: Simdi soyle ogrencilerin diger gruplara bakarak
yetistiremeyeceklerini diistinen ogrenciler oldu. Bunu bana séylediler.
Hocam biz geri kaldik, diger arkadaslar bitirdiler. Kodlama kismina
gectiler. Biz daha balik kil¢igindayiz seklinde. Hani yetistirmeyeceklerini
soylediler.

As the excerpt above, he expressed that the intergroup problems mostly accured
during the interview of Activity-1(f=3) in the first cycle. Furthermore, he reported
them as one of the challenges of the activities during the interview of Activity-2 (f=1)
and Activity-3 (f=1) in this cycle. In the second cycle, he only mentioned one of
these problems during the interview of last activity (f=1), according to the findings
in Table 4.22.

Lack of Readiness

The finding of the current study revealed that the lack of readiness for the activities
affected the activity process negatively. According to those findings, the lack of
prerequisites, the misconceptions, and low success level caused this deficiency.
Therefore, the students, who had some of these underlying factors, faced several
difficulties during the activity process. These underlying factors and the frequency

of the participants' descriptions on both factors were indicated in Table 4.23.
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Table 4.23 Frequency Distribution of Codes belongs to Category of Lack of
Readiness

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
. Lack of pre-requisite 1 - 4 1 (n=1) - - 2
i Misconceptions 4 - 3
© Low success level
N Lack of pre-requisite 7 - 2 1 (n=1) 4 - 4
i Misconceptions 2 1(n=1)
© Low success level 2 - - - - - 3

*n refers to the number of students responsible for the verbal occurrences within interviews

Lack of Pre-requisite

According to the findings, the students who had not enough prior knowledge and the
required skills for the activities often failed to complete the activity properly. This
required knowledge was mainly the corresponding subjects with the activity.
Moreover, the knowledge base on the subjects of the previous year also resulted in a
lack of prerequisites. In addition to previous knowledge, the lack of required skills
such as working collaboratively, programming, problem-solving, and use of
stationery materials were other prerequisites, and these skills made the activity

process difficult with their deficiency.

The findings provided in Table 4.23 revealed that the lack of the prerequisites was
reported mostly by the teacher in the first cycle. He mentioned them firstly during
the interview of Activity-1 (f=1) in this cycle. Then, during the second week
interview, he reported the lack of the prerequisites as one of the challenges again
(f=4). Last time in this cycle, he expressed the challenge one more time at the end of
the implementation process (f=1). In the second cycle, the frequency of his
descriptions concerning the lack of prerequisites was quite higher for Activity-1
(f=7) in comparison to other activities. During the interview of the second activity,
he referred to the challenge again (f=2). In the remaining activities in this cycle, he

mentioned the lack of the prerequisites as one of the instructional challenges with
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equal frequency (f=4). In one of those activities, he defined the lack of previous year
knowledge based on problem-solving as a challenge of the activities. According to
him, this deficiency was the reason why the activities could not be started
immediately at the beginning of the semester. He commented as in the following:

C2_A4 _T: In fifth grade lessons, the students were supposed to cover the
subject of problem-solving, but they have not studied the subject since last
year a teacher not from our field attended the lesson. They said they studied
other classic subjects as fundamental Office Editors. We tried to create
prior knowledge via the studies at the beginning of the semester. Yet, we

could have started the activities directly.

C2_A4_T: Bilgisayar dersindeki normalde besinci sinifta hani 6grencilerin
bu konuyu gormeleri gerekiyordu, problem ¢ézme konusu ama beginci
swnifta kendi alanimizdan bir 6gretmen derse girmedigi icin bu konuyu
gormemislerdi. Bilgisayar ogretmeni baska klasik konulari temel Office
programlarini gordiiklerini séylediler. Onbilgi olarak hani bu dénemin
basinda yaptigimiz ¢alismalarla onbilgiyi olusturmaya ¢alistik. Halbuki
direkt olarak etkinliklere de ge¢ilebilirdi.

One of the interviewed students mentioned the lack of prerequisites as a challenge
for the activities during the focus group meeting of Activity-3 (f=1) in the first cycle.
Similarly, only one of them expressed the deficiency of prerequisites for the second
activity (f=1), in the second cycle, based on these findings presented in Table 4.23.
One of those students defined the deficiency of the ability to use the stationery

materials as a challenge by saying the following:

C2_A2_FG2_S1: The things that make it difficult may be the tape because
some do not know how to use double-sided tape since as you tear it up, it

wrinkles immediately.
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C2_A2 FG2_S1: Zorlastiran seyler de belki bant olabilir baska taraflarda
¢clinkii ¢ift tarafli bant kullanmasint bilmeyenler. Onu kopariyosun ve hemen

burusuyor.
Misconceptions

Misconceptions on the subjects in both courses of information technologies and
software (ITS) and science were another challenge about the readiness of the students
during the activities. For instance, in the first activity, the students faced several
troubles since they had misconceptions about the subject of friction force. Similarly,
the misconceptions on programming the robots brought several challenges such as
using the wrong sensors. In addition to misconceptions on the subjects, there were
also misconceptions about filling parts in the activity sheet. For instance, several
students were observed that they were writing the results of the ill-structured problem
on the blank branches of the fishbone part of the activity sheet instead of the reasons.
The the misconception of filling the activity sheet parts was described as in the

following:

C1_Al_T: They just wrote the reason for the problem in the head area.
They wrote the main reasons for the other fields. But, some of them wrote
the solutions in the bottom area. Instead of writing the reasons under the

subtitle, there were those who wrote the solution suggestions there.

C1_Al_T: Sadece o hani o balik kil¢igindaki problemin nedenini o bas
kisma yazdilar. O diger béliimlere ana nedenleri yazdilar. Sadece alt tarafa
hani ¢oziim onerilerini yazanlar oldu. Hani alt bashk altinda nedenlerini

yazmak yerine oraya ¢oziim onerilerini de yazanlar oldu.

All the aforementioned misconceptions were expressed by only the teacher during
the interview of Activity-1 (f=4) and Activity-2 (f=3) in the first cycle. Additionally,
he referred to the misconceptions as one of the challenges of the activities during the
interview of the first activity (f=2) in the second cycle, according to the findings in
Table 4.23.
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The findings provided in Table 4.23 also indicated that only one of the interviewed
students described the misconception for the first activity (f=1) in the second cycle.
This student expressed his/her misconception on science subject in this activity as in
the following:

C2_Al FG3_S3: Teacher, | thought we would reduce the friction force.

C2_Al FG3_S3: Hocam ben sey siirtiinme kuvvetini azaltacagiz

zannediyordum.
Low Success Level

Similarly, the low success level of the students was found as another challenge under
the category of lack of readiness in the current study. Based on this challenge, the
students who had a low success level in not only the related courses but also in other
courses had difficulties during the activity process. This result indicated the
importance of the other courses such as linguistic on the students’ readiness for the

activities.

The findings shown in Table 4.23 indicated that only the teacher expressed the low
success level of students as a challenge for the activities. He mentioned this success
level during only the interviews of Activity-1 (f=2) and Activity-4 (f=3) in the second
cycle. According to him, the low level of students’ success was a significant
predictor of the troubles of the activities that students faced during the activities. He

commented on this challenge as follows:

C2_A4 T: While expressing themselves there, some students especially in
male class had problems even at the point of forming the sentences. So it is
clear and obvious that these students are not good at Turkish lessons and
they have weakness there.

C2_A4_T: Oradaki kendilerini ifade ederken ki o noktada ciimleye mesela
¢ok seydi bazi ozellikle erkek sinifindaki 6grencilerde ciimle kurma

noktasinda dahi sikintilar vardi. Yani orada bu ¢ocuklarin Tiirkce
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derslerinin ¢ok iyi olmadigi zayif oldugu ac¢ik ve asikar bir sekilde belli

oluyor.
Time

The time of the activities was found as one of the challenges based on the findings
of the current study. The underlying factors of this challenge were the duration and
the schedule of the activities. Some of the participants agreed that the duration of the
activities prevented them from solving the ill-structured problems in time.
Additionally, the schedule of the activities brought several difficulties to the
students. Therefore, some of them needed extra effort to overcome these troubles
during the implementation process. The underlying factors of the time with the

frequency distribution of the participants’ descriptions were given in Table 4.24.

Table 4.24 Frequency Distribution of Codes belongs to Category of Time

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
- Duration 1 - = - 4 5 (n=2)
o
3 Schedule - - 5 - 3 - 3 1 (n=1)
Py Duration 4 2 (n=2) - - - 1(n=1) 2 1 (n=1)
2
O Schedule - - - - - - 6 1(n=1)

*n refers to the number of students responsible for the verbal occurrences within interviews

Duration

The findings presented in Table 4.24 indicated that the duration of the activities as a
challenge was reported only by two students during focus group meeting of Activity-
3 (f=5) in the first cycle. In the second activity, the students mentioned this challenge
for Activity-1 (n=2, f=2) firstly. Then, one of the interviewed students reported the
duration of the activities as one of the challenges during the focus group meeting of
Activity-3 (f=1) and Activity-4 (f=1).

According to the students, the duration was one of the main barriers they faced

during the activities. In fact, the students mostly complained about the insufficient
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time when they did not finish their work at the end of the activity. According to those
students, this challenge obstructed them from creating their dreams. Therefore, they
did not finish their activity as their wish. One of the students during the focus group

interview commented on this as in the following:

C1_A3 FG1_S1: This is the top layer. As you see now, we wanted to create
a new layer below but the time was not sufficient. We were going to create a
colorful layer below the colorless one.

Cl A3 FGI1 _SI1: Su anda bu iistii, altinda gérdiigiiniiz gibi altina bir kat
daha yapacaktik ama zamanimiz yetmedi. Bu renksiz altina bir tane daha

renkli bir kat yapacaktik.

Similarly, according to the teacher, it was challenging for the students to design the
products that are exactly in their minds during the activities because of the
insufficiency of the time. According to him, the duration of the activities was mostly
a problem during the beginning of the implementationswhen the students were not

experienced enough for the activities. He expressed this as follows:

C2_Al_T: The first activity took too long. It might be because the children
had not done such activity before or might be because they did not fully
understand it. You know, we had to extend the duration of the first activity a
little.

C2_Al _T: Birinci etkinlik ¢ok uzun siirdii. Burada ¢ocuklarin hani daha
oncesinde boyle bir etkinlik yapmamig olmalarindan dolay: ya da tam
olarak belki anlamadiklarindan dolayr da olabilir. Hani o etkinligi biraz

uzatmak durumunda kaldik. Birinci etkinligin siiresini.

The teacher implied the importance of the inexperience of the students on the
duration of the activities. Similar to this expression, the duration of the activities was
mentioned by the teacher during the interview of Activity-3 (f=4) in the first cycle.
In the second cycle, he expressed this challenge for Activity-1 (f=4) and Activity-4
(f=2), according to the findings presented in Table 4.24.
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Schedule

In addition to the duration of the activities, the schedule of them was also reported
as a challenge by the participants. According to the findings in Table 4.24, one of
the students expressed this challenge for Activity-4 (f=1) in the first cycle. This
student complained about the schedule of the activities because it coincided with
Ramadan. According to him, since they were fasting in Ramadan, it was difficult to
conduct the activity properly. Similarly, another student reported this challenge for
the Activity-4 (f=1) in the second cycle. According to this student, it was not easy to

complete the activity due to the fact that it was conducted at the end of the semester.

The teacher also commented on the challenges regarding the schedule of the
activities. According to the findings presented in Table 4.24, he described the
schedule of the activities as one of the challenges during the interview of Activity-2
(f=5), Activity-3 (f=3), and Activity-4 (f=3) in the first cycle. In the second cycle, he
mentioned the challenge about schedule of the activities only during the interview of

last activity (f=6).

The activities lasted until the end of the semester in both cycles. As the students, the
teacher also reported being at the end of the semester as a difficulty for the activities.
To him, the reason for the decline of students' participation in the activities was the

result of this scheduling.

C2_A4 T: Yes, since it is the end of the semester, the lastweeks, the students

did not join in.

C2_A4_T: Evet iste donem sonu oldugu icin son haftalar oldugu icin hani

ogrenciler gelmediler.
Goal Orientation

During the activity time, the students had to focus on a goal aiming at solving the ill-
structured problem presented in the activity sheet. However, several students had
difficulties in this focus, and they went quickly beyond the goal of the activity. This
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goal orientation occurred in two ways: expanding shift and narrowing shift, as they
were shown in Table 4.25.

Table 4.25 Frequency Distribution of Codes belongs to Category of Goal
Orientation

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
< Expanding shift 4 - 1 - 3
Lo>)‘ Narrowing shift - - - - 4
N Expanding shift 2 - - 1(n=1) - 1(n=1) 1
8‘ Narrowing shift - 4 (n=3) - - - - 1

*n refers to the number of students responsible for the verbal occurrences within interviews

Expanding Shift

The expanding shift of students’ focus was mentioned by only the teacher in both
cycles. According to him, some of the students thought the course as gameplay in
previous years. Therefore, they usually asked to play computer games during their
early activities. The distracting elements were not only the computer games during
the activities. The stationery materials also had a distracting aspect for the students,
and the students caught up quickly in this alluring aspect during the activity time. As
a result, in both cases, the students went beyond the scope of the activities. An
example of this situation was that they found a solution for non-handicapped people
for Activity-3 while the problem statement asked a solution for the disabled. This

was expressed by the teacher as follows:

C1 A3 _T: The problem situation was at a level that children could
understand, but as | said,though they watched the disabilities in the video,
on the point of thinking only the disabled people when solving the problem,
they did something for non-handicapped people, not the disabled.

C1_A3_T: Problem durumu ¢ocuklarin anlayabilecegi seviyedeyd;,
diizeydeydi ama dedigim gibi...engelli olarak ve de sadece engellileri
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diistinme noktasini video da izlediler ama problem ¢ozerken engellileri

degil de normal vatandagslara gore de yaptiklar: oldu.

The findings in Table 4.25 revealed that the teacher described the expanding shift
during the interview of Activity-1 (f=4) for first time in the first cycle. Then, he
reported this challenge during the interview of Activity-2 (f=1) and Activity-3 (f=3).
However, he did not report anything about the expanding shift for Activity-4 in this
cycle. Similarly, he did not defined this shift as a challenge for Activity-2 and
Activity-3 in the second cycle. By contrast, he reported them during the interviews
of Activity-1 (f=2) and Activity-4 (f=1) in this cycle. One of these activities, the
teacher referred to the expanding shift with the stationery materials during activity

as in the following:

C1_Al_T: While students were coding, they put the codes into the second
plan and tried to prepare the product via stationery materials. The effect of

the allure of that materials was like that for the students there.

C1_Al T: Orada kod yazarken hani, kodlamay: hani belli noktalarda hani
biraz ikinci plana atip daha ¢ok hani o malzemelerden bir tiriin ortaya
ctkarmaya ¢alistilar. Oradaki malzemelerin vermis oldugu albeninin

cocuklara etkisi bu sekilde oldu.
Narrowing Shift

In the second way of goal orientation, the focus of students became narrower during
the activity process. The students described the reason for this shift as the absence
of the option of turning back during the activity process. According to them, they
came up with several new paths when they were going on their solution. However,
the time of these discoveries was usually too late to go back and apply them.
Therefore, this shift was a barrier for them to complete the activity as they wished.
According to the findings related to the students provided in Table 4.25, the reason
for the narrowing shift was expressed for only the Activity-1 (f=4) in the second

cycle. One of the students commented on this shift as in the following:
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C2_Al FG2_S1: So it came to our mind after doing it. Then, there would

be no turning back.

C2 Al FG2 SI1: Yani yaptiktan sonra aklimiza geliyor. Sonra da geri

dontisti olmuyor.

The findings in Table 4.25 indicated that the teacher reported the narrowing shift of
goal orientation for only two activities in both cycles. In detail, he expressed this
challenge during the interviews of Activity-3 (f=4) in the first cycle and Activity-4
(f=1) in the second cycle. According to him, the students narrowed their goals by
focusing on a specific solution. The activity process was usually affected by this shift
negatively since the students could not see other solution paths of the ill-structured

problem. He expressed this as in the following:

C1_A3_T: ...the subject has a very broad set of solutions, but the students

have directed to a certain natural disaster and a disability group.

C1_A3_T: ...¢ok genis bir ¢oziim kiimesi olan bir konu ama 6grenciler hep

belli bir dogal afeti ve belli bir engel grubuna yonlendiler.
Lack of Motivation

The findings of the current study revealed that the lack of students’ motivation was
another challenge of the activities. The factors resulting as the low level of
motivation were emotional routers, unwillingness on duty, and the lack of video,

based on the findings provided in Table 4.26.
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Table 4.26 Frequency Distribution of Codes belongs to Category of Motivation

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
. Emotional routers - - - - - 2 (n=2) -
%; Unwillingness in duty - 1 (n=1) - 1 (n=1) - - -
© Lack of video - - - - - - -
N Emotional routers - - - 3 (n=2) - 4 (n=3) -
%; Unwillingness in duty 1 - - - - 1(n=1) -
° Lack of video - - - - - - 2

*n refers to the number of students responsible for the verbal occurrences within interviews

Emotional Routers

One aspect of the instructional challenges for the motivation of students was
emotional routers. In fact, the motivation of students usually decreased during the
activity process when there were emotional routers. These emotional routers were
mainly about the scenario of the activity or the content of the video. According to the
findings provided in Table 4.26, only the students reported these routers. In detail,
two students described these emotional routers as a source of low motivation in the
first cycle. The challenge was described during the focus group meeting of Activity-
3 (f=2) in this cycle. In the second cycle, two students described them as a challenge
during the interview of Activity-2 (f=3) firstly. Then, three interviewed students
reported emotional routers as one of the instructional challenges of the activities

during the focus group meeting conducted after the third activity (f=4) last time.

The interviewed students after the second activity expressed that they felt unhappy
because they thought that people would not use the solution they found during the
activity. Other emotional routers were expressed by the students who were
interviewed after the third activity. They commented that they felt unhappy about
watching a video that was about disabled people. Some of them also complained
about the scenario of the activity, which contained natural disasters and disabled

people. According to them, talking about the people with disabilities experienced
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difficulties in natural disasters was upsetting for them. One of the students

commented on this as in the following:

C1_A3 FG3_S1: Talking about the hearing and visually impaired people is

the negative side. This could be something. We were sorry about it.

C1_A3_FG3_S1: Olumsuz yénii isitme ve gérme engelliler yani onlarin

hakkinda konustuk. Bu sey olabilir. Uziildiik.
Unwillingness in Duty

In some cases, the lack of motivation in activities emerged as an unwillingness in
duty. According to the findings presented in Table 4.26, this unwillingness expressed
by only one of the interviewed students during the interviews of Activity-1 (f=1) and
Activity-2 (f=1) in the first cycle. In the second cycle, again only one student reported
this challenge during the focus group meeting of Activity-3 (f=1). According to these
students, the duty determined via division of labor within the group was interrupted
in some cases since some of them did not want to do that work. One of the students
expressed the unwillingness in programming the robot as follows:

C1_Al FG1_S3: None of us wanted to program the robot.
C1_Al_FG1_S3: Higbirimiz robotu programlamak istemiyorduk.

The teacher also commented on this unwillingness as a challenge during the
interview of Activity-1 (f=1) in the second cycle. He expressed the unwillingness of
students to fill the activity sheet and its effect on the activity process as in the

following:

C2_Al _T: ...being unwilling to fill the activity sheet completely emerged as

a negative situation for us.

C2_Al1_T: ...etkinlik kagidini tam olarak dolduramamalart o konuda

isteksiz olmalart olumsuz bir durum olarak bizim karsimiza ¢ikti.
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Lack of Video

The lack of the video, another factor of the low level of motivation, was expressed
by only the teacher. He commented on this for only the Activity-4 (f=2) in the second
cycle based on the findings in Table 4.26. According to him, the attention of students
was not drawn since the video was not used in this activity. Therefore, the students

had difficulties in understanding the problem clearly. This challenge was expressed
by the teacher as follows:

C2_A4 _T: The reason for the pendency of the event in the fourth activity
might be related to the absence of the video.

C2_A4_T: Dordiincii etkinlikte olayin biraz havada kalmasi o etkinlikte

videonun olmamasi ile ilgili olabilir.

External Challenges

The remaining instructional challenges of the activities were categorized as external
challenges which were all about the administrative issues, living conditions and the
readiness of the teacher. According to the data provided in Table 4.27, only the
teacher mentioned these challenges.

Table 4.27 Frequency Distribution of Codes belongs to Category of External
Challenges

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
. Administrative challenges
§ Not being with family
© Readiness of teacher - - - - 1
N Administrative challenges 6 - - - - - 2
§ Not being with family 1 - - - - - 3
© Readiness of teacher 2
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Administrative Challenges

The administrative tasks for the teacher in the second cycle were among the external
administrative challenges. The teacher had to leave the activity and go to those tasks
during the implementation. Therefore, these tasks were a significant obstacle to the
activity process. Additionally, in the same cycle, there was a compulsory student
exchange between the classes that was pushed by the administration of the school.

This exchange affected the activity process negatively.

These external administrative challenges were expressed by the teacher for only
Activity-1 (f=6) and Activity-4 (f=2) in the second cycle, based on the data provided

in Table 4.27. He expressed one of these challenges as the following:

C2_A4 _T: In addition, the exchange of students in the male group caused
recreating the groups. In other words, our course may be negatively
affected due to a situation outside the classroom where we cannot be

involved.

C2_A4_T: Bir de erkek grubunda ogrenci degisiminin olmus olmasi bizim
isimizi tekrar gruplarin olusturulmasina neden oldu. Yani sinif digindaki
bizim dahil olamadigimiz miidahil olamadigimiz bir durumdan dolay:

dersimiz olumsuz bir sekilde etkilenmis olabilir.
Not Being with Family

Not being with family was a specific condition for the second cycle of the study.
Several students in this cycle had to stay at dormitories since they were away from
their homes. This challenge was encountered during all activities. However, the
teacher expressed not being with family as a challenge during only the interviews of
Activity-1 (f=1) and Activity-4 (f=3), based on the data presented in Table 4.27.
According to him, the students who stayed at the dormitory could not participate in

the activities as ready. He expressed this as follows:
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C2_A4 T: That some students do not have a regular sleep time since they
stay in dormitories, different dormitories, not at home, not with their

families.

C2_A4 T: Bazi ogrencilerin hani yurtta kalmasi yani evde degil de
aileleriyle degil de iste farkl yurtlarda kalmalarindan dolay: bir uyku

saatinin olmamasi.
Readiness of Teacher

The readiness of the teacher was also one of the external challenges of the activities.
According to the findings provided in Table 4.27, the temporary health problems
affected the readiness of the teacher for the activities. The teacher expressed these
health problems as a readiness challenge for only Activity-1 (f=2) in the second
cycle. Additionally, the teacher was not feeling sufficient for design. He expressed
this was a readiness problem, too. Consequently, he reported that he could not help
students with their designs during Activity-3 (f=1) in the first cycle. He commented

on this as in the following:

C1_A3_T: In the design phase, my skill is very limited so | can not even do
most of the things that students do in design such as the bonding cardboard

that way and so on.

C1_A3_T: Tasarim béliimiinde hem kendi becerim ¢ok sinirli diizeyde hatta
cocuklarin tasarim boyutunda yaptiklar: seylerin ¢cogunu ben

vapamayabilirim yani. O sekilde karton birlestirmedir, seydir hani.
Logistic Challenges

The results of the data analysis of the current study indicated that the logistic
challenges were the second theme of the challenges of the activities. This theme was
constituted by two categories: resource problems and learning environment. The

theme and the related categories were presented in Figure 4-9.
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LOGISTIC CHALLANGES

Learning Environment Resource Problems

Figure 4-9 Categories of Logistic Challenges Theme

The data sources for these categories were the interviews with the teacher and the
students in both cycles of the implementation. A code tree including categories of
both categories and the related codes for each category listed from most cited to the
least was presented in Table 4.28. The categories and the related codes of them were

elaborated one by one under this presentation.

Table 4.28 The Code Tree of Logistic Challenges Theme

Categories/Codes 2f

Resource Problems 90
Problems of stationery materials 42
Robotic problems 39
Infrastructural problems 9

Learning Environment 44
Noise 29

Classroom structure
Classroom size
Violation of rules

Resource Problems

There were several types of resources that the students utilized to solve the given ill-
structured problem during the activities. The students often faced several problems
with these resources. The majority of these problems were mainly about stationery
materials and robots. Additionally, some infrastructural problems also appeared
during the process. All of these problems were reported as one of the challenges of
activities by the participants. The frequency distribution of the participants’

descriptions on the problems about these resources were provided in Table 4.29.
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Table 4.29 Frequency Distribution of Codes belongs to Category of Resource
Problems

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
. Problems of stationery materials 1 8 (n=3) - 2 (n=1) 2 8 (n=3) - 2 (n=2)
i Robotic problems 11 10(n=3) - - 1 4 (n=2) -
© Infrastructural problems - - - - - - -
N Problems of stationery materials 1 5 (n=4) - 10(n=6) - - 1 2 (n=2)
é Robotic problems - 2 (n=2) - 7 (n=4) - 4 (n=4) -
© Infrastructural problems 5 - 2 - - - 2

*n refers to the number of students responsible for the verbal occurrences within interviews

Problems of Stationery Materials

The distribution of stationery materials was one of the problematic situations during
the activities, according to both students and the teacher. Especially for the first
activities of the implementation in the first cycle, these materials were given to the
students randomly. For this activity, a great deal of chaos was observed by the
researcher during the distribution of them. It was also obvious that some students
envied these products from others in several activities, so they took various ways to
own them. Additionally, some of these materials were not suitable for the age group
of the students. Therefore, these specific materials such as a razor blade knife could
not be used by the students. The teacher and the researcher used these materials
instead of the students during the activities. All of these problems with the resource
of stationery materials was one of the challenges of the activities, according to the

participants.

According to the findings related to participants in Table 4.29, problems about the
stationery materials as a challenge for the activities were reported by all interviewed
students during the focus group meeting of Activity-1 (f=8) at the beginning of the
first cycle. Next week, these problems were mentioned by only one of the
interviewed students (f=2). Then, three interviewed students reported these problems

during the focus group meeting of the third activity (f=8). During the last interviews,
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two of the students mentioned these problems again in this cycle (f=2). In the second
cycle, the students did not report any of the problems with stationery materials for
Activity-3. However, six students described most of these problems with the
stationery materials for Activity-2 (f=10) in this cycle. Similarly, four students
during Activity-1 (f=5) and two students in Activity-4 (f=2) described the problems
of stationery materials as one of the challenge of the activities in this cycle. In
addition to these interviews, these problems were also reported on the reflection
papers in this cycle. For instance, one of the students referred to the distribution
problem of these materials on the reflection paper of the first activity as in the

following:

C2_Al R _S7: Some of our friends have stored things that they want to use

somewhere beforehand.

C2 Al R S7: Bazi arkadagslarimiz kullanacaklari esyalart daha onceden

bir yerlere sakladilar.

The teacher also expressed the problems of stationery materials as a challenge for
the activities. He described these problems for Activity-1 (f=1) at the beginning of
the implementation and repeated them during the interview of Activity-3 (f=2) in the
first cycle. Similarly, his descriptions concerning the problematic issues about the
stationery materials belonged to the interviews of Activity-1 (f=1) and Activity-4
(f=1) in the second cycle, as demonstrated by the data presented in Table 4.29. One
of those descriptions was about stationery materials that were not suitable for

children's ages as follows:

C1_A3_T: During the design, the materials that children could use in that
age group is more limited, the time is already limited, and the materials
they can use is also limited. For instance, they did not use such materials as

utility knife, nails, and hammer, which were sharp objects.

C1_A3_T: Tasarim sirasida hani malzemeler hani ¢ocuklarin o yas

grubunda kullanabilecegi malzemeler daha sinirli, zaman zaten sinirli,
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kullanabilecegi malzemeler sinirl ornegin maket bicaginin kullaniminda

hani kesici aletler ya da ¢ivi gibi, ¢eki¢ gibi seyler hani kullanmadilar.
Robotic problems

The findings in Table 4.29 indicated that another problem encountered during the
activities about the resources was related to robots and their pieces. This problem
was expressed by all the interviewed students for Activity-1 (f=10) at the beginning
of the implementation. Then, other two students expressed the problems about the
robots during the focus group meeting of Activity-3 (f=4) in this cycle. In contrast,
the students did not mention the problem with robots during the interview of second
and forth activity in this cycle. Likewise, they did not describe the problems about
robots and their pieces as a challenge for Activity-4 in the second cycle. In contrast,
two students described the robotic problems during the interview of the first activity.
Similarly, four students who participated in the focus group meeting expressed this
kind of problems after the second activity (f=7). Other four interviewed students also
reported the problems about the robots and their pieces during the focus group

meeting of Activity-3 (f=4) in this cycle.

In their descriptions, the students mostly underlined the problem of the durability of
robot kits. Breakdown of the robots’ pieces during the activity was an important
challenge, according to them. One of the students expressed the problem with the
wheels of robots as in the following:

C2_A3 FG4_S2: A wheel came out of its place and then we put it back in.
The other wheel, the left one, didn't fit its place.

C2_A3_FG4_S2: Bir de bir tekerlek ¢cikti onu tekrar taktik. Obiirii de tam

girmedi su sol teker.

In addition to the breakdown of robots, the teacher also commented on the
insufficiency of the robotic kits as a challenge for the activities. His descriptions on
the issues of insufficiency and durability of the robotic kits were quite high for
Activity-1 (f=11) at the beginning of the first cycle. Then, he expressed one of these
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issues during the interview of the third activity one more time in this cycle. On the
contrary, he did not mention these problems for Activity-2 and Activity-4 in this
cycle as well as all activities in the second cycle. In one of his descriptions, he put
forward that these problems restricted students from developing alternative solutions

by saying the following:

C1_A3_T: The parts of the robot are not exactly enough. There are limited

number of sensors.

C1_Al1_T: Ya da robotun parcalari tam olarak yeterli degil. Algilayicilar

hani simirli sayida.
Infrastructural Problems

According to the findings provided in Table 4.29, only the teacher reported the
infrastructural problems as a challenge for the activities. In detail, he did not
specified any infrastructural problem for the activities in the first cycle. On the other
hand, he described these problems as a challenge for almost all activities in the
second cycle. The frequency of his descriptions on these problems was quite high
for Activity-1 (f=5). In contrast, he described these problems for Activity-2 (f=2),
and Activity-4 (f=2) with a lower frequency.

According to the teacher, these infrastructural problems of the laboratory caused
several technical challenges such as connection problems of robots to the computers

during the activities. The teacher expressed this challenge as in the following:

C2_A4 T: Another negative situation is that we had technical difficulties.
Just as the computer didn't recognize the cards, it caused a prolongation of

our time at the first activity and caused the reduce of efficiency.

C2_A4_T: Diger bir olumsuz durum teknik sikintilar yasanmisti. Iste
bilgisayarin kartlar: tanimamasi gibi o da bizim ilk etkinlikte siiremizin

uzamasina neden oldu ve verimin diismesine neden oldu.
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Learning Environment

The findings of the current study revealed that the last category of logistic challenges
was all about the learning environment. Among these challenges, the noise was one
of the crucial environmental problems during the activities. The majority of the
participants expressed that they were negatively affected by the noise during the
activity. Additionally, the participants reported several issues about the classroom
structure, the classroom size, and the violation of rules as the source of learning
environment challenges. The frequency distribution of the participants’ descriptions

concerning these sources of the challenges was given in Table 4.30.

Table 4.30 Frequency Distribution of Codes belongs to Category of Learning
Environment

Activity 1 Activity 2 Activity 3 Activity 4
Codes/Participants T S T S T S T S
Noise 2 8 (n=3) - 4 (n=2) - 1(n=1)
- Classroom structure - - - - - -
3‘ Classroom size - - - - - -
Violation of rules - - - - - -
Noise 1 2 (n=2) - 2 (n=2) - 6 (n=6) 2 1 (n=1)
P Classroom structure 5 - - - - 1(n=1) 1
(%‘ Classroom size 3 - - - - - 3
Violation of rules - - - - - 1(n=1) 1

*n refers to the number of students responsible for the verbal occurrences within interviews

Noise

The noise problem was an expected barrier for a group work environment. However,
despite several precautions such as warnings on it, this problem could not be
prevented during the activities in the current study. Therefore, it was reported as a
challenge for the activities several times by the participants. In detail, the data
provided in Table 4.30 indicated that the noise problem was firstly described by all

the interviewed students during the focus group meeting of Activity-1 (f=8) at the
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beginning of the implementation. Then, two students reported it in the following
week again (f=4). Lastly, this challenge was described by one of the students during
the focus group meeting of the third activity in this cycle. In the second cycle, the
descriptions concerning the noise as a challenge was highlighted during the focus
group meeting of Activity-1 by two students, firstly. Then, it was again reported by
another two interviewed students for Activity-2 (f=2). For the next activity, totally
six interviewed students described the noise problem as a barrier for the activities
again (f=6). Lastly, one of the students described this challenge during the focus

group meeting of Activity-4 (f=1) in this cycle.

The students expressed the noise as a challenge for the activities since it prevented
them from working comfortably during the activity process. According to them, one
of the sources of the noise during the activities was the buzzer of the robot.
Additionally, several students thought that some of their friends in other groups
could be over talker while they were working. Therefore, they were not able to hear
their group mates. One of the students commented on this as such:

C2_A3 FG3_S1: Everyone's speech. For example, my teacher, we had
something to do, but | forgot about it, we all forgot. We were going to do

something, but our other friends distracted us. Therefore, we couldn't do it.

C2_A3 FG3_S1: Herkesin konusmasi. Mesela hocam bizim su an
yvapacagimiz bir sey vardi ben onu unuttum hepimiz unuttuk ashinda. Bir sey

vapacaktik ama obiir arkadaglarimiz bizim kafamizi dagitti biz yapamadik.

The teacher commented on the noise as a challenge only during the interview of
Activity-1 (f=2) in the first cycle. In the second cycle, he described this challenge for
Activity-1 (f=1) and Activity-4 (f=2). According to him, the students did not work
collaboratively on such activities before the implementation process of both cycles.
Therefore, the students faced this challenge, especially for the early activities.
However, it was an important barrier to these activities. He expressed the noise as a

challenge during the interview of the first activity by saying the following:
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C1_Al T: We can evaluate the abundancy of noise and the increase in
voice levels during the interaction of students at work as a negative

situation.

C1_Al T: Sesin ¢ok fazla olmasi, ogrencilerin etkilegimi sirasinda iste

seslerinin ¢cogalmasi, artmast olumsuz bir durum olarak degerlendirebiliriz.

The teacher had to warn the students during the activities to eliminate this problem.

One of the students drew the classroom in her drawing (Figure 4-10) and portrayed

the teacher while “warning the students to silence them” in the supported text.

C2_AL_D_S3:

02
E\JE’J ’ wio
essim. olahm’

“Let's be quite”

Figure 4-10 Drawing of S3

Classroom Structure

The classroom structure was one of the specific challenges of the second cycle of

the study. In detail, the participants reported that the layout of the IT laboratory was

inappropriate for the group work in this cycle. According to the findings represented
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in Table 4.30, the problems with the classroom structure were pointed out by the
teacher during the interviews of Activity-1 (f=5) and Activity-4 (f=1). The findings
also revealed that only one of the students expressed that the structure of the
classroom had uncomfortable conditions for them during the focus group interviews
of Activity-3 (f=1). This student and the teacher commented on the unsuitable

classroom structure as follows:
C2_A3_FG1_S3: Our back hurts because there is no back of the chairs.
C2_A3_FG1_S3: Sandalyelerin arkast olmadigi i¢in belimiz agriyor.

C2_Al _T: The location of the laboratory and the seating arrangement are
important. They could not communicate fully with each other, especially

when filling in the activity sheet.

C2_A1_T: Laboratuvarin bulundugu konum da onemli, sira diizeni onemli.
Ozellikle etkinlik kagidini doldururken tam olarak birbirleriyle iletisim

kuramadilar.
Classroom Size

Another specific challenge for the second cycle was the classroom size, according to
the findings shown in Table 4.30. Since the study conducted with different two
classrooms in this cycle, the teacher had the opportunity to compare the classroom
size for different groups in this cycle. He expressed this challenge during the
interview of Activity-1 (f=3) and Activity-4 (f=3). According to him, the number of
students in one of the classes was very high so that the students in that classroom had

several problems during the activity time. He commented on this as in the following:

C2_A4 T: The case that the number of students in the classroom was

slightly higher in boys caused negativity.

C2_A4_T: Suiftaki ogrenci sayisimin erkeklerde biraz daha fazla olmasi

olumsuzluga sebep oldu.
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Violation of Rules

The activity rules were set by the teacher and the researcher after the first cycle of
the study. These rules were derived from the results of this cycle and typed on a
paper before the first activity of the second cycle (please see Appendix N). The
teacher explained these rules one by one to the students at the beginning of the first
activity in the second cycle. Additionally, he added that they were free to set new

rules for their own groups.

The violation of these activity rules was a learning environment challenge, according
to one of the students and the teacher. The teacher compared the classrooms that
separated based on the gender of students during the interview of Activity-4 (f=1).
During this interview, he explained that the boys did violate the activity rules more
than the girls. Therefore, it was an important challenge for the classroom composed
of boys during the activity process. Similarly, only one student in this classroom
referred to this challenge as a negative situation during the focus group meeting of
Activity-3 (f=1), according to the findings displayed in Table 4.30. This student
commented on the challenge as in the following:

C2_A3_S2: Badly, my friends on the team didn't follow the rules.

C2 A3 S§2: Kotii olarak ekipteki arkadagslarim kurallara uymuyordu.

45  Characteristics of problem-solving activities designed for middle school
students to solve ill-structured problems in science with educational
robots (RQ2)

The second sub-question of the study was about the characteristics of the activities
in which middle school students solved ill-structured science problems by using
educational robots. The researcher collected the data from the participants in order
to unveil these characteristics throughout the implementation of the activities in two
cycles. The primary data sources were the interviews with the teacher and the
students during these cycles. The reflection paper, text supported drawings of
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students, and their activity sheets were also utilized as supportive data sources to
develop and organize the themes, categories, and codes of the findings. Additional
data from the researcher's observations and test scores (collected from an academic
achievement test on science and unplugged algorithm quiz) were also employed to
support the findings concerning the characteristics of the activities. In general, it was
deduced from the analysis of the data that there were three characteristics of the

activities called structural characteristics, instructional features, and contributions.
Structural Characteristics

The baseline of the activities was predicated on ill-structured problems. Therefore,
several specific structural characteristics emerged after the data analysis of the
current study. According to the findings of this analysis, the activities' structural
characteristics were explicitly categorized as complexity, equipment, structure level,
dynamicity, and domain. The theme and the related categories were presented in
Figure 4-11.

Domain Complexity

Dynamicity \ \ /

STRUCTURAL
CHARACTERISTICS

RN

Structure Level Equipment

Figure 4-11 Categories of Structural Characteristics

The main data sources for the emerged categories were the interviews with the
teacher and the students in both cycles of the implementation. A code tree including
these categories and the related codes listed from the most cited to the least was

displayed in Table 4.31. The codes and categories were elaborated one by one below.
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Table 4.31 The Code Tree of Structural Characteristics Theme

Categories/Codes 2f
Complexity 105
Complexity indicators 92
Simplicity indicators 13
Equipment 102
Stationery materials 58
Robotic materials 41
Auxiliary materials 3
Structure Level 74
Unifying factors 40
Diversifiers 34
Dynamicity 48
Dynamicity boosters 33
Dynamicity reducers 15
Domain 44
Related fields 30
Daily life context 14

Complexity

Based on the findings of the study, the complexity of the activities was found as a
twofold structural characteristic of the activities. In one of them, the activities hosted
several factors that increased the difficulty level of the activities for the students.
These complexity indicators were mostly the states that the students had to manage
throughout the problem-solving process, and they tended to need extra effort to
continue the activity process. In contrast, the simplicity indicators, which worked in
the opposite direction of the complexity factors, made the activities easier for
students. The participants of the study reported these indicators several times during
the data collection process. The frequency of distribution of the participants’

descriptions concerning both indicators was provided in Table 4.32.
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Table 4.32 Frequency Distribution of Codes belongs to Category of Complexity

Activity 1 Activity 2 Activity 3 Activity 4
Codes/Participants T S T S T S T S
- Complexity indicators 1 11 (n=3) - 11 (n=4) 2 11 (n=4) - 5 (n=2)
(%’ Simplicity indicators 2 3 (n=3) 2 - 1
~ Complexity indicators 3 14 (n=7) - 13 (n=5) - 14 (n=7) 2 5 (n=3)
(%‘ Simplicity indicators - 1 (n=1) - 3 (n=2) - 1 (n=1)

*n refers to the number of students responsible for the verbal occurrences within interviews

Complexity Indicators

The findings in Table 4.32 disclosed that the students described the complexity
indicators of the activities with a higher frequency during the data collection process.
In detail, the interviewed three students pointed out the complexity indicators firstly
during the interview of Activity-1 (f=11) at the beginning of the first cycle. The
descriptions of the students on those indicators continued with the same frequency
throughout the following two weeks (Activity-2, Activity-3, f=11). Additionally, two
students in the group meeting of the last activity (f=5) mentioned the indicators last
time in this cycle. Similarly, seven interviewed students described the complexity
indicators for Activity-1 (f=14) at the beginning of the second cycle. In the following
two activities, the descriptions of the students were as pretty high as the first one. In
fact, five interviewed students described these indicators during the focus group
meeting conducted after second activity (f=13) while seven students during the
interview of the third activity (f=14). For the last activity, three students referred to
the complexity indicators (f=5) during the group meeting at the end of the

implementation.

According to the descriptions of the students, the perceived difficulty and
encountered troubles during the problem-solving process were the complexity
indicators of the activities. In detail, the phases of the activities were perceived as
difficult by some students. Specifically, the design, programming, and filling the
activity sheet phases required more effort one by one to pass the other parts for those
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students. In addition, some of the students commented on the overall activity as
difficult, regardless of its parts. This perceived difficulty, albeit a whole or a piece,
came up with the result that the activities took extra time to finish properly. The
completion of the activities in time was also based on encountered troubles during
the problem-solving process. In some cases, the students could not be successful
because of these troubles mainly concerning the robot pieces, the design of materials,
and the activity sheets. One of the students described encountered trouble on the
connection cable of the robot in the activity as a cause of time loss. This student
expressed the difficulty in uploading the algorithm in computer to the robot as one

of the complexity indicators as follows:

C1_A2 FG1_S1: I guess there was something wrong with the computer or
the cable. This cable was not uploading the program. It was said that the

device was loaded successfully but it was not working on our robot.

Cl_A2_FG1_S1: Bilgisayarda bir hata vardi herhalde veya kabloda. Bu
kablo yiiklemiyordu. Cihaza basarili yiiklendi diyordu ama robotumuzda
calismiyordu.

Another student commented on the difficulty of drawing an object as encountered
trouble during the design phase. The student expressed this complexity indicator
while writing the reflection paper on the second activity in the second cycle as

follows:

C2_A2_R_S1: There were times when | had hard time. | couldn't draw

coconut.
C2_A2_R_S1: Zorlandigim zamanlar oldu. Hindistan cevizi ¢izemedim.

In addition to the students’ explainations, the teacher also mentioned the complexity
indicators during the interviews conducted after each activity. According to the
findings presented in Table 4.32, he described the troubles on the robots and the
activity sheet as complexity indicators. He reported these indicators during the
interviews of Activity-1 (f=1) and Activity-3 (f=2) in the first cycle. Similarly, he
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expressed the difficulty of overall activity, which resulted in a failure to complete the
activity properly, as complexity indicators for Activity-1 (f=3) and Activity-4 (f=2)
in the second cycle.

According to the details of these findings, the students found the activities difficult
because of their sequence. Precisely, the first activities in both cycles were thought
of highly complex. Additionally, the variety of solutions of the third activity made it
quite difficult. The troubles in the activities also affected the development of the
product at the end of the activity. The teacher commented on one these troubles
which was one of the reasons for not being able to develop a product at the end of

the activity, saying the following:

C2_ALl T: Yes, some groups, for example, my students who wrote
something completely different (on the activity sheet) could not reach at a

conclusion, so there was no product.

C2_A1_T: Evet bazi gruplar mesela bahsettigim bambaska bir sey yazan
ogrencilerim bir sonug ¢tkartamadilar yani bir tiriin ortaya koyma durumu

olmad.

As it was indicated above, the teacher implied the importance of the activities' initial
phases for the development of a product. Finishing the activities by creating a
product on time was one of the evident indicators of the students' success. Therefore,
the complexity indicators were considered quite effective over the success of the
students on the activities. In contrast to these indicators, the simplicity indicators also
constituted a significant part of this success. These indicators were found as the
participants’ the perception of the difficulty level of the activities. Their opinion on
the easiness of the activities was reported several times during the data collection

process.
Simplicity Indicators

According to the findings provided in Table 4.32, both the students and the teacher
described the simplicity indicators. Among them, the activities were getting easy in
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the process, according to perceived simplicity that was reported by three students
during the focus group meeting placed after Activity-1 (f=3) in the first cycle.
According to them, they had difficulties at the beginning of this first activity, but it
became more manageable for these students throughout the problem-solving
process. The other students did not mention these indicators in the remaining weeks
of the implementation in this cycle. In the second cycle, one of the students described
the difficulty level as easy for Activity-1 (f=1), and the other student explained this
easiness by comparing the activities during the interview of Activity-3 (f=1). For the
second activity in this cycle, three students agreed that the activities were getting
easier throughout the implementation process (f=3). One of these students expressed
this state of gradually getting easier with inexperience reduction and getting used to

the activities as follows:

C2_A2_FG3_S2: For example, we were novices when the first robots came
to us. We did the wrong coding; we apparently coded it wrong many times.

However, now we beat our excitement, and | think our inexperience is over.

C2_A2_FG3_S2: Mesela ilk robotlar bize geldiginde acemiydik. Yanlis
kodlama yaptik baya yanlis kodlama yaptik. Cok heyecanliyydik ama su

anda heyecanmmizi yendik ve acemiligimiz de bitti gibi diistiniiyorum ben.

In a different way from what the students claimed, the teacher reported the
appropriate level of ill-structured problems in the activities as the simplicity
indicator. He mentioned the level of the problem as an indicator of the simplicity of
that activity during the interview of Activity-1 (f=2), Activity-2 (f=2) and Activity-
3 (f=1) in the first cycle. For the remaining activity in this cycle and all the activities
in the second cycle, he did not referred to the appropriateness of the problem level
again. In previous activities, he expressed the level of the problem of the activity was
proper for the students’ level. Therefore, they did not experience any difficulty

during the activity time. One of his comments on this issue was as in the following:

C1_A1_T: I think it was at a level that children can understand easily .

There were no students who said that they did not understand the problem
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in their feedback in any case.

C1_Al_T: Zorluk diizeyi olarak ¢ocuklarin anlayabilecegi diizeyde
oldugunu diigiiniiyorum. Zaten ¢ocuklardan gelen doniitlerde hani,

problemi anlamadik diyen hi¢hir 6grenci yoktu.
Equipment of Activities

Regardless of the level of difficulty, all students tried to solve the problem and
develop a product for each activity during the implementation process. In this
solution and production process, students needed various equipment consisted of
unique materials for the activities. Therefore, these materials appeared as one of the
characteristics of the activities. According to the findings of the current study, the
activities' equipment was categorized under three main headings: stationery, robotic,
and auxiliary materials, displayed on the data provided in Table 4.33.

Table 4.33 Frequency Distribution of Codes belongs to Category of Equipment of
Activities

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
. Stationery 6 8 (n=4) 5 7 (n=5) 3 6 (n=3) 2
§ Robotic - 1(=1) - 5(=4) 3 8(=4) - 3(n=1)
© Auxiliary 1 - - - - 1 (n=1)
Stationery - 13(n=6) - 3 (n=2) - 5 (n=2)
% Robotic - 7 (n=6) - 5 (n=4) - 7 (n=7) - 2 (n=1)
© Auxiliary - - - - - 1 (n=1)

*n refers to the number of students responsible for the verbal occurrences within interviews

Stationery Materials

The stationery materials were provided for the students in their designs. Most of
these materials used in the production phase were remembered by the participants

during the data collection process, but the whole list based on the receipts is given in
Appendix Q. According to the data gathered from the participants, the activities'
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stationery materials were classified as essential, operational, and complementary.
The essential stationery materials were necessary materials utilized by almost all the
groups, and they constituted an important part of the designed products. According
to the reports from the participants, some of these essential stationery materials were
cardboard, colored papers, and the felt. Additionally, the operational stationery
materials were the equipment of the activities as necessary as essential stationery
materials. However, these materials were mostly used for working on the essential
and complementary stationery materials. Materials such as glue, scissors, and paint
were some of the operational equipment of the activities. The last stationery
materials, complementary materials, were ready-made products that helped the
students' design to become better and create the simulation of the problem situation.
Some of these materials were specified as the flashlight, the latch, and the boxes by

the participants.

All these materials were touched upon mostly by the students during the data
collection process. The students expressed both the name of the stationery materials
and the purpose of their usage during the activity process. According to the findings
in Table 4.33, four students mentioned these stationery materials during the
interviews of Activity-1 (f=8) firstly. Then, all the interviewed students after
Activity-2 (f=7) and three interviewed students for Activity-3 (f=6) expressed these
materials again in the first cycle. In the second cycle, the majority of the students'
descriptions belonged to six students, with whom the researcher interviewed after
Activity-1 (f=13). Two interviewed students among the participants of the focus
group of Activity-2 (f=3) and Activity-3 (f=5) referred to these materials with almost

a close frequency.

The frequency distribution of students’ expressions in terms of types of stationery
materials indicated that the they expressed mostly the essential (f=17) and
operational (f=15) materials during the focus group meetings. In contrast, the
complementary materials were not reported at the same rate (f=10). One of the
students, who expressed only the operational and the essential stationery materials

during the interview, commented on needed materials as follows:
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Cl Al FG1_S2: Tape, felt-tip pen, crayon, we needed them. We needed

double-sided tape. We needed cardboard.

C1_Al FG1_S2: Bant, kegeli kalem, pastel boya, onlara ihtiyacimiz oldu.
Cift tarafli bant ihtiyacimiz oldu. Kartona ihtiyacimiz oldu.

A unique part of the activity sheet also was utilized to investigate the needed
materials during the activity time. Although the information requested in this field
was not limited only to the stationery materials, it was revealed that many of the
groups mentioned only these materials while filling this part of the sheet. One of
these groups in the second cycle filled this part, as seen in Figure 4-12. In this figure,
the group members expressed the needed equipment as “the wheel, and straight and

lighted area. Then we have to produce a way for them with stationery materials”.

e o E— s -
6) Bu problemi ¢ozebilmek ‘
> ) ‘ Je Vel ) ‘O'\(\ ‘li\(\]\ 4 :\‘: \ 3 \ .
icin nelere ihtiyacimz \n\(.»n\gl( K) ML >
olacal (Bilgl, malzelne, Kishos \0 f\\n\ 9o (NP0 v oA

robotik pargalar....)? ozim The wheel, and straight and lighted area. Then we have to produce

igin thtiyaciniz olacak seyleri } a way for them with stationery materials

What do you need to solve this problem? (Information, materials,

taraftaki boslug ; g Z %
il o A robot pieces...?) Type the things you need for a solution. ’

Figure 4-12 The part of Activity Sheet for Needs

The students also described the purpose of these needed stationery materials during
the interviews. According to the findings concerning the purpose of the stationary
materials, the groups mostly utilized these materials in their designs in which they
tried to find a solution to the activity problem and develop a product with the help
of these stationery materials. Additionally, they simulated the problem statement
with these materials in some cases. One of the students expressed this purpose during
the focus group interview as in the following:

C2_Al FG2_S2: We used felt. We used silvery cardboard to evoke the

water.
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C2 Al FG2 S82: Kege kullandik. Suyu animsatmasi icin de simli karton
kullandik.

Another purpose of the stationery materials was explicitly expressed by the teacher.
According to his descriptions, the stationery materials given to the students during
the activities motivated them since they were very attractive. In fact, he commented
on this purpose two times during only the interview of Activity-1 in the first cycle.

One of these comments was as follows:

C1_Al_T: But besides that, the fact that they produced a complete product
with those stationery materials motivated the children more. They asked
whether they would use these materials again in the next lesson? I received

feedback to use it again.

C1_Al_T: Ama bunun yaninda bir de o yardimct malzemelerle hani
tamamiyla bir iirtin ortaya koymalar: cocuklar: tabi daha fazla motive etti,
hatta hani bu malzemleri tekrar bir sonraki derste kullancakmiyiz? Yine

kullanalim seklinde hani geri doniitler aldik, yani aldim.

When the expressions of the teacher concerning the stationery materials were
investigated in Table 4.33, it was seen that he expressed the name and purpose of
these materials only during the first cycle of the implementation. In detail, the
majority of his descriptions belonged to the interview of Activity-1 (f=6) at the
beginning of this cycle. However, this cycle resulted in lower frequencies of the
teacher’s explanations regarding the used stationery materials in the activities. The
rate of his descriptions showed a gradual decline throughout the remaining weeks
(for Activity-2, f=5; Activity-3, f=3, and Activity-4, f=2).

Robotic Materials

Robotic materials were other necessary equipment for the activities—the
participants described the whole robot kit as an essential set of tools in the problem-
solving process of the activities. They also separately expressed the robots' pieces,

which functioned as essential robot functions as actuating and sensing on the robot
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kit. The motors, LED and buzzer as actuators and the temperature, proximity, and
light sensors were mentioned during the interviews by the participants for these
robotic functions. Besides, the participants referred to other pieces of robots, that
worked outside these functions such as the battery and connection cable, as the

needed equipment of the activities.

The students reported the robotic materials more frequently than the teacher during
the data collection process, based on the findings provided in Table 4.33. In detail,
only one interviewed student expressed one of the robots’ pieces, connection cable,
as the required equipment during the interview of Activity-1 (f=1) at the beginning
of the first cycle implementation. Then, an equal number of students (n=4) from the
focus group of Activity-2 (f=5) and Activity-3 (f=8) mentioned these materials
during the interviews. At the end of this cycle, one of the students described three of

these robotic materials during the focus group meeting.

In the second cycle, six interviewed students expressed the robotic materials as
needed equipment a high frequency (f=7) during the interview of Activity-1. Then,
four students described these materials during the interview of Activity-2 (f=5). In
this cycle, the majority of students’ descriptions belonged to seven students
interviewed during Activity-3 (f=7). However, at the end of the implementation,
only one of the interviewed students reported these robotic materials during the
interview of Activity-4 (f=2) last time. In one of those activities, a group member

expressed the use of the sensor as a part of their solution during the interview.

C2_A2_FG2_S2: Our robot had some problems in the activity. It was
already explained to us on the activity sheet. We prepared such a study for
those problems. We tried to stop it so that it would not go in the puddle

anymore. Therefore, we moved it with reflection and light sensor.

C2_A2_FG2_S2: Etkinlikte robotumuzun bazi sorunlari vardi. Bize etkinlik
kagidinda da zaten belirtilmisti. Biz de o sorunlara yonelik boyle bir
calisma hazirladik. Su birikintisinde gitmemesi i¢in durdurmaya ¢alistik.

Onun igin yansima ile 151k algilayicist ile hareket ettirdik.
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The needed robotic pieces were also investigated on the activity sheets as one of the
parts of the problem-solving process. The purpose of adding these parts, asking the
students the necessary actuators and sensors for their solution, was to trigger the
students to perform on one of the steps of collecting the necessary data for solving
the problem. Along with these parts, the groups were allowed to analyze their needs
in the problem-solving process. In one of them, the students had to mark the actuators
that they would need in the solution. In contrast, they were expected to draw on the
sensors that they thought they were not needed in their solutions in the second part.
The responses of the groups were analyzed to reveal the most needed robotic parts.
The following graphs were created as a result of the analysis of the relevant sections

in the activity sheets.

Selected Actuators
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Figure 4-13 Selected Actuators on the Activity Sheets

The frequency of selected actuators on the activity sheets in both cycles was
illustrated in Figure 4-13. According to this graph, the groups in those cycles mostly
preferred the buzzer for their solutions during the activities. This actuator was
selected by the students 21 times in the first cycle and 43 times in the second cycle.
Overall, the second mostly selected actuator was the dc-motor which was mostly
used for the robot's movement. However, there were solutions in which this dc-motor

was used out of its original purpose. For instance, it was used as a propeller in a
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solution or as a part of a system to open a curtain in another one. In all these usages,
it was selected 32 times in the second cycle activity sheets by the students as a part
of their solution. This made it the second mostly preferred actuator for this cycle. In
the first cycle, it was selected 15 times, which was slightly below of another actuator,
LED light. The LED was selected nearly in equal frequencies in both cycles. The
groups in the first cycle selected this actuator 17 times for their solutions. Similarly,
it was chosen 18 times by the students in the second cycle. The last actuator was the
speaker. In fact, it was the part of a sound card on the robot, and students used it
more by loading their own sounds and replaying them in their solutions. This actuator
was selected 21 times by the second cycle groups. In contrast, the students of the

first cycle chose speakers only six times in their activity sheets.

Selected Sensors
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Figure 4-14 Selected Sensors on the Activity Sheets

In Figure 4-14, the frequency of selected sensors on the activity sheets was
demonstrated for each activity in both cycles. According to this graph, the most
preferred sensors of the robot were the analog sensors which were exactly the
temperature, the proximity, and the light sensors. One of these sensors, the proximity
sensor was the most chosen sensor. In fact, it was preferred by the students of the
first cycle 15 times in their activities. Similarly, it was also the most selected sensor
for the second cycle with a frequency of 25. Another analog sensor, temperature

sensor, which was utilized to measure the degree of heat in the environment or an
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object, was selected by the students of the first cycle 13 times and of the second cycle
22 times. The light sensor was selected 9 times during the first cycle activities and

12 times during the second cycle activities.

The remaining sensors were the digital sensors. Among them, the touch and optical
sensors were selected by equal amounts overall, according to the data provided in
Figure 4-14. They were chosen total 14 times in both cycles. In detail, the touch
sensor was selected in the first cycle activities (f=8) more frequently than the
activities in second cycles (f=5) by the students. In contrast, the optical sensor was
preferred by the students of the second cycle nine times in their activity sheets

whereas it was selected six times by the students in the first cycle.
Aucxiliary Materials

In addition to stationery and robotic materials mentioned above, the auxiliary
materials were the other equipment of the activities. According to the findings
provided in Table 4.33, only two students and the teacher described these extra
materials during the interviews of the activities. In detail, one of these materials was
expressed by only one student during the focus group interview of Activity-3 (f=1)
in the first cycle. Similarly, only one of the students described the auxiliary materials
during the interview of the same activity in the second cycle (f=1). According to
these students, the activity sheet and the computers were the needed auxiliary
materials for the activities. Additionally, the teacher mentioned another auxiliary
material as equipment during the interview of Activity-1 (f=1) in the first cycle.
According to him, the soldering machine was required for this activity to repair the

broken cables on robots. He expressed this as in the following:

C1_Al T: For example, the wheel. While the students were integrating the

wheels to the robots, the parts were broken there. We had to solder it again.

C1_Al_T: Mesela tekerlek. Tekerlegi birlestirirken ogrenciler orada bazi

pargalar bozuldu. Onu tekrar lehimlememiz gerekti.
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Structure Level

The equipped activities with stationery, robotic and auxiliary materials were ordered
based on the structure level of their problem scenario during the implementation
process. According to this sort, while the least ill-structured activity scenario was
provided to the students in the first activity, their encounter with the most ill-
structured activity scenario was in the last activity in both cycles. Therefore, like
their scenario, several characteristics regarding the level of activities’ structure
emerged during the analysis of the collected data. These characteristics were
clustered in two main aspects as unifying factors and diversifiers based on the

findings provided in Table 4.34.

Table 4.34 Frequency Distribution of Codes belongs to Category of Structure Level

Activity 1 Activity 2 Activity 3 Activity 4
Codes/Participants T S T S T S T S
> Unifying factors 10 - 9 - 12 - 8
% Diversifiers 4 8 (n=3) 4 2 (n=1) 4 3 (n=2)
Py Unifying factors - 1(n=1) - -
(%‘ Diversifiers 1 1(n=1) - - 1 5 (n=4) 1

*n refers to the number of students responsible for the verbal occurrences within interviews

Unifying Factors

The findings in Table 4.34 indicated that the unifying factors were reported mostly
by the teacher during the data collection process. In detail, he described some of
these factors during the interview of Activity-1 (f=10) at the beginning of the
implementation process. With a close frequency (f=9), he reported them during the
interview of the second activity. For the remaining weeks, while the majority of his
descriptions on these factors belonged to Activity-3 (f=12), the frequency of his
descriptions declined dramatically during the last activity interview (f=8). Moreover,
he did not report any of these factors during the implementation process of the second

cycle.
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In his descriptions, he expressed that the resources of the activities were one of the
unifying factors of the activities. According to him, the problem scenario on the
activity sheets among these resources prevented the students from creating different
solutions. For instance, the reason for the absence of a solution for drought in the
third activity was that drought was not mentioned in the problem scenario of this
activity. Additionally, the limited equipment of the activities in robotic and stationery
materials restricted the students from finding various solutions. The teacher

expressed the unifying side of these resources as follows:

C1_Al T: I observed that though there were different points in them, the
students’ products were similar. They were similar because what we could

do with our robot and the stationery materials were limited.

C1_Al1_T: Cikan iiriin olarak benzer tiriinler oldugunu, arada farkh
noktalar var ama hani robotumuzla yaptirabilecegimiz, elimizdeki
malzemelerle yaptirabilecegimiz sey sinirli oldugu icin ogrencilerin

sonuclarinin benzer oldugunu gézlemledim.

Additionally, the video watched at the beginning of the activities was one of these
resources since the teacher observed that the students just focused on the
explanations in the video. According to him, the students were highly influenced by
the video's content for their solutions. The excerpt from a student’s comments on
how s/he was affected by the video when filling the activity sheet in the second cycle

(Activity-1) supported this observation.

C2_Al FG1_S1: After watching it, we wrote what remained on our mind
here (Activity sheet) ... When we watched that video, there were different
kinds of robots such as female robots. For example, there was a male robot.
They had different jobs there. For instance, there was a gardener robot and

a cooking robot.

C2 Al FGI_SI: Onu izledikten sonra buraya aklimizda kalanlar
vazdik...O videoyu izledigimizde orada mesela degisik degisik mesela kadin
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robot vardi. Mesela erkek robot vardi. Boyle onlarin degisik degisik isleri

vardi. Birisi bah¢ivan birisi as¢t o tarz robotlar vardi.

In addition to these resources, the constraints of activities made the solutions of
students quite similar. The duration of the activities was one of the constraints,
according to the teacher. The students had to find proper solutions in limited time
since the duration of the activities was defined with the course hours. Moreover, the
perception of the students on problem scenario was another limitation of finding
various solutions. The students’ focus could be affected by this obstacle and resulted
in limited solutions. Especially, the effect of perception on the solution process was

expressed by the teacher for the third activity which covered all the disability groups.

C1_A3 T: They may not see orthopedically disabled people as disabled,
because they can move in a wheelchair, or because they can be more
independent than others in terms of being able to move.

C1_A3_T: Belki ortopedik engellileri biraz daha hani tam olarak engelli
olarak da gérmiiyor olabilirler yani ¢iinkii tekerlekli sandalyeyle hareket
edebiliyorlar ya da digerlerine gore biraz daha bagimsiz, hareket

noktalarinda daha bagimsiz olabildikleri icin.
Diversifiers

Some elements called diversifiers worked in the opposite direction of the unifying
factors, and they made the structural level of activities more flexible. According to
the findings presented in Table 4.34, three students expressed the majority of these
elements during the focus group interview of Activity-1 (f=8) in the first cycle. Then,
only one student expressed the activities' diversifiers (f=2) after the second activity
whereas two students after the third activity (f=3) in this cycle. The findings also
indicated that only one student mentioned the elements diversified the activities
structure during the interview of Activity-1 (f=1) in the second cycle. Then, four
students referred to the remaining diversifying elements during the focus group

meeting held after the third activity (f=5) in this cycle.
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According to the students, the possibility of variations in programming and the
design opened up the diversifications of the structural level of the activities. In detail,
the use of additional activators during the programming phase allowed them to
produce different solutions. Furthermore, the students came up with different
solutions by designing the robots outside of their normal functions. For instance, in
one of the activities, a group of students created a multifunctional hat. In this design,
the robot's wheel was used as a propeller. Like this design, the students reported that
they wanted to be different from others in their designs. This wish was considered as
one of the diversifiers of the structural level of the activities. This indicator of
diversifiers implied by one of the students among the groups in the first activity as

in the following:

C1l Al FG1_S2: But it was similar to the other teams 'but they used two
while we used three along with four normal smooth surfaces soours was
different.

Cl Al FGI S2: Ama diger takimindaki de ayniydi ama onlar iki tane
kullanmus biz ii¢ tane kullandik bir de dort tane normal boyle piiriizsiiz

yiizey kullandik o yiizden.

Like the variations in design expressed by S2, the context of the problem scenario
was one of the diversifiers of the structure level. According to the teacher, the given
scenario context in the activity sheet made it easier for the students to visualize that
event in their minds and helped them to create several decisions that they might not
think in that activity, indeed. One of those examples occurred in the second activity
wherethe information given in the scenario helped the students to understand the

context better and to find various ideas. The teacher expressed this as follows:

C1_A2_T: So, without the scenario, this problem would not be understood
properly when we asked the students it straightly. The scenario contributed

to them to produce even more diverse ideas in their minds.
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C1_A2_T: Yani senaryo olmadan bu problem havada kalicakti, yani diiz bir
sekilde ¢ocukalara da sordugumuz zaman. Senaryo bize zihinlerinde daha

da c¢esitli fikirler iiretme noktasinda katkist oldu.

According to the findings displayed in Table 4.34, the teacher expressed the context
of the scenario, variations in design, and programming as diversifiers of the structure
level with equal frequency for the first three activities (f=4). Then, the teacher
pointed out these diversifiers one by one during the interview of Activity-1 (f=1),
Activity-3 (f=1), and Activity-4 (f=1) in the second cycle of the implementation
process.

Dynamicity

As a result of the structure of the activities, like the variations in the solutions, the
solution paths of the groups were also varied based on several elements. In fact, since
the students spent lots of time to solve the ill-structured problems during these
activities, it was a quite expected result that there were many factors affecting the
solution process in this long time. All these elements indicated us the dynamicity of
the activities, and were categorized as dynamicity boosters and reducers in the data
set provided in Table 4.35.

Table 4.35 Frequency Distribution of Codes belongs to Category of Dynamicity

Activity 1 Activity 2 Activity 3 Activity 4
Codes/Participants T S T S T S T S
< Dynamicity boosters 4 2 (n=2) 4 2 (n=2) 1 4 (n=3) 1
(%‘ Dynamicity reducers 1 1 (n=1) 1 2 (n=2) 4 5 (n=4)
Py Dynamicity boosters - 6 (n=4) - 5 (n=2) - 4 (n=3)
(%‘ Dynamicity reducers - 1(n=1)

*n refers to the number of students responsible for the verbal occurrences within interviews

Dynamicity Boosters

Dynamicity boosters of the activities were reported by the teacher (f=10) more

frequently than the students (f=7) in the first cycle, as seen in the findings provided
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in Table 4.35. These findings also indicated that the teacher described the majority
of these boosters during the interviews of the first two activities (Activity-1, f=4;
Activity-2, f=4) in this cycle. For the remaining activities, he alluded to the booster
factors of the dynamicity of the activities with the same frequency (f=1), but they
were less than the first two. In addition to this drop, he did not defined any of these

boosters during the interviews of the second cycle activities.

As an indicator of the change in solution paths of the problems, the teacher
emphasized the differences between the groups’ algorithms on the activity sheets and
the program that used on the robot for the result of the solution. According to him,
this dynamic structure of the activities could result from the use of the resources
interchangeability. For instance, the utilized robotic resources such as buzzer, sound
card, light, or temperature sensors were utilized by the students interchangeably
during the activities. Therefore, as they reached at the same result, they seemed to
change their solution paths by using different robotic pieces. The teacher expressed
the increase in the activities' dynamicity resulting from one of those resources such

as sound card as in the following:

C1_A2_T: Here, we can also include using sensors. In other words, using

the sound card was a method that increased the dynamicity positively.

C1_A2_T: Burada agilayicilart kullanmayt da isin i¢ine katabiliriz. Yani
ses kartimin kullanilmast hani bir dinamikligini olumlu yonde arttiran bir

yontem.

Along with resources of the activities, the proposal creation process contributed to
the dynamicity of the activities. In detail, the students wrote their suggestions for the
solution of the ill-structured problem in a section on the activity sheets. According
to the teacher, the productivity of the students in this section had a significant impact
on the variety of solutions at the end of the activity. One of these parts of activity
sheet filled with the solution proposals was given in Figure 4-15. The group of
students created two different solutions for hearing impaired and visually impaired

individuals in that part, as seen in the figure.
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- solution proposals
' in the blank field.

Figure 4-15 The part of Activity Sheet for Solution Proposals

All solution proposals described by the students in this part of the activity sheets
were counted, and the frequency distribution of these proposals among the activities
was illustrated in Figure 4-16.
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Figure 4-16 The Frequency Distribution of the Solution Proposals

According to this graph, the majority of the proposals in both cycles belonged to the
first activities. In detail, 31% of the total proposals in the first cycle (f=43) were
written into the activity sheets of Activity-1. Similarly, the percentage of the written
proposals (f=109) was quite high for the same activity (36%) in comparison to other
activities in the second cycle. The graph also indicated that these high percentiles of

the students’ proposals on the first activity sheets declined gradually throughout the
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implementation process in both cycles. The lowest percentage of the total proposals

hereby belonged to the last activity in the first (16%) and the second (17%) cycles.

It was also interesting that the maximum amount of the solution proposals in each
activity sheet was seen mostly at the beginning of the implementation process in both
cycles, and this amount declined towards the end of the implementation, especially
in the fourth activity. In detail, whereas the amount of the maximum solution
proposal count belonged to Activity-2 (f=4), it reduced to only one proposal for the
last activity in the first cycle. Similarly, the students wrote a maximum of six
proposals on the activity sheet during the first week while the students who

participated in the last activity wrote only three proposals mostly in the second cycle.

Some students reported that they also reached at different solutions from the solution
proposals that they wrote on activity sheets during the activity process. The reason
for this was that the proposals they created were erroneous and they realized this
error in the process. For instance, a group changed their solution paths based on the
feedback they received from their teachers. Two of the students expressed this

modification in their solution paths as follows:
C1l_A2 FG1_S2: We wrote on the activity sheet first, then it was wrong.
C1l A2 FG1_S1: We were excited since the bell would ring soon.

C1l_A2 FG1_S2: Indeed, we did the same on the computer. The teacher
showed it on the computer. He said it was wrong. We fixed this on the

computer without thinking about the activity sheet.

Cl A2 FGI_S2: Hocam ilk 6nce buraya yazdik, sonra burasi yanlis

ctkinca.
Cl A2 FGI _SI1: Heycanlandik zil ¢alacak diye.

Cl A2 FGI1_S82: Sonra aynisini bilgisayara yapmistik ilk once. Hoca da
bilgisayarda gosterdi. Hoca yanlis dedi. Buray: (kagidi) hi¢ diisiinmeden
bilgisayardakini diizelttik.
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According to the findings presented in Table 4.35, the aforementioned dynamicity
boosters were reported by the students in almost all activities in the first cycle except
for the last one. The majority of these descriptions belonged to three interviewed
students of Activity-3 (f=4) in this cycle. During the interview of previous activities,
two students individually reported them with equal frequency (f=2). In the second
cycle, the four students reported the dynamicity boosters six times during the focus
group meeting held after the first activity. Then, two students described them with a
high frequency (f=5) during the interview of Activity-2. The remaining descriptions
belonged to three students participated in the third activity (f=4). It was an interesting
finding that the students who interviewed with the researcher during the last activity
did not mentioned the boosters of the dynamicity in both cycles. The potential
reasons for this finding were elaborated on in the discussion chapter of the study.

Dynamicity Reducers

In contrast to dynamicity boosters, the dynamicity reducers emerged as the factors
decreasing the level of dynamicity of activities during the implementation.
According to the findings in Table 4.35, these factors were reported by the students
more frequently in both cycles than the teacher. In detail, one interviewed student
described one of those factors during the focus group meeting held after Activity-1
(f=1). Next week, two students reported them during the interview (f=2). The
majority of the descriptions concerning the dynamicity reducers belonged to four
students participated in Activity-3 (f=5) in this cycle. In contrast, the students did
not refer to any of these factors for the last activity. In the second cycle, only one of

the students alluded to these reducers for Activity-1 (f=1).

The elimination of solution proposals was found as one of the dynamicity reducers,
depending on the expressions of the students. They explained the order of priority
as one of the critical reasons for this elimination process. According to them, they
applied the solution proposal that came to their mind first. Besides, some of the
students added that they did not know how to do the remaining solution proposals.

Therefore, they eliminated them. The inadequacy of resources was also seen as the
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reason for the elimination of the proposals. One of these students expressed the
insufficiency of the sensors of the robot kit to eliminate one of the solution proposals

and apply the other one as in the following:

C1l A3 FG2_S1: At first, we were going to make a vibration-sensitive robot
against the earthquake, but since there was no vibration sensor, the

distance sensor came to our mind as an item would fall in front of the robot.

Cl A3 FG2 SI: Ilk basta biz depreme kars: titresime duyarli bir robot
vapacaktik ama titresim algilayict olmadigindan bizim aklimiza ilk 6niine

bir esya diisecegi igin ilk mesafe algilayict geldi.

The teacher also expressed the factor behind the elimination of solution proposals
for dynamicity reducers as the insufficiency of the utilized materials. Additionally,
he emphasized that since the students did not find solution proposals for each cause
in the activity sheet's fishbone, they were not able to find alternative solutions to
those problems. Another reason for the lack of alternative solutions was the
interaction between the groups during the activity time, according to him. Based on
this interaction, the group might have gravitated to the same solutions. He expressed

this as follows:

C1_A2_T: When we looked at the results, we saw that some groups did the
same things ... We can say that being influenced by each other existed a
little bit during the activities. This limits us at the point of creating an

independent product.

C1_A2_T: Cikan sonuglara baktigimizda bazi gruplarin ayni seyi yaptigini
gordiik... Birbirinden etkilenme birazcik olabiliyor diyebiliriz. Bu da

bagimsiz bir tiriin olugturma noktasinda bizi simirlyyor.

The teacher expressed the aforementioned dynamicity reducers in only the first cycle
of the implementation. According to the findings presented in Table 4.35, the
majority of his descriptions were gathered during the interview of Activity-3 (f=4).
While he did not report any of these dynamicity reducers during the interview of the
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last activity, he expressed some of them with equal frequency for the remaining

activities (including Activity-1 and Activity-2, f=1).
Domain

The domain of these dynamic activities appeared as another structural characteristic
of them from the findings of the current study. Several related fields were pointed
out as associated with this domain by the participants. Some of these fields were
directly attributed to the whole structure of the activities, whereas the others were
considered as related to the specific parts of them. The findings also indicated that
these activities had a close relationship with the daily life context. Although this
connection was mostly based on the ill-structured problems of the activities, the
materials used for them were also seen as an important part of this relation. Both
frequency distribution of descriptions for the relation of the activities with other
fields and daily life were presented in Table 4.36.

Table 4.36 Frequency Distribution of Codes belongs to Category of Domain

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
o Related fields 12 - 7 1(n=1) 3
8‘ Daily life context 8 - 2 - 1 - - 1(n=1)
N Related fields 1 1(n=1) - 1(n=1) - 1(n=1) 3
8‘ Daily life context - - - 2(n=1)

*n refers to the number of students responsible for the verbal occurrences within interviews

Related Fields

According to the findings in Table 4.36, the teacher described the related fields of
activities more frequently at the beginning of the implementation process. In detail,
he expressed most of the fields for the activities during the interview of Activity-1
(f=12) in the first cycle. However, this cycle resulted in lower frequencies of
teacher’s descriptions regarding the related fields of the given activities, which

showed a gradual decline throughout the rest weeks (including Activity-2, Activity-
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3, and Activity-4). Moreover, in the second cycle, the teacher referred to one of the
domain fields during the first meeting placed for the Activity-1 (f=1) at the beginning
of this cycle. Then, he mentioned the related fields again three times during the
interview of Activity-4 (f=3) at the end of the cycle. In summary, the results
regarding the distribution of frequency concerning the teacher’s descriptions about
related fields of activities varied for two cycles. While the related subject domains
mostly expressed by him at the beginning of the first cycle (for Activity 1), reversely,
these related fields were mostly uttered at the end of the second cycle (for Activity
4). The potential reasons for the reversed findings were elaborated on in the

discussion chapter.

The teacher described the given activities as interdisciplinary in nature due to their
integrated structure to different subject domains. According to him, science and
instructional technology fields were the prominent subject domains in the given
activities. In addition to the teacher’s perception regarding these fields of activities,
the students needed to use special skills related to other subject domains during the
activities. For instance, the students required to use linguistic skills to fill the activity
sheet during the first phase of the activity process. Therefore, the activities were
closely interrelated with the Turkish course for him. The art and engineering fields
were also implicitly related with the remaining phases of the activities. One of the
expressions of the teacher about these related fields of activities was as in the

following:

C1_Al T: Ithink it is related to the field of industry, engineering, and
science, instructional technology courses and the art field with handcraft

and design points in it.

C1_A1_T: Fen bilgisi dersi, bilisim dersleri, sanayi alani, miihendislik bu
alanlarla ve el becerisi ve tasarim noktasinda gorsel sanatlar

alamylailiskili oldugunu diigiiniiyorum.

In addition to the teacher’s verbal accounts, the frequencies of the student’s

descriptions were separately illustrated in Table 4.36. According to findings in this
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table, the students described the related fields as the domain of the activities with a
lower frequency in comparison to the teacher’s descriptions. The findings also
showed that not all the fields in the descriptions of the teacher were reported by the
students. Only the science course was expressed as the related field for the activities
by one student among five interviewed students at the end of Activity-2 (f=1)
implemented in the first cycle. Similarly, a student from the student groups during
Activity-1 (f=1), Activity-2 (f=1), and Activity-3 (f=1) reported the same course as
the domain of the activities in the second cycle. Among these students, the student
interviewed in the third activity expressed two other related fields as instructional

technology, social and science fields as the related fields for that activity.

C2_A3 FG3_S3: Teacher, it contains social, instructional technology,

science since it says earthquake so on.

C2_A3_FG3_S3: Hocam sosyal, fen ve bilisim deprem falan dedigi i¢cin

onlari da kapsiyor.

The excerpt of S3 implied that the student interrelated the subject domains with
social sciences, information technology, and science by referring to the keyword,
“earthquake” included in Activity-3. Although this keyword was utilized to make the
activity ill-structured in reference to real-life scenarios, student’s perception
regarding the domain of the activity was shaped since the activity was also related to
the social sciences.

Daily Life Context

Like the aforementioned domains as a related field, the activity was perceived as
associated with daily life context by some students. According to findings in Table
4.36, one of the students reported the connection of activity with daily life during the
interview of Activity-4 (f=1) in the first cycle by seeing the ill-structured problem in
that activity as one of the daily life problems. Similarly, only one student among the
interviewed 11 students in Activity-2 expressed the connection of daily life two times

(f=2) during the focus group meeting. According to this student, the sensors on the
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robot enabled this relation since they were utilized in several parts of our daily life.
Additionally, some of the robotic resources were very similar to human organs so

the activity evoked daily life for him/her.

In summary, the students commented on the connection of the daily life with the
activities during the interviews of implementation process. However, the activities
and the reasons behind this connection were different for the students in both cycles.
The activity in the second cycle referred to the second activity took place in the
middle of the implementation and the robotic pieces were seen as the reason for the
connection in this activity. On the other hand, the connection of activities with the
daily life established for the last activity at the end of the implementation process in
the first cycle since the problem used in this activity had a high similarity with daily
life problems. The comment of this similarity during the focus group meeting was as

in the following:

C1l A4 FG1_S2: They are out there, they throw trash on places, and they

pollute the world but then they say why I live in such a place.

Cl A4 FGI1 _S2: Disarida var, atyyorlar yerlere ¢op ve diinyayt

kirletiyorlar sonra diyorlar niye béyle bir yerde yasiyorum.

The connection of activities with daily life was also touched upon by the teacher.
Like his students, the proximity of ill-structured problems in activities with daily life
was seen as one of the major reasons for this connection. In fact, he thought that the
students encountered the ill-structured problems in daily life itself during the
activities. Therefore, they needed to know daily life experiences to cope with that
problem. In the struggle for the solution process of this problem, the robots gave the
students the opportunity to use daily life technology. Hereby, the students got the
chance to practise with the daily life technology in these activities. As a result of this
practice, the proximity between the activities and daily life became closer to the
students’ solutions. One of the explanations of him about these solutions was

presented in the following:
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C1 Al T: We talked about a problem in daily life, and it was a problem
they knew. They have already found solutions in daily life. | got feedback

that they used winter shoes, or winter tire, or chains.

C1_Al T: Giinliik hayattaki bir problemden bahsettik, bildikleri bir
sorundu. Ve buna zaten kendileri giinliik hayatta ¢oziimler buluyorlar. kislik
ayakkabilar gibi, ya da arabalara tekerlek takiyo, zincir takiyoruz hocam

gibi doniitler aldik.

According to the findings presented in Table 4.36, the relation of the activities with
daily life context was reported by the teacher only in the first cycle. His descriptions
concerning this relation were quite high at the beginning of the implementation
process, especially during the interview of the first activity (f=8). However, the
frequency of his descriptions decreased progressively throughout the remaining
weeks in this cycle of the implementation. It was surprising that the relation of the
activities with daily life were not reported during the interview of the last activity in
this cycle and all the activities in the second cycle. The potential reasons for this

unexpected result were expanded on in the discussion chapter.
Instructional Features

The second theme to reveal the characteristics of the activities in the current study
was found to be the instructional features of them. According to the findings, these
features of activities were divided into four main categories: transfer, credibility,
practice, and teacher role.. The theme and the related categories were illustrated in
Figure 4-17. The weight of each category composed of the codes counts was
represented with the thickness of the lines in this figure.
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Instructional Features
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Practice Credibility

Figure 4-17 Categories of Instructional Features

The main data sources for these categories were the interviews with the teacher and
the students in both cycles of the implementation. A code tree including categories
of the theme and the related codes listed based on the count of participants’
descriptions during the interviews was presented in Table 4.37. Each category and

the codes were elaborated on one by one after this illustration.

Table 4.37 The Code Tree of Instructional Features Theme

Categories/Codes >f
Transfer 91
Daily life 44
Professional life 25
Project 16
Education 6
Creditability 81
Aimful 46
Explainable 26
Evaluable 9
Practice 41
Active participation 26
Applicable 15
Teacher Role 31
Active 28
Inactive 3
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Transfer

One of the specific instructional features of the activities was transferable aspects of
them. These aspects were revealed by the participants who reported that the transfer
of these activities as possible to daily life, professional life, projects, and education.
In some of these areas, such as professional and daily life, the transfer of the whole
activity or the product developed as the solution to the problem was possible for
some of the participants. Another point of view mostly showed other transfer areas.
This view agreed that what learned during the activities could be transferred to those
areas such as other projects and future education. The frequency distribution of the

participants’ descriptions for all these transfer areas was presented in Table 4.38.

Table 4.38 Frequency Distribution of Codes belongs to Category of Transfer

Activity 1 Activity 2 Activity 3 Activity 4
Codes/Participants T S T S T S T S
Daily life 1 3 (n=3) - 6 (n=3) - 7 (n=3) - 1 (n=1)
- Professional life 1 5 (n=3) - - - 1 (n=1)
(% Project - 1(n=1) - 1(n=1) - 1(n=1)
Education - 5 (n=3) - - -
Daily life - 5 (n=4) - 8 (n=6) - 11 (n=7) - 2 (n=2)
S Professional life - 3(n=2) - 5 (n=4) - 5 (n=3) - 5 (n=4)
(% Project - 4 (n=3) - 3 (n=3) - 2 (n=2) - 4 (n=2)
Education - - - - - 1(n=1)

*n refers to the number of students responsible for the verbal occurrences within interviews

Daily life

According to the findings in Table 4.38, all the transfer areas were reported by the
students with a higher frequency in comparison to the teacher’s descriptions during
the implementation process. One of these areas, daily life, was defined by the
students for all the activities in both cycles. At the beginning of the implementation
process, three of four interviewed students during the focus group meeting of

Activity-1 commented on the transfer of the activities to the daily life firstly (f=3).
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The frequency of the students’ descriptions continued increasingly until the last
activity in this cycle. The highest frequency of these descriptions belonged to three
students who participated in the focus group meeting of Activity-3 (f=7). On the
other hand, only one student during the interview for Activity-4 touched upon this

transfer area (f=1) lastly in this cycle.

The similar frequency distribution of the descriptions concerning the transfer of
activities to daily life was also seen for the students participating in the
implementation during the second cycle. Among the activities in this cycle, four
students for Activity-1 reported the possibility of transfer of this activity to daily life
five times during the focus group meeting (f=5). The frequencies of the descriptions
of the students interviewed in other activities increased gradually until the last
activity as in the first cycle. Seven students during the interview of Activity-3
reported the transfer of activities to daily life most frequently (f=11) in this cycle. In
contrast, two students interviewed for Activity-4 commented on the transferable
aspect of the activities quite less frequently (f=2) in comparison to other activities.

According to the students’ descriptions in the focus group meetings, the transfer of
the activities to daily life was seen in two different ways. In one of them, the students
would use these activities individually. Students claimed that they could use the
technology in activities during their daily life. For instance, one of the students
commented during the interview that he/she would use this technology while using
the electronic devices in daily life since they learned how to use the technological
materials such as batteries, voice cards, and circuit switch during the activities.
Additionally, robots could ease the students’ daily life by helping them in their daily
worksuch as doing housework. Beside to this general usage, one of the students
expressed that using the solution for the robots in the first activity could be used in
cars in daily life. S1 expressed this as in the following:

C2_Al FG2_S1: I think it can also be used in our daily life, so if we think
the robot as a car, it can be seen when the light shines thanks to the light

(sensor) while driving in the car.
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C2 Al FG2 S1: Bence giinliik hayatimizda da kullanilabilir yani robotu
araba olarak diistiniirsek, arabada giderken mesela fener sayesinde 151k

parildayinca hani goziikebilir.

The excerpt of S1 provided a basis that the usage of the technology in the problem-
solving activities were seen as transferable to daily life for the students. Based on
this, the students' solution to the problems was seen as transferable for the similar
problems in daily life. The similarity of the ill-structured problems to the problems
in their daily life was the key point for the transfer here. One of the students
expressed the use of their solution for the problem of being hot in daily life. The

supporting text and the drawing of this student (Figure 4-18) were as follows:

C2_A2 D _S4:

Don't get out,
it's 100 hot

Figure 4-18 Drawing of S4
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S4: “I'm going out. I have my robot with me. It warns me when the weather
is hot. While I am walking, my robot gives me an alarm meaning: Do not
get out; it is too hot outside. In this way, | am protected from diseases and

harmful lights of the sun.”

S4: “Ben disariya ¢ikiyorum. Yanimda da robotum var. Hava sicak
oldugunda o beni uyariyor. Ben yiiriirken robotum bana disarisi ¢ok sicak
gitme anlaminda alarm veriyor. Ben de bu sayede hastaliklardan ve

giinesin zararl isiklarindan korunmus oluyorum.”

In addition to individual use, the activities were also transferred to daily life to help
others in several ways, according to comments of the students. In one of them, the
transfer of these activities was possible for protecting the health of other people.
Moreover, some of them thought that they could help disabled people thanks to these
activities. One of the students expressed that the solution of them could be upgraded.
Then, it could be used by disabled people during natural disasters by saying the

following:

C1_Al FG3_S2: For example, we can improve our robots and turn them
into products for sale. For example, disabled people buy this. It can be used
when there is a natural disaster by these disabled people. Since we used a
buzzer, other people can hear its voice. Security aids can come and rescue
people with disabilities from where the natural disaster occurred.

C1_Al1_FG3_S2: Robotlar: mesela gelistirip bunlari satis haline
getirebiliriz mesela engelliler bunu alir. Dogal afet olunca kullanabilir.
Diger insanlar da mesela siren kullanacagi zaman, diger insanlar sirenin
sesini duyabilir. Yardim, giivenlik yardimcilar: gelip engellileri dogal afetin

oldugu yerden ¢ikartabilir.

As seen in the excerpt of S3, the use of activities to help others was very similar to
individual usage since they were in conjunction with the scenario of the ill-structured

problem. However, students' explanations for using these activities for others were
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not limited to this. Several students who reported that they would teach their
learnings in these activities to their relatives offered a different perspective on the
transfer of activities. From this perspective, two different teaching time periods as
recent and future were seen among the students' descriptions. While some of the
students mentioned that it might be possible to transfer what they learned in this
activity to their next generations, the others reported that they already taught their
relatives what they acquired in the activities. One of these students expressed this

type of transfer as follows:

C1l A2 FG2_S1: For example, we tell our families what we learned here.

Therefore, they also learn.

C1_A2_FG2_S1: Mesela burada ogrendiklerimizi ailelerimize

anlatabiliyoruz onlar da 6greniyorlar.

Despite the intense explanations of the students, the teacher made only one
explanation about the transfer of the activities to daily life. The teacher expressed it
at the beginning of the implementation during the interview of Activity-1 (f=1).
According to him, the students could use these activities as a hobby in their future

daily life.

C1_Al T: The students in their profession choice, or as a hobby and as an

interest, can use the robots and robotic coding in the activities.

C1_Al1_T: Cocuklar ilerideki meslek secimlerinde ya da meslek se¢imi
olmasa bile bir ilgi bir hobi olarak diisiindiigiimiiz zaman, robotlari, robotik

kodlamay icerisine alan aktiviteleri kullanabilirler.
Professional Life

The excerpt from the teacher also implied that the students might use the activities
in their professional life. In addition to this implication, the transfer to professional
life was also expressed directly by him during the interview of Activity-1 (f=1) in
the same cycle. With this expression, the teacher emphasized that the activities could

be effective on students’ professional choice. He expressed this as the following:
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C1_Al T: Some of my students asked which department | completed, and at
which university | studied. My teacher, how do you know these? Did you
study these in college or high school? When did you study? How can we
learn them? Or, can we make a robot differently? After this activity, some
of them said they would be an information and computer technology
teacher. I got such questions and feedback during this activity. | received
feedback from them that they might be affected in future professional
choices by these activities.

C1_Al_T: Ogrencilerimizden bazilart benim hangi béliimii bitirdigimi,
hangi iiniversitede okudugumu sordular. Iste hocam siz bunlart nereden
biliyorsunuz? Universitede mi gordiiniiz, lisede mi? Ne zaman gordiiniiz?
bu etkinlikten sonra da ben bilgisayar ogretmeni olacagim seklinde ya da
hangi boliimii bitirdiniz hocam? Biz bunlari nasil o6grenebiliriz? ya da
baska sekilde robot yapabilir miyiz? diye bu sekilde doniitler geldi.
cocuklar Hani ilerideki meslek secimlerinde bu etkinliklerden

etkilenebileceklerine yonelik doniitler aldim.

Three students also reported the effects of the activities on the choice of the
profession during the interviews of the same activity. The common point here was
that students tended to change the professions they previously chose. It was
interesting that this trend was toward the technical fields. The comment of one of

these students about this tendency was as follows:

C1l Al FG1_S3: For example, maybe I can change my profession when |

grow up. | want to be an engineer, and then we might need it, for example.

C1_Al1_FG1_S3: Mesela ben de belki biiyiiyiince meslegimi

degistirebilirim. Bende miihendis olmak isterim o zaman mesela lazim

olabilir bize.

In addition to the change of profession, some of the students reported that they would

choose professional fields in which they would benefit from these activities. These
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professional fields emerged mostly as teacher, engineer, and scientist. The students
who decided to choose these professions were sure that they would use these
activities in the future professional life. Along with these fields of expertise, several
students commented that they would benefit from these activities in other
occupational groups which required technical knowledge such as a pilot or in
relatively social occupations such as judge and cooking. Among the technical fields,
one of the students expressed the benefits of these activities when choosing technical

fields as a profession as follows:

C2_A4 FG1_S1: In the future, for example, if we become a computer

engineer or IT teacher, we can benefit from the information in the activity.

C2_A4 FG1_S1: Gelecekte mesela bilgisayar miihendisi falan olursak ya

da bilgisayar dgretmeni bu bilgilerden faydalanabiliriz.

According to the findings provided in Table 4.38, the students described the transfer
of the activities to professional life more frequently at the beginning of the
implementation process in the first cycle. In this cycle, three students expressed
several of the professional fields and the effect of the activities on professional
choice during the interview of Activity-1 (f=5) firstly. One among six interviewed
students also reported the transfer of activities to the professional fields during the
focus group meeting of Activity-3 (f=1) in this cycle. In the second cycle, the
students referred to this transfer throughout all the activities. At the beginning of the
implementation, two students mentioned this during the focus group meeting of
Activity-1 (f=3) three times. In the remaining activities, the transfer of activities was
expressed with equal frequencies (f=5) by four students during the interview of
Activity-2, by three students during the interview of Activity-3, and by four students

during the interview of Activity-4.
Projects

The findings in Table 4.38 also indicated that the frequencies of the students’

descriptions for the transfer of activities to the projects. The students started to
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describe this type of transfer at the beginning of the implementation. In detail, one
student expressed the transfer of the activities to the projects during the interview of
Activity-1 (f=1) firstly in the first cycle. In all interviews in this cycle, except for the
last activity, one student repeated this feature of the activities. In the second cycle,
the transfer of the activities to other projects was on the agenda of the students who
participated in focus group meetings throughout the implementation process. At the
beginning of this cycle, three students firstly reported it during the interview of
Activity-1 (f=4). Three students during the interview of Activity-2 (f=3), two
students for the third activity (f=2), and two students for the last activity (f=4) also

commented on the transfer of the activities to other projects.

Among the transferred projects, the invitations that the students wanted to make were
at the forefront. In all these invitations, the focus of the students’ explanations was
on the use of robots. Among them, some of the students expressed the projects for
which they would make their own robots. Another part of them commented that they
aimed to upgrade the robots they used for the solution in the activity for new projects.
For instance, a group of students designed a swing-sensitive bed to alert people with
disabilities in the earthquake during the third activity in the first cycle. One of the
students in this group stated that they could adapt the system in this solution to a
situation such as a child care as follows:

C1l A3 FG1_S1: Adifferent idea came to my mind. For example, the
mother and father are sleeping here, the child is sleeping here, in a cradle,
in the evening. The mother’s sleep is a little bit deep. After that, the baby
wakes up and cries. As he/she cries, the cradle starts shaking. Therefore, it
touches the device, then it rings. This awakens the mother. The mother

learns that the child is getting up. So this looks very similar to our solution.

C1_A3_FG1_S1: Hocam benim aklima degisik bir sey geldi. Mesela simdi
aksam anneyle baba burada yatiyor ¢ocuk da burada uyuyor besigi var.
Cihaz da bunun yaninda annenin tabi uykusu biraz derin. Ondan sonra

bebek ayaga kalkiyor ve agliyor. Agladigi sirada besik sallaniyor. Bu begsik
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buna temas ediyor o sirada otiiyor bu. Bu da anneyi uyandiriyor. Anne

cocugun kalktigini ogreniyor. Buna ¢ok benziyor yani.

The transfer of the activities to other projects was also related to the students’
experience in the activities. The students felt they were lucky since they were
knowledgeable about these kinds of activities. Therefore, they could use their
knowledge for other activities or projects. One of the students who reported the use
of this knowledge in solving similar problems as in the following:

C2_A3 _FG5_S1: I learned that because the room temperature is around
20, for example, I will choose 27 when programming the robot so that we

can do it directly in the future.

C2_A3_FG5_S1: Ben sunu ogrendim oda sicakligi 20 civart oldugu igin
mesela ileride de boyle yapacagimizda direk yapabilelim diye robotu

programlarken 27"yi secerim.
Educational Life

In addition to the advantage of these activities in similar projects, they were also
beneficial for the future educational life of the students. Like for the projects, a few
students expressed that they could use the information acquired in these activities
throughout their remaining education life. The emphasis on the educational life was
on the higher education level here. However, there were also two students who

reported that they could benefit from the activities in high school.

Overall, the transfer to these education levels was described mostly by three students
at the beginning of the implementation for Activity-1 (f=5) in the first cycle. In the
second cycle, only one student expressed the transferable aspect of the activities to
the remaining educational life during the interview of Activity-3 (f=1), according to
the findings in Table 4.38. One of those students maintained that doing these

activities would take advantage in university education to himself/herself as follows:

C1l Al FG1_S2: Maybe I will do something like that at university, and |

can do better than my friends there.
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C1 Al FG1_S2: Belki iiniversitede de boyle bir sey yapacagim ve
arkadaglarimdan daha iyi yapabilecegim.

Credibility

Credibility was found as another instructional characteristic of the activities, based
on the data analysis. According to the participants’ expressions, the aim of the
activities, explanations about them, and evaluable aspects of the activities
contributed to the credibility of the activities. To give it a more detailed manner, one
of the indicators of credibility showed that each activity had a certain aim, and being
aimful made them credible to others. Additionally, the explainable side of them
indicated that the whole activity process and the solutions of the ill-structured
problems were presented to others easily, which also contributed to the creditability
of the activities. The last indicator of the credibility of the activities was that they
were appropriate for evaluation. The frequency distribution of descriptions of the

participants on these three indicators of the creditability was illustrated in Table 4.39.

Table 4.39 Frequency Distribution of Codes belongs to Category of Credibility

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
Aimful 2 3 (n=3) 2 1(n=1) - 8 (n=4) - 1 (n=1)
%‘ Explainable - 2 (n=2) - 1 (n=1) - 1 (n=1) - 3 (n=2)
© Evaluable 3 - 1 - 1 - 1
Aimful 2 5 (n=4) 2 4 (n=3) - 7 (n=6) 1 8 (n=5)
% Explainable - 6 (n=6) - 3 (n=3) - 6 (n=6) - 4 (n=3)
© Evaluable - - - 1 (n=1) - - 2

*n refers to the number of students responsible for the verbal occurrences within interviews

Being Aimful

According to the findings provided in Table 4.39, the teacher mostly described the
aim of the activities at the beginning of the implementation in the first cycle. During

the interviews of the first and the second activities, he expressed the aim of the
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activities (f=2) with equal frequency. He did not referred to it for the activities in the
remaining weeks of this cycle. In the second cycle, similarly, he reported two times
the activities as aimful during the interviews of the first two activities. He repeated
the description of the aim of the activities one more time during the interview of
Activity-4 (f=1) at the end of the implementation. In conclusion, the distribution of
the teacher's explanations of the aimful side of the activities was similar in both
cycles. In fact, the results regarding the distribution of the frequency on the teacher’s
descriptions about the aims of the activities were mostly gathered in the activities at

the beginning of implementations in the cycles.

The teacher alluded to the general goals of the activities firstly during the interviews.
According to him, these general goals of the activities were solving problems,
developing a product, and using educational robots. Accordingly, the students
encountered a problem at the beginning of the activities. Then, they created
algorithms on educational robots to overcome that problem. In order to solve the
problem, they also needed to make a product as the result of the design phase of the
activities. For this production, the teacher preferred to share the goal of the activities

with the students at the beginning of the second activity as follows:

C1_A2_T: In our activity today, I told the students that our aim was to
learn byspending a pleasant time while learning, and to produce something

new.

C1_A2_T: Cocuklara bugiinkii etkinligimizde ilk olarak amacimizin
ogrenmek, 6grenirken de sikilmadan giizel bir sekilde keyifli vakit gecirerek

ogrenmek ve yeni bir seyler tiretmek oldugunu séyledim.

The students’ expressions were different from the teacher’sabout the goal of the
activities, and they mostly pointed out activity-based aims rather than general goals.
For instance, the students aimed to upgrade the robots during the first activity to
prevent them from slipping. In the second and the third activity, the students argued
that the aim of the activity was to protect people. In detail, they explained this

protection process mostly in relation to themselves in the second activity. In the third

267



activity, the aim was mostly to protect other people, especially disabled people. In
the last activity, the protection was mostly seemed to directed towards the
environment. One student in a group that developed a robotic dustbin to protect the
environment during this activity in the second cycle defined the purpose of what they

did as follows:

C2_A4 FG2_S4: The bread or food residues should not be thrown away.
Putting them in this vehicle that we did and deliver them to the animals

earlier.

C2_A4 _FG2_S4: Hocam, ekmeklerin yani yemek artiklarinin ¢ope
atilmamasi, onlarin bu yaptigimiz araca koyulup daha erken hayvanlara

ulastirilmasu.

S4 also implied that the aim of the activities went beyond what was expected in the
scenario of the ill-structured problem presented in the activity sheet. Although only
a problem scenario related to environmental pollution had been presented in this
activity sheet of the last activity, it was surprising that the students here set a goal
that included the feeding of stray animals besides environmental protection.

Another interesting finding of this code was about the difference between teacher's
and students' descriptions of activity goals. While the teacher mostly reported the
general goals of the activities such as problem-solving and using educational robots
during the interviews, the students mentioned the activity-based goals which were
compatible with the activity scenarios. These goals were aligned with protecting
robots, themselves and other people, disabled people, and the environment, based on
the activities' sequence. The potential reasons for these two findings were discussed

in detail in the discussion part of the study.
Being Explainable

Just as the students explicated on the purposes of the activities during the interviews,
they also explained the process of the activities very easily. In fact, to reach at these
explanations, the students were asked to think that a friend in their classroom who
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did not come to that activity, and they were asked how they would describe the
activity to their friends during the focus group meeting. Additionally, each group
presented their solutions to the teacher and other friends at the end of the activities.
The fact that students easily explained the activity process during the interviews and
shared their products with others comfortably indicated that these activities were

explainable for others as an instructional characteristic.

One of the drawings indicated the explainable aspect of the activities in the reflection
paper. In this drawing, the student explained the activities with his/her own words in
the supporting text field. The student wrote that he/she drew the time of introducing
her robot to the teacher and friends during the activity. The drawing (Figure 4-19)
and the supporting text was as follows:

C2_A2 D_S5:

Well done @

N )
SEEW o B

Figure 4-19 Drawing of S5

S5: “In this drawing, I introduce my robot. My umbrella robot works like

this. It warns me when the sun hits me a lot and the buzzer sounds.”
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S5: “Ben bu resimde robotumu tanitiyorum. Semsiye robotum soyle bir ise

yariyor giines bana ¢ok vurunca beni uyariyor ve siren ¢alryor.”

According to findings provided in Table 4.39, the student explained the activity
process easily during the focus group meetings throughout the implementation in
both cycles. Most of them emphasized the design issues of their products. For
instance, two students explained their design for the solution to the problem as they
stopped the robot when moving from a rough surface to a smooth surface and moved
it again on the rough surface after changing the direction in the first activity at the

beginning of the first cycle (f=2). One of those explanations was as follows:

C1l Al FG1_S1: Asthe robot slips, we thought of a method like this: it
stops when it passes from slipping to the rough surface, the siren sounds,

the led lights, then it continues on its way without slipping.

C1_Al1_FG1_S1: Hani robot kaydigi igin biz de soyle bir yontem diistindiik
ptiriizsiiz yerden piiriizlii yere gecerken duruyor sey siren ¢aliyor Isik sey

yapiyor led yaniyor sonra yoluna devam ediyor yani kaymadan.

In a similar vein, one student explained their design-based solution like this: they
developed an air temperature-sensitive robot during the second week in the first cycle
(f=1). This robot helped people with the warning of the hot air. In this explanation,
the student expressed the design of sun, beach, and the sea more than the other issues
in their solution. Additionally, two students describedhow they designed a sample
dustbin (f=2) during the last activity in this cycle. Along with these design-based
explanations, the explanation of a student in the fourth activity covered mostly the
technical dimension of activities (f=1). This technical explanation was as in the

following:

C1l_A4 FG1_S1: We first used an optical sensor. It detects whether it is
black or white; it detects it first. It detects everything in the environment.

After that, as soon as it sees the rubbish, the buzzer sounds for five seconds,
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and the led lights for 3 seconds. After that, it is like this if it is closed color,

but if it is a light color, we tied it to the beginning of the algorithm.

C1_A4_FG1_S1: [ik énce optik algilayict yaptik sivah mi beyaz mi ilk 6nce
onu algilyyor. O ortamda ne var ne yok her seyi algiliyor. Ondan sonra, onu
gordiigii an ilk once bes saniyelik led yaniyor pardon bes saniye siren
calyor ve 3 saniye de led yaniyor. Ondan sonra da kapali renkliyse boyle

oluyor, agik renkliyse de onu basa bagladik.

In the second cycle, the students explained the activities with both aspects i.e, design-
related and technical. The weight of the frequencies of six students’ explanations
was equal for the first and the third activities (f=6), and these activities contained the
majority of the frequencies in this cycle. Similarly, two students interviewed during
the second activity mentioned the design-related and technical explanations about
the activities (f=2). In this activity, one of the students’ explanations emphasized that
he/she presented the activity to other people (f=1). Similarly, one of the students also
expressed that he/she presented these activities to relatives during the third activity
interview (f=1). These explanations indicated that the activities were appropriate to
present to others not only activity connected individuals such as their friends and the
teacher but also to those who were not connected. One of the students who found the
activity to be presentable to the others stated during the last activity that they could

be presented to institutions and organizations:

C2_A4 FG1_S1: For example, if we presented this activity to the Ministry
of Health and made the robots go throughall over, it would be great since

microbes can infect people. Thus we would protect them.

C2_A4_FG1_S1: Mesela biz bu etkinligimizi saglik bakanligina iletsek
boyle her tarafta robotlar gezdirsek iyi olur ¢iinkii saglik amaciyla

insanlara mikroplar bulasabilir. O yiizden korumus oluruz.

To sum up, the students explained the activities and disclosed their solutions in these

activities in several ways during the data collection process of the study. The
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explanations were mostly design-related. The technical explanations about their
solutions were also considerable. The explanations of the students also indicated that
they had presented the activities to the close circle of the activities such as the
classmates and the teacher and others who were not related to the activities. All these

explanations offered that the activities were explainable.
Being Evaluable

Being evaluable was another instructional feature of the activities that contributed to
their credibility. According to findings in Table 4.39, the teacher expressed the
activities with possible evaluation aspects that contained several grading tools such
as product evaluation, activity sheets, and peer assessment forms. He reported these
aspects of the activities mostly in the first cycle. In detail, they were described by
him more frequently during the interview of the first activity (f=3). The teacher
continued his discourses in the same direction equally in the remaining weeks in this
cycle (including Activity-2, Activity-3, and Activity-4, f=1). Moreover, in the
second cycle, the teacher touched upon the evaluable side of the activities during the

last meeting placed for the Activity-4 (f=1) at the end of this cycle.

In his descriptions, the teacher expressed that he got opportunity to check the
learning status of students via these activities. As these activities covered the topics
throughout the whole semester, they enabled a general evaluation for him. The
teacher maintained that he observed students in activities while making this general
assessment for grading. Furthermore, the activity sheets or students' products could
be used for the same purpose. He expressed that the peer evaluation forms, in which
the students used to assess the group members in the second cycle, was very useful
in the evaluation of students in addition to teachers’ observations during the

activities.

C2_A4 _T: | think this evaluation method is very useful because we only
observed the work of the children in the group while evaluating the students
previously. We were making an external observation, but we couldn't see

which of them were involved more effectively. Here, the students evaluated
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their peers, group friends. While evaluating there, we assigned this form as
homework, they evaluated it without seeing other friends, and we told them

that we would not show them to other group members.

C2_A4 T: Bu degerlendirme yonteminin ¢ok faydali oldugunu
diigtiniiyorum ¢tinkii 6grencileri degerlendirirken grup igerisindeki
cocuklarin ¢aliymalarin biz sadece gozlemliyorduk. Disaridan bir gézlem
vapiyorduk ama onlarin hangilerinin daha etkin bir sekilde siirece dahil
oldugunu goremiyorduk. Burada ogrenciler akranlarini, grup arkadaslarini
degerlendirdiler. Orada degerlendirirken de eve bunu ddev olarak verdik
diger arkadaslar: gérmeden degerlendirdiler ve onlara gostermeyecegimizi

bunlarin bizde kalacagin soyledik.

In addition to the teacher’s verbal accounts, only one of the students expressed the
activities' evaluable aspects. This student talked about one of the evaluation tools,
activity sheet, during the interview of Activity-2 (f=1) in the second cycle. The
excerpt of this student presented below implied that the questions prepared to direct
the students on the activity sheet were seen as an evaluation tool. This specific
finding was also supported by the teachers’ explanations about the usability of the
activity sheet as an evaluation tool. The expressions of the student and the teacher

were as follows:

C2_A2_FG3_S2: I talk to my friend (who did not come to this activity) that
the teachers gave us a new paper as usual if he was there in the first
activity. We had our exams from there. There were questions; we answered

those questions.

C2_A2_FG3_S2: Hocam ben ilk basta hocalar bize her zamanki gibi ilk
etkinlikte o (bu etkinlige gelmeyen arkadasim) da varsa derim ki her
zamanki gibi yeni bir kagit verdiler. Ondan sinaviarimizi olduk. Sorular

vardr hocam o sorulart yaptik.
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C1_Al_T: The answers were given by our students in the activity sheet can

be a criterion for us during the evaluation process. Did they understand the
problem? Could they find the causes of the problem? Were they able to find
solutions? Could they make the coding part suitable for that solution? All of

these can be used as an evaluation criterion.

C1_Al1_T: Simdi burada ogrencilerimizin degerlendirme siirecinde o
vermis oldugumuz kagitlardaki verdikleri cevaplar bize bir 6l¢iit olabiliyor.
Problemi anladilar mi? Problemin nedenlerini bulabilirler mi? Coziim
yollarini bulabildiler mi? O ¢éziime uygun kodlama kismini yapabildiler

mi? Bunlarin hepsi biz bir degerlendirme é6l¢iitii olarak kullanabiliriz.

Practice

The activities such as explainable, purposeful, and evaluable for other peoplewere
also found as proper to practice, based on the findings. The students had the chance
to practise in these activities that required active participation from beginning to the
end of the implementation. This active participation formed one dimension of the
practice during the activities. The active students needed to apply what they knew to
complete these activities. The applicable side of the practice was handled as the
second dimension, based on the data analysis. The frequency distribution of the

participants’ descriptions concerning these two dimensions was presented in Table
4.40.

Table 4.40 Frequency Distribution of Codes belongs to Category of Practice

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
= Active participation 3 5 (n=3) 1 1 (n=1) 2 2 (n=2) 1 2 (n=2)
g‘ Applicable 9 - 1 - - - -
N Active participation 1 - - 4 (n=1) - 3(n=2) 1
g‘ Applicable - 3 (n=3) - - - 2 (n=2) -

*n refers to the number of students responsible for the verbal occurrences within interviews
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Active Participation

According to the findings in Table 4.40, the teacher described the active
participation of students in all weeks of the implementation during the first cycle. In
detail, he mentioned it most frequently during the interview of Activity-1 (f=3) at
the beginning of the implementation. During the second and last week's interview,
he expressed only one indicator of the active participation of the students in the
activities (f=1). Again, with close numbers, he referred to two of these indicators
during the interview of Activity-3 (f=2). In the second cycle, the teacher alluded to
the active participation of the students with a lower frequency (f=1) during only two
activities conducted at the beginning and end of the cycle (Activity-1 and Activity-
4).

As the teacher described, the students participated in these activities actively, and
this engaged them in an active learning process. In this learning process, they tried
to use the method of discovery many times. For instance, during the Activity-3, a
group of students used two sensors at the same time in their solution. The teacher
said that he had not explained this usage in the lesson. However, the students in this
group discovered that two condition structures could be used simultaneously in the
activities' active learning process. The teacher also stressed the compatibility of the
whole activity process with the steps of the discovery method. In this process, the
students looked at the problem first, understood it, defined it, and finally developed
a product to solve that problem. According to him, these steps were reflecting the
steps of the method of discovery learning. During these steps, the students actively
participated in the learning process. The teacher maintained that he needed to
motivate the students to participate in these process in some specific cases. These
cases were mostly experienced at the end of the semesters. He commented on this as

follows:

C2_A4 T: I was not able to fully capture the attention of the students
because of the end of the semester or the lack of stimulus. Then, we

included students in active learning, active learning process by giving
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feedback, making corrections, and guiding them at some point in the

activity. Hence, they completed their activity by solving the problem.

C2_A4 T: Hem donem sonu olmasinin hem de belki bir uyaricinin
olmamasindan dolayt ¢ocuklarin belki dikkatini tam olarak
cekemeyebilmisimdir. Daha sonrasinda iste bazi noktalarda doniitler
vererek diizeltmeler yaparak, rehberlik ederek 6grencileri aktif 6grenmenin
icine, aktif 6Srenme siirecine dahil ettik. Iste orada o sekilde problemi

¢cozerek derslerini tamamladilar.

Like the teacher’s verbal accounts, the frequencies of the student’s descriptions were
illustrated in Table 4.40. According to findings in this table, active participation in
activities was described mostly by the students in the first cycle. In this cycle, three
interviewed students during the Activity-1 (f=5) expressed the active participation
of themselves in activities at the beginning of the implementation. The frequencies
of the participants’ descriptions in the remaining weeks were very close to each
other. Among them, only one student referred to the active participation in the
activities during the second activity (f=1). In the remaining weeks’ focus group
meetings, two students mentioned this active participation with equal frequency (for
Activity-3 and Activity-4, f=2). In the second cycle, only one student defined the
active participation in these activities during the interview of Activity-2 (f=4). This
active participation was also voiced by two students in the third activity (f=2) in this

cycle.

Similar to the teachers’ expressions about the use of the discovery method, one
student explained in the focus group meeting that they searched on the internet for
what to do during the earthquake to solve the problem during the third activity in the
first cycle. As in the use of this method, most of the students emphasized that this
active participation was cooperative in the activities. This active collaborative
participation was also expressed for the programming part of the robots. One of the
students commented that this work required active participation, which was opposite

of the course hours, as they worked with the teacher's instructions as follows:
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C1 Al FG1_S1: This was the first time we programmed the robots by
ourselves. Previously, the teacher was telling us then we were doing it. We

made it ourselves for the first time.

Cl Al FGI1 SI: Ilk defa kendi kendimize robot programlama yaptik. Hoca
soyliiyordu bize biz yapiyorduk. ilk defa kendimiz yaptik

As collaboration in the programming part, the division of labor for the remaining
part of the activities was also an illustrator of active participation. This division was
not envisaged before the implementation of the first cycle. However, the necessity
of the division of labor was explained by several students during the interviews.
According to this necessity, if all the group members focused on the same task, other
works would not be finished timely during the activities. One of the students

commented on this as follows:

C1l A4 FG1_S2: Since we do together, the other task will be left half
finished.

Cl A4 _FGI1 _S2: Ciinkii hocam ikimiz beraber yaparsak obiir is yarim

kalacak.

Based on the students' descriptions concerning the division of labor in the first cycle,
it was found that there were three kinds of significant tasks during the activities, and
the students made the division of labor based on these task types. These tasks were
filling activity sheets, robotic, and design tasks. In the second cycle, the students
were asked to do the division of labor in this direction. However, it was also
announced to the students that the purpose of the division of labor was only to
determine the responsible person and rhe other group members should have assisted
this person in the task. It was also emphasized that they could define new labors and
made the division based on these tasks. However, the findings indicated that the
majority of the groups continued their activities with this distribution of tasks without

creating additional tasks. One of the students’ drawings below illustrated the IT
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laboratory where the activity was carried out. In this drawing (Figure 4-20), the

student expressed the division of labor as follows:

C2_A2_D_S6:

The namae of odl!ocJdeou)

19
8

Figure 4-20 Drawing of S6

S6. “I drew the following in this picture: We made the paper at the break
time as we filled the paper in the classroom. Here | drew the IT class. |
drew my teachers and my group. | drew the teacher's desk, board,
computers, materials, and most importantly, I drew my work and the robot.
Since | wasa paper filling duty holder, | drew myself in the picture as | was
filling the paper by taking everyone's thoughts in the group. One of my
friends was programming in the Idea in the picture. The other one was
looking at the materials. We did these tasks by helping each other. My
classroom friends went to break. We were trying to complete our work

’

here.’
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S6: “Ben bu resimde sunlart ¢izdim: Biz kagidi sinifta doldurdugumuz icin
teneffiiste yaptik. Iste burada bilisim sinifini ¢cizdim. Hocalarimi, bizi
cizdim. Ogretmen masasini ¢izdim. Tahtay, bilgisayarlari, malzemeleri ve
en onemlisi ¢calismalarimi ve robotu ¢izdim. Cizdigim resimde ben kagit
doldurma gorevlisi oldugum i¢in herkesin diisiincelerini alarak kagidt
dolduruyorum. Cizdigim resimde Arkadasim A Idea yi yapiyor. Arkadasim
B'de malzemelere bakiyor. Biz birbirimize yardim ederek bu gorevleri
vapiyoruz. Diger arkadaslarim da teneffiise ¢ikti. Bir de biz burada

calismamizi tamamliyoruz.”

The supporting text of S6 implied that the division of labor was just set in the groups
by taking on the responsibility of the task instead of the assignment of the whole
work to that person. The observations during the activities also supported this
finding. Moreover, this was also noted in the activity rules announced at the
beginning of the second cycle, and students were warned about it. However, some
negative expressions in student reflections showed the presence of opposite cases. In
those cases, it was understood that in some groups, the students did not act according
to the division of labor, and they performed their groupmates' duties. One of those

explanations was as follows:

C2_A2_R_S2: What I don't like is that they did everything in it. This activity
was not difficult for me because I did not do much. The good aspect was
that | also answered the activity sheet and the bad thing is that they did all
the things in the activity.

C2 A2 R S2: Hosuma gitmeyenler hepsini onlarin yapmasi. Bu etkinlik
beni zorlamad ciinkii ben ¢ok sey yapmadim. Iyi yonleri etkinlik kagidin

ben de cevapladim ve yazdilar kotii yonii ise hepsini onlarin yapmasi.
Applicable

As opposed to the excerpt of S2, when the duties shared appropriately and done

collaboratively, the activities allowed the students to practise the information they
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had got in the courses. This applicable aspect as an instructional feature was
expressed by the teacher mostly during the interview of Activity-1 (f=9) at the
beginning of the implementation. He repeated his discourses in this direction once
more in the second activity (f=1) in this cycle. He did not report the applicable aspect
of the activities during the interview of remaining activities in this cycle, as well as

all the activities in the second cycle, based on the data provided in Table 4.40.

According to the teacher, the students could apply what they learned in related
subjects in IT and science courses with the activities. They were finding the
opportunity to assess themselves on programming by practising in these activities.
More specifically, they could see the results of the algorithms they created by
applying here, and they also monitored whether they performed it correctly or not.
Additionally, the activities allowed the students to apply their knowledge in the
science course. They could remember the subject taught in science course by

applying them in these activities. He expressed this effect as follows:

C1 Al T: We recalled that subject in science course in this activity by
applying. They also used the information learned on the subject in the
process of the activity.

C1_Al_T: Biz bu etkinlikte fen bilgisi dersinde ki o konuyu uygulayarak
hatirlattik. Hem de o konuda 6grenmis oldugu bilgileri de bu etkinlikte

stire¢ icerisinde kullanmis oldu.

This feature of the activities, being applicable, was also expressed by the students
with close descriptions of the teacher. According to data in Table 4.40, they
described this aspect of the activities during the interview of Activity-1 (f=3) and
Activity-3 (f=2) in the second cycle of the implementation. In these focus group
meetings, the students reported that they had the chance to practise what they learned
in the IT course with these activities. Additionally, the students expressed that they
understood these subjects better by applying in the activities. This better
understanding was also prevailing in the related topics in the IT course. One of the

students commented on this as in the following:
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C2_A3 FG3_S3: Since we can apply what we have learned in that lesson
here, we can understand here a little more because we can apply it here.

We memorized it more here.

C2 A3 FG3 S83: Hocam o derste ogrendiklerimizi burada uyguladigimiz
icin burada uygulayabildigimiz i¢in burada biraz daha ¢ok anlayabiliyoruz.
Biraz daha yerlesiyor.

Teacher Role

The activities also assigned specific roles to the teacher, which were consideredan
important instructional characteristic for the implementation of the activities. Based
on the findings of the current study in Table 4.41, it was possible to divide the
teacher's role into two main titles:being active and inactive, according to the

descriptions concerning his own role in the activities.

Table 4.41 Frequency Distribution of Codes belongs to Category of Teacher Role

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
> Active 16 - 6 - 1 - 1
]
5‘ Inactive 1 - - - 2
N Active 1 - 1 - 1 - 1
@
S .
O Inactive
Being Active

Role of the teacher was reported by only the teacher during the data collection
process. The findings provided in Table 4.41 indicated that he described his role as
active during the interviews of all activities in both cycles. He expressed the majority
of his descriptions about this type of role at the beginning of the implementation. In
detail, the frequency of his descriptions during the interview of Activity-1 (f=16)
and Activity-2 (f=6) was quite high in the first cyclewhereas they were lower than

and equal to each other for the remaining activities in both cycles (f=1). His
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descriptions about his role as inactive were quite lower in comparison to descriptions
on being active. He described himself as inactive during the activities during the
interview of the first (f=1) and the third activity (f=2). His remarkes concerning these
two roles were detailed below.

Teacher’s active role required him of being the resource of the information during
the activities. As a resource of the information, the teacher utilized two instructional
methods to transfer it to the students. The presentation method was used to
summarize the activity process to the students at the beginning of the implementation
in both cycles. Additionally, he was usually active with this method to describe the
problem at the beginning of the activities throughout the implementation process.
After the students started the activity, the teacher, who stopped using this method,
referred to the use of it for a few times during the activity to remind the students of

the pieces of the robot using this method.

C1_A2_T: Some of them forgot the sensors or their usage because | think
there was a situation where the whole class did not involve in the practice
with the sensors during the lesson. Therefore, there were situations where |
explained the subject to the children as our lecture, | repeated in the

activity.

C1_A2_T: Algilayicilarla ders esnasinda uygulama siwrasinda belki tiim sinif
hagsir nesir olma durumu olamadigi i¢in bazilari algilayicilart unutmugslar
va da kullamim sekillerini unutmuslar. Yani etkinlik icerisinde ders anlatim
noktasinda da ¢ocuklara konuyu da anlattigim durumlar oldu, tekrar
ettigim.
Apart from the presentation method as the source of information, mentoring also
appeared as a teaching role that he involved in the process of the activity by guiding
the students when needed. In the activities, the teacher generally performed this role
by asking students various questions to control their work and giving feedback to the
students' questions to guide them in the process. The teacher reported that this level

of guidance was not consistently the same in the process. According to him, the
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guidance needed by the students was decreasing as the activities progressed. He

expressed this as follows:

C2_A4 T: I will say the same thing again, but mostly I was in the position
of mentor. It was a position to direct the students, and this direction
gradually decreased. Just like a working machine, it was decreased towards

the second and third activity.

C2_A4 T: Daha ¢ok yine ayni seyi séyleyecegim ama ben rehber
pozisyonunda oldum. Cocuklart yonlendiren konumunda ve gittikce bu
yvonlendirme daha da azaldi. Tipki bir igleyen makine gibi ikinci ve tigiincii

etkinlikte artik ona dogru ilerledi.

In this mentoring process, the students asked him several questions in various phases
of the activities. The common point of these questions was that they saw the teacher
as a source of information. The teacher expressed that he encouraged the students to

ask any kind of questions.

C1_Al T: I told them that that they should never have hesitated to ask
questions. | alsotold them that therewas no simple question so they should

not have thought it as a simple question.

C1_Al_T: Soru sorarken de hi¢hir zaman ¢ekinmemeleri gerektigini basit
bir soru olmaz, basit bir soru gibi diisiin memeleri gerektigini

soyliiyordum.
Being Inactive

In contrast to being active, the teacher also expressed that he did not take over any
role in some parts of the activities. In these inactive phases, he only observed the
students in certain parts of the activities. The teacher, who said that these parts were

mostly in the production phase, expressed this situation as in the following:

C1_A3_T: In other parts, | have never been in a position to explain the

topic or guide the students. | just observed them.
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C1_A3_T: Diger kisimlarda herhangi bir sekilde ne konu anlatan, ne de

rehber pozisyonunda bulundum. Sadece onlar: gézlemledim.
Contributions

The contributions of activities to the students and the teacher were also considered
as one of the characteristics of these activities. The results about these contributions
were reported in this part of the study as two different themes namely the
contributions to learner and contributions to the teacher. The contributions of the
activities to the students were categorized as skill development, learning outcomes,
and motivation, based on the data analysis. The theme and the related categories were
illustrated in Figure 4-21.

Contributions to Learner

Skill Development

Motivation

Contributions to
Learner

Learning Outcome

Figure 4-21 Categories of Contributions to Learners

The categories of the theme and the related codes were given in Table 4.42. In this
table, a code tree for the categories of the contributions to learner theme listed from
the most cited to the least one during the interviews with the participants. Each

category and the related codes were elaborated on one by one after this illustration.
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Table 4.42 The Code Tree of Contributions to Learner Theme

Categories/Codes >f
Skill Development 186
Soft 102
CT 39
ICT 31
Design 14
Learning Outcome 86
IT 41
Science 40
Other courses 5
Motivation 32
Interest 24
Success feeling 8

Skill Development

The development of skills emerged as one of the contributions of activities to the
students, based on the data gathered from the participants. In detail, both the teacher
and the students reported that the activities contributed to the students’ skills
supporting them in both social and educational life. The skill sets embedded in those
areas of life were cumulated into four headings that began with soft skills associated
with students' non-technical skills. The findings also indicated that the activities
contributed to students’' computational thinking skills throughout the implementation
process. The participants also pointed out that the activities helped the students to
acquire technical skills, specifically ICT (Information and Communication
Technology) skills and design skills. The frequency distribution of descriptions of the
participants for all these skill sets was illustrated in Table 4.43.
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Table 4.43 Frequency Distribution of Codes belongs to Category of Skill
Development

Activity 1 Activity 2 Activity 3 Activity 4
Codes/Participants T S T S T S T S
Soft 2 - 1 6 (n=3) 5 14 (n=4) 3 8 (n=2)
- CcT 11 2(=1) 5 2(n=2) 5 3 (n=2) 3
% ICT 3 2(M=2) 3 4(n=3) 4 2(n=2) 1
Design 3 - - - - - - 1 (n=1)
Soft 9 3(n=2) 2 4(n=3) 2 25(=11) 8 10 (n=6)
N cT - 2(m=2) - 2(n=1) - - 4
& ICT - 4@=2) - 3(=3) 1  1(n=1) 2
Design - - - 9 (n=4) - 1 (n=1)

*n refers to the number of students responsible for the verbal occurrences within interviews

Soft Skills

According to the findings provided in Table 4.43, the teacher reported the
development of soft skills of students during the interviews of all activities throughout
the implementation process in both cycles. In detail, he described the improvement
of these skills of students at the beginning of the first cycle during the interview of
Activity-1 (f=2). His descriptions continued for the remaining activities in this cycle,
and the frequency of them was quite high for the interview of Activity-3 (f=5) in this
cycle. Moreover, the teacher defined students' soft skills as developed, depending
upon the activities during the second cycle of the implementation. In this cycle, the
findings indicated that the majority of his descriptions belonged to Activity-1 (f=9)
and Activity-4 (f=8). The findings also indicated that he expressed this development

in equal frequencies in the remaining two activities (f=2).

According to the teacher’s descriptions, the activities contributed to the students’ soft
skills during the implementation process. Some of the students gained new insights
such as helpfulness and respect for others with these activities. Therefore, they were
very useful for the education of values. Among those values, the awareness of

disabled people’s life was the most remarkable one. The students saw that they could
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help these people by using technology within the third activity scope. In this and
other activities, intra-group and inter-group interaction enabled the students to form
better friendships and contributed positively to their other soft skills,
communication. The students with improved communication skills were able to
express themselves in a working group environment, and they felt self-confident in
those collaboration process. The teacher pointed out the improvement of these skills

during the interview of the last activity of the implementation process as follows:

C2_A4 T: | also think that they have increased self-confidence with these

activities. I think they can express themselves better.

C2_A4_T: Bir de bu etkinliklerle kendilerine giivenlerinin arttigini

diisiiniiyorum. Kendilerini daha iyi ifade edebildiklerini diigiiniiyorum.

The students also commented on the development of their soft skills with the
expressions closer to the teacher’s during the focus group interviews. According to
them, the sense of sharing was improved with the collaboration in the activities.
These shares led to conclusions such as the end of some insults between the students
and resulted in effective communication in the classroom. Additional soft skills
developments related to the activity's scope were also in the form of increasing
awareness for both the environment and the disabled people. A student claimed that
these activities were beneficial in terms of increasing awareness for the disabled by
saying follows:

C2_A3 FG1_S1: Actually, I had never thought that disabled people could
suffer from natural disasters before, but | started to think about it after this
activity.

C2_A3_FG1_S1: Aslinda ben daha énce hi¢ engellilerin dogal afetler
sirasinda zarar gorebileceklerini diisiinmemistim ama bu konuda sonra

diisiinmeye basladim.

The findings provided in Table 4.43 indicated that the students did not report the
contribution of activities to their soft skills at the beginning of the first cycle of the
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implementation. However, they expressed this progress during the focus group
meetings in all other remaining activities throughout the implementation process. In
detail, four students in the focus group interviews of the third-week activity
described the contribution of the activities to their soft skills more frequently (f=14)
than other week activities including Activity-2 (f=6) and Activity-4 (f=8) in the first
cycle. Similarly, in the second cycle, the majority of the students' descriptions
concerning the improvements of the soft skills belonged to 11 students in the group
meeting of the same activity in the first cycle (f=25). The difference of this cycle
from the first cycle was that two students in the focus group meeting of the first
activity also had expressions about the development of these soft skills as well as

other activities.

To sum up, the development of soft skills as a contribution of activities for the
students was mentioned both by the teacher and the students during the data
collection process. These soft skills were mostly towards students' own development.
They increased the sensitivity of students on several topics, which resulted in the rise
of awareness of values on those topics. The participants also said that these activities
contributed to students’ communication and collaborative skills which were other

soft skill developments with the activities.
CT Skills

According to the data in Table 4.43, one of the activities' contributions was on CT
(Computational Thinking) skills of students. According to the participants, since
students experienced problem-solving steps during these activities, they specifically
contributed to the students' problem-solving skills among the CT skills. While
solving these problems, the students were in an autonomous learning process where
they learned from their mistakes. During the programming phase, the students who
learned by debugging the errors also improved their algorithmic thinking skills

among the CT skills.

The students referred to the improvement of CT skills after most of the activities

during the implementation process. According to the findings presented in Table
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4.43, the students started to report that the activities affected their CT skills mostly
at the early activities in the implementation process of both cycles. Firstly, one of
the students expressed it during the focus group meeting of the first activity (f=2) in
the first cycle. Similarly, two students expressed that they developed themselves in
problem-solving and creating the algorithm in the second activity (f=2). In this cycle
of the implementation, two students claimedthat they had forgotten the creation of a
flowchart before this activity. However, they put forward that they remembered it
and completed their deficiencies in creating flowcharts with the activity in the third
week of the implementation (f=3). In the second cycle, the students expressed that
the activities improved themselves in problem-solving since they felt they were able
to solve problems better after these activities. These expressions about improvement
on problem-solving belonged to the interviewed students at the end of the first (f=2)
and second activity in this cycle. One of these students expressed this contribution

as in the following:

C1_Al FG1_S2: When we encounter problems in the future, we can find

solutions. It made it much easier for us to find alternative solutions.

C1_Al_FG1_S2: lleride sorunlarla karsilastigimizda ¢éziim yollar:

bulabiliriz. Alternatif ¢6ziim yollart bulmamizi baya kolaylastirdi.

The teacher also discussed that the activities improved the problem-solving skills of
the students during the data collection process of several activities. At the beginning
of the implementation, he referred to it during the interview of the first activity as in

the following:

C1_Al T: I think their problem-solving skills have increased because they
have found out their causes and solutions. So | think it increased in a

positive direction.

C1_Al1_T: Problem ¢ozme becerilerinin arttigin diigtiniiyorum ¢tinkii
nedenlerini, ¢oziim yollarini kendileri buldular hani arttirdigin

diigtiniiyorum. Olumlu olarak bu sekilde.
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The teacher alluded to the development of other CT skills of the students most
frequently at the beginning of the implementation as mentioned in the excerpt about
problem-solving above. In detail, the majority of his descriptions on the contribution
of the activities to the students’ CT skills belonged to the first activity (f=11) in the
first cycle, based on the findings in Table 4.43. Discourses of him in this direction
continued throughout all activities in this cycle. However, in the second cycle, he
referred to this contribution during only the last activity (f=4). In one of his
description after this activity, he commented on the development of the algorithmic

thinking skills of the students via the activities.

C2_A4_T: We concretely observed that the students’ algorithmic thinking
skills improved.

C2_A4_T: Algoritmik diisiinme becerilerinin arttirdigint somut bir sekilde

gozlemledik.
ICT Skills

According to the responses of the participants during the interviews, ICT
(Information and Communication Technology) skills were the other skill
development area as an outcome of activities. The findings presented in Table 4.43
indicated that there were two aspects of the improvement of ICT skills. One of these
aspects, the robotic skills of students, were reported as improved during the
implementation process both by the students and the teacher. The teacher did not
mentioned the development of this skill at the beginning of the implementation and
the entire process of the second cycle. In contrast, in the first cycle, he reported the
development of students’ robotic skills during the interview of Activity-2 (f=2),

Activity-3 (f=3), and Activity-4 (f=1).

According to the teacher, the students developed programming skills better via these
activities. For instance, some students learned to use some programming structures
in the activities even though they were not covered in the course. Using two

structures simultaneously was one of these contributions based on his observations.
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Moreover, the students improved the skill of using robots, especially some pieces of
them such as sensors and voice cards, as the contribution of these activities. In one
of the interviews, he explained the use of the sound card, which could not be covered

very well in the course hours, as follows:

C1_A2_T: The voice card was the last piece of the robot I covered in the
course hours. We did not have much opportunity to practise there. Indeed, |
could not make an implementation with the voice card that all the students
attended in the classroom. At that point, the children got the help on where
to connect the sound card. They said they wanted to do it. They got help
from me at points like where to connect and how to do it. So, in this activity,
our students used sound sensors as extra sensors and extra robot pieces. As
| said, they never used it in the previous one. The groups that used it also

learned its usage.

C1_A2_T: Ses karti bizim en son, benim derste gosterdigim en son robot
parcasiydi. Cok fazla uygulama yapma firsatimiz olmamisty. Iste ses
kartlarint tiim sinifta hani 6grencilerin etkinlik yaptigi bir uygulama
yvapamamistim. O noktada ¢ocuklar hani ses kartini nereye
baglayacaklarint yardim alarak yaptilar. Hani yapmak istediklerini
soylediler hani nereye baglayacak, nasil yapacagiz gibi noktalrada benden
vardim aldilar. Yani bu etkinlikte ogrencilerimizin ekstra algilayicilar ve
ekstra robot par¢ast olarak ses kartint kullandilar. Dedigim gibi bir
oncekinde hi¢ kullanmamuslardi ve onun kullanimint da o kullanan gruplar

ogrenmis oldular.

The students also referred to the contribution of activities on the use of the voice card
during the focus group meetings. Additionally, it was also expressed by several
students that there were contributions regarding the installation of robots. In fact, the
students were getting the robots ready during the course hours. They encountered the
case that they got all parts separated from each other and installed their robots for

first time during the first activities in both cycles. Therefore, some students reported
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that they gained the knowledge as to how and where these parts should have been
connected during the interviews in those early activities. In addition to the use of
robotic pieces, the contributions of the activities in programming were also reported
by the students. One of them explained the contribution of the activities in the use of

the editor to program the robots during the activities as follows:

C1_A2_FG2_S2: For example, we did not know how robots were designed
and how they were programmed in the Idea software. We learnt them.

Cl_A2_FG2_S2: Sey mesela idea programinda robotlarin nasil
tasarlandigini, nasil yapildigini bilmiyorduk. Onlar: ogrendik.

According to the findings presented in Table 4.43, the students expressed the
contribution of the activities for robotic among ICT skills during the data collection
process of all activities except the last activities in both cycles. Among these
activities, three students during the focus group interview of Activity-3 described
these skills as improved more frequently (f=4) than other activities in the first cycle.
Similarly, two students stated that the activities contributed to their robotic skills
more frequently during the interview of the first activity (f=4) in the second cycle.

In addition to robotic developments as one of the ICT skills, the media use as a
contribution for the students was reported only by the teacher, based on the data
provided in Table 4.43. In detail, the teacher only mentioned this contribution in the
data collection process of the three activities during the implementation. The first
one was during the activity at the beginning of the first cycle of the implementation
(f=3). Then, he repeated discourse on this contribution of activities on the use of
media during the second activity in the same cycle. Lastly, he referred to them during
the interview of the last activity in the second cycle (f=2) where the implementation

was completed.

C1_A2_T: Students were using the computer in these activities. They were
using the idea program they have just seen in the course hours. There is

progress in their use of information and technologies since they get in touch
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with them more here. They have already advanced on this issue from the
beginning of the year. We can say that the activities have a positive

contribution.

C1_A2_T: Cocuklar hani bilgisayart kullaniyorlar, yeni gérmiis olduklart
idea programini kullaniyorlar. Bilgi ve teknolojileri kullanma noktasinda
daha fazla bunlarla hasir nesir olduklart icin bir ilerleme s6z konusu. Yani
sene basindan zaten ¢ok ¢ok ilerdeler, boyle bir sey soz konusu.

Etkinliklerin olumlu yénde katkist var diyebiliriz.

In summary, the study participants mentioned the positive effects of these activities
on the students' ICT skills. The use of pieces of robots, the construction of robots,
and programming of robots were those endowed ICT skills related to robotic,
according to the findings. Additionally, contributions to various media usage such

as internet and computer were other ICT skills.
Design Skills

The participants’ expressions on the activities' contributions indicated that the last
skill improvements of students were about the design. According to them, the
students' design skills improved during the activities since all the students
experienced a production phase during the activities, and they needed to use hand
skills too much during that experience. The students mostly got better in design and
art with these experiences. One of those experiences in the first activity was
expressed by the teacher as contributed to the design skills of the students, according
to the findings in Table 4.43. He commented on design skills during only this activity
(f=3) throughout the implementation process in both cycles. One of his comments in

this activity about the students' development of hand skills was in the following:

C1_Al T: Ithink that it affected us positively in those areas. In
particular, | think that it was positive in developing hand skills of the

students by using these auxiliary materials.
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Cl Al T: O alanlarda hani olumlu yonde bizi etkiledigini diisiiniiyorum.
Ozellikle ¢cocuklarin bu yardimc: malzemeleri kullanarak el becerilerinin

gelismesi noktasinda olumlu oldugunu diigiiniiyorum.

The students also commented on their improvements in design during the interviews
of several activities. Based on the findings provided in Table 4.43, only one student
expressed this improvement in the first cycle. Specifically, this student reported that
their drawings were improved thanks to the activities. The remaining expressions of
the students were gathered during the data collection process of the second cycle.
The majority of these expressions belonged to four interviewed students at the end
of the second activity (f=9). Additionally, only one student expressed he/she learned
to design in these activities with the teacher's help.

C2_A3_FG3_S1: The contributions of the activities in the IT course have
been quite a lot for us. For example, 1 did not know how to design. |

learned to design with the help of the teacher here.

C2_A3 FG3_S1: Hocam bilisim dersindeki etkinliklerin bize katkilar:
baya oldu hocam. Mesela ben tasarlamayr bilmiyordum hocam. Hocadan

vardim alarak tasarlamayr ogrendim.
Learning Outcome

In addition to skill development, learning outcomes at the cognitive level were also
found to be the contribution of the activities to the students. According to findings,
these learning contributions were in the form of new learnings in some cases and the
improvement of previous learnings in other cases. In detail, several students revealed
that they learned new things during the activities. The improvement of previous
learnings occurred in two ways. In one of them, the students had the chance to
corroborate with their previous learnings while, in another, they corrected the
misconceptions in their previous learnings. Both new learnings or the improvement
of previous learnings and the learning outcomes of the activities were clustered under

different fields such as IT (Instructional Technology), science, and other courses in
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the data set. The frequency distribution of the participants’ expressions concerning

these learning outcome fields was presented in Table 4.44.

Table 4.44 Frequency Distribution of Codes belongs to Category of Learning
Outcome

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S
IT 2 4(=2) 3 6(=4) 1 6(n=4)
%, Science 3 2 (n=1) 4 10 (n=3) - 4 (n=3)
© Other courses - 2 (n=1) 1 1(n=1) - 1(n=1)
IT 1 8(=4) 1 5(Mn=38) 1 2(=2) 3
% Science - 8 (n=5) - 4 (n=4) - 4 (n=4) 1
)

Other courses - - - - -

*n refers to the number of students responsible for the verbal occurrences within interviews

IT Outcomes

According to the findings in Table 4.44, the first field of learning outcomes of the
activities was the IT course. The teacher talked about the contribution of the activities
in this area throughout almost the whole process of the implementation. In detail, the
teacher started to referred to the learning outcomes in the IT course in the first
activity (f=2) and expressed it in all other weeks except for the last activity in the
first cycle. The majority of his descriptions concerning the contribution of the
activities in the IT course belonged to the interview of the second activity (f=3) in
this cycle. In the second cycle, it was seen that the teacher mentioned the
contributions in this area during the interview of all activities. He alluded to these
contributions more frequently during the interview of Activity-3 (f=3) than other

activities in this cycle.

The teacher reported one of the contributions in the IT course that the students were
able to know the reason for the creation of an algorithm with these activities. They
were knowledgeable about creating algorithms before these activities, but they

realized why they did it through these activities. Thus, they learned the importance
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of the subject of the algorithm better in this way. With these, the activities became
complementary parts to the learnings in the IT course. Additionally, the activities
were effective in reaching at the objectives of the course. In detail, since the
objectives of the course about the problem solving and algorithm subjects were
related to the activities, the students’ competencies in those objectives were

improved as a result of the implementation. He expressed this as in the following:

C1 A3 _T: Of course, as the students did, they succeed in and learned from
these activities, their competencies in the objectives of the information

technology course increased.

Cl A3 _T: Tabiyaptik¢a, basardikca da zaten hani ogrendikce de bilisim

teknolojileri dersindeki kazanimlardaki o yeterlilikleri de artmis oluyor.

The activities' contribution to the learning outcome of the IT course was also
expressed by the students. First of all, this was on a change of perception concerning
the robots, according to the responses given by the students. For instance, since the
robots were given to the students as full-kit before the activities, and they used
structurally different during the activities, the perception of the students changed
about the structure of the robots. Students who said that they learned that robots
could be without wheels were an example of this situation. This was also reflected
in the drawings of the students. In the first activities, while the students were usually
drawing the robots in the same structure they owned, they mostly drew in different
structures in the following activities. One of those drawing (Figure 4-22) in which
the robot was drawn as a humanoid robot given by one of the students after the fourth

activity was the following:
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Figure 4-22 Drawing of S5 for Activity-4

Like the robots' structural perceptions, the activities contributed to the change in
students' thoughts about their usage areas. This perception change was mostly
related to the ill-structured problems in the activities. For instance, several students
expressed that they learned that people with disabilities could be helped with robots

after the third activity.

The students also reported that they improved themselves in programming with these
activities. There were several findings regarding the use of the editor in which
students programmed the robots. Some of the students expressed that they learned
the menus in the editor with these activities. Since they drew the flowcharts during
the programming the robots both in editor and on the activity sheets, the activities
also contributed to the students on the subject of the algorithm. This learning was

sometimes in the form of correction of old misconception while sometimes in the
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form of acquiring completely new information. For instance, two students who were
confused about the functions of the shapes used in flowcharts put forward that these
confusions were resolved as a result of the activities. Additionally, one of the
students explained how they learned the usage of loop structure when creating a

flowchart during the third activity as follows:

C1_A3 FG3_S1: We had put an end to our flowchart, but it would do it
once and never do it again. But if we tied it to the beginning, it would do it

continuously. We learned this.

C1_A3_FG3_S1: Biz en sona bitir koymustuk ama onu bir kez yapacakti ve
bir daha yapmayacakti. Ama onu basa baglasaydik siirekli yapcakti. Siirekli

olunca. Bunu 6grenmis olduk.

The findings related to the contributions of activities on algorithm also coincided
with the results of the quizzes applied to students both before and after the
implementation of the activities. In fact, unplugged algorithm quiz contained open-
ended questions that were given to the students in both cycles two times: before the
activities and at the time when the activities ended. The answers given by the
students in these quizzes were evaluated with the help of a rubric. Detailed
information on the development and implementation of the test and rubric was
presented in the methodology chapter of the study. As indicated in that section, the
normality of the distribution of the unplugged algorithm test scores was not met.
Therefore, a non-parametric test was conducted to examine the change of the
students’ scores before and after the implementation process in both cycles. The
descriptive statistics of students for these tests (please see in Table 4.45) and the
findings of the test for related samples (please see in Table 4.46) were presented in

the following.
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Table 4.45 Descriptive Statistics for Unplugged Algorithm Scores of the Students

Cycle Test N M SD Min. Max.
Before 24 80.70 15.85 37.50 99.00

. After 7 87.86 13.08 62.00 100.00
Before 49 63.66 20.63 15.00 93.50

? After 33 68.07 20.79 0.00 92.00

The descriptive statistics for the students' scores on the unplugged algorithm quiz in
Table 4.45 indicated that there were 24 students who took the quiz before the
implementation process in the first cycle. However, only seven of them completed
the same quiz after five weeks at the end of the activities. The scores of the students
were ranged from 37.50 to 99 (M=80.70, SD=15.85) at the beginning of the
implementation process whereas they were ranged from 62 to 100 (M=87.86,
SD=13.08) at the end of the implementation in this cycle. In the second cycle, 49
students took the quiz one week before the beginning of the activities. After eight
weeks, 33 students completed it again. The scores of the students were between 15
and 93.50 (M=63.66, SD=68.07) at the beginning of the activities. On the other hand,
they were ranged from 0 to 92 (M=68.07, SD=20.79) at the end of the

implementation process.

As normality of differences between the two scores assumption was not satisfied,
one of the non-parametric tests, Wilcoxon Signed Rank Test, was performed in order
to examine whether there was a significant difference on unplugged algorithm quiz
scores of students. The results of the tests for both cycles were presented in Table
4.46.

The results of the Wilcoxon Signed Rank Test in Table 4.46 indicated that the scores
of the students on the unplugged algorithm quiz were significiently increased
throughout the implementation process in the second cycle (z=-2.54, p<.05). The
sum of the ranks in favor of after the implementation scores was 294.50 while the

sum of the ranks in favor of before the implementation scores was 83.50 in this cycle.
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However, this increase was not a significant for the students in the first cycle. The
potential reasons for the results of this difference between these two cycles were

elaborated on in the discussion chapter.

Table 4.46 Wilcoxon Signed Ranks Test Results on Unplugged Algorithm Quiz
Scores

Cycle Algonr?!#%g?;uiz N Mean Rank ??uanr:g z P
Negative Ranks 2 5.00 10.00 -0.68 .50
. Positive Ranks 5 3.60 18.00
Ties
Negative Ranks 6 13.92 83.50 -2.54 .01*
. Positive Ranks 21 14.02 294.50
Ties
*p<.05

Science Course Outcomes

According to the interviewed participants, another learning outcome of the activities
belonged to the science course. The findings provided in Table 4.44 indicated that
the teacher mostly expressed the contribution of the activities to the outcome of the
Science Course at the beginning of the implementation process. In fact, he described
some of these outcomes during the interview of Activity-1 (f=3) in the first cycle
firstly. Then, his descriptions reached the highest point in terms of the frequency
during the interview of the second activity (f=4) in this cycle. In addition to these
descriptions at the beginning of the implementation, he expressed this contribution
at the end of the implementation last time during the interview of Activity-4 (f=1) in

the second cycle.

The teacher mostly expressed the overall learning contribution of the activities to the
Science Course. According to him, the students had the opportunity to experiment
with the subject they studied in the science course with the first activity. They
recalled their knowledge in the Science Course by using it in those experiments or
by practising related knowledge in other activities. In addition, the students acquired

new information about this course during the activities. They mostly obtained the
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new information from the video viewed at the beginning of the activity and the
problem scenarios presented in the activity sheet. He discolosed his observation
about the contribution of the problem scenario on the learning outcome of science

course as in the following:

C1_A2_T: I have observed that the students also got new information from
the problem statement. For example, we had students who did not think that
sun rays could be harmful. These students always thought it was useful. We
had students who did not know that the sun involved vitamin D and did not
know that it was so useful. The problem statement also taught them new

information about science course.

Cl A2 T: O problem durumundan ¢ocuklarin yeni bilgiler de edindiklerini
gozlemledim. Hani mesela giines isinlarinin zararl olabilecegini hani
diigtinmeyen ogrencilerimiz de vardi. Hep faydali oldugunu diisiinen
ogrenciler. Ya da d vitamini falan oldugunu bilmeyen bu kadar faydali
oldugunu da bilmeyen ogrencilerimiz de vardi, hani problem durumu yeni

bilgiler de ogretmis oldu. Fen bilgisi ile ilgili.

The excerpt from the teacher overlapped with the description of one student who
stated that he/she learned the information about vitamin D from the text of the
problem scenario of this activity. Similar to this expression, the students reported
that the activities contributed to several subjects in the science course i.e., heat and
light, disruptive natural events, and force and friction subjects. It was clear from this
finding that all of these subjects were the topics of the science course which were
used when forming problem scenarios of the activities before the implementation.
However, some of the students also mentioned that these activities were effective for
learning other subjects related to the science course apart from the subjects related
to the problem scenarios. The stage of the matter was one of those subjects, and one

of the students expressed this subject as the learning outcome of the Activity-2.
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C1l A2 FG3_S1: We learned that salt melts ice. Our teacher brought this to
our mind. In fact, he said the robot could stand there and pour salt. Then it

came to our mind.

C1 A2 FG3_S1: Tuz buzu eritiyor onu égrendik. Bunu aklimiza hocamiz
getirdi. Aslinda orada durup tuz dokebilir demisti. Ondan sonra aklimiza

geldi.

The findings in Table 4.44 indicated that the students expressed the learning
outcomes of activities in the science course during the interviews of all the activities
except for the last activities in both cycles. In detail, one interviewed student
described this outcome during Activity-1 firstly (f=2). The majority of the students'
descriptions of the science course learning outcome of the activities belonged to the
next week's activity (f=10) in the first cycle. Three interviewed students expressed
the science course learning outcomes for the activities during the interview of
Activity-3 (f=4) last time in this cycle. In the second cycle, five students who
participated in the first activity referred to these outcomes more frequently (f=8) than
four students interviewed during the second (f=4), and the other four students
participated in the focus group meeting of Activity-3 (f=4).

An academic achievement test was also applied to examine the learning outcomes in
the science course. This academic achievement test involved multiple-choice
questions about the related science course subjects to the activities. The test was
given to the students before the activities, and they completed the same test again
after the implementation. The development process and reliability analysis of the
Science Academic Achievement Test were presented in the methodology chapter of
the study. The descriptive statistics for this test when it was applied in both cycles
were provided in Table 4.47.
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Table 4.47 Descriptive Statistics for Science Academic Achievement Test Scores
of the Students

Cycle Test N M SD Min. Max.
Before 23 65.22 15.49 38.10 95.24

. After 14 71.09 15.68 33.33 90.48
Before 46 56.21 18.20 9.52 90.48

? After 17 65.94 14.79 38.10 85.71

According to the descriptive statistics of the students on the Science Achievement
Test provided in Table 4.47, a total of 23 students took the test before the
implementation process of the activities in the first cycle. The scores of these
students were ranged from 38.10 to 95.24 (M=65.22, SD=15.49), which indicated
that the student with the lowest score in this test answered only 8 of the 21 questions
correctly while the student with the highest score gave the correct answer to 20
questions among the total 21 questions in the test before the implementation of the
activities in the first cycle. After the completion of all the activities, the test was
applied again to 14 students in this cycle. The scores of these students were between
33.33 and 90.48. This result indicated that the student with the lowest score in this
test answered only 7 questions correctly among a total of 21 questions, and the
student with the highest score gave the correct answer to 19 questions in the test
when they completed the activities in the first cycle. In the second cycle, 46 students
participated in the Science Achievement Test before the implementation process.
The scores of the students ranged from 9.52 to 90.48 (M=56.21, SD=18.20). This
result showed that the student with the lowest score in this test had only 2 correct
answers among 21 multiple-choice questions while the highest score belonged to the
student who answered 19 questions correctly. After eight weeks, a total of 17
students took the same test again at the end of the implementation process. The
scores of the students who participated in this test ranged from 38.10 to 85.71
(M=65.94, SD=14.79). According to this result, the student who had the lowest score

in the Science Academic Achievement Test answered only 8 of 21 questions
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correctly whereas the highest score belonged to the student who had 18 correct

answers among 21 total questions.

Since the normality of differences between the scores was not satisfied among the
scores in both cycles, one of the non-parametric tests, Wilcoxon Signed Rank Test,
was performed in order to examine whether there was a statistically significant
change between scores of students. The results of the tests for both cycles were
presented in Table 4.48.

Table 4.48 Wilcoxon Signed Ranks Test Results on Science Academic
Achievement Scores

Cycle Acﬁicez\e/re]r(ﬁent N " Rank ?Quamlgsf z P
1 Negative Ranks 4 4.88 19.50 -1.21 .23
Positive Ranks 7 6.64 46.50
Ties 1
) Negative Ranks 4 4.88 19.50 -2.31 .02*
Positive Ranks 11 9.14 100.50
Ties 1
*p<.05

The results of the Wilcoxon Signed Rank Test provided in Table 4.48 indicated that
there was not enough evidence to conclude a significant change in science academic
achievement test scores of the students in the first cycle. In contrast, the scores of
students after the implementation process were significantly higher than the scores
of students that measured before the implementation of activities in the second cycle
(z=-2.31, p<.05). The sum of the ranks in favor of the end of the implementation
process was 100.50, whereas it was 19.50 before the implementation process.
Therefore, the students’ science achievement scores significantly increased during
the implementation process of the second cycle. It can be expressed as a result of this
analysis that the activities contributed to the academic achievement of the students

on related science subjects in the second cycle.
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Outcome for Other Courses

In addition to Science and IT Courses, the participants also expressed that the
activities contributed to learning outcomes in other courses. The fields of these
courses were related to linguistic, art, math, and social sciences. The data provided
in Table 4.44 indicated that these areas were reported both by the teacher and the
students only in the first cycle of the implementation. The teacher reported one of
those fields only during the interview of Activity-2 (f=1) in this cycle. The teacher
expressed that the activities contributed to the students in the field of art besides IT

and science, saying the following:

C1_A2_T: The activity has an impact on IT and science. They are already
the fields where we use our activity. Apart from that, it also has an impact

in the field of design and visual arts.

C1_A2 T: Bilisim teknolojileri, fen bilgisi alanlarinda etkisi var. Zaten
onlar bizim de etkinligimizi kullandigimiz alanlar. Onun haricinde yine

tasarim, gorsel sanatlar alaninda etkisi var.

The findings presented in Table 4.44 indicated that the students expressed the
contribution of activities for other fields during the interviews of all activities except
for Activity-3. During the interviews of these activities, the students reported that the
activities contributed to the linguistic because they were typing what they decided
while filling the activity sheet during the first phase of the activities. Also, such a
contribution took place in the field of math course since they had to do some
calculations during the design and programming parts. Apart from these two-course
fields, one of the students stated in the reflection paper that these activities could

contribute to social science course. This student's reflection was as in the following:

C2_A3_R_S4: | think this activity was useful. It especially contributed to

our science and social courses. | can use it in every field.

C2_A3_R_S4: Bence bu etkinlik faydaliydi. Ozellikle fen ve sosyal

dersimize katkist oldu. Her alanda kullanirim.
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Motivation

Along with skill development and learning outcome, the activities were also effective
for the enhancement of the motivation of the students. The contribution of the
activities was also placed on the increase in the interest of the students toward the
courses and the activities, according to the participants. Moreover, they engaged the
students with the enhancement of their success feeling. The frequency distribution

of the participants’ descriptions of these codes was presented in Table 4.49.

Table 4.49 Frequency Distribution of Codes belongs to Category of Motivation

Activity 1 Activity 2 Activity 3 Activity 4

Codes/Participants T S T S T S T S

— Interest 6 - 4 - 3 - 2

@

S

O Success feeling - 2 (n=2) - - - -

o~ Interest 2 - 2 - 1 - 4

@

S

O Success feeling 1 1(n=1) - 1(n=1) - 1 (n=1) 2

*n refers to the number of students responsible for the verbal occurrences within interviews

According to the findings in Table 4.49, only the teacher referred to the contribution
of the activities to the increase in students’ interest toward the courses and the
activities during the data collection process. He specified this contribution for all the
activities. The frequency of his description was quite high at the beginning of the
implementation. In fact, he mostly reported the enhancement of the interest of
students in the early weeks of the implementation (including Activity-1, f=6 and
Activity-2, f=4) in the first cycle. In contrast, the majority of his descriptions in the

second cycle belonged to the last activity (f=4) in the second cycle.

The teacher expressed that the activities increased the students' interest for both IT
and science courses. According to him, the students performed in these activities
without getting bored. Thus, the activities with this entertaining aspect increased the
students’ interests toward the course. This increase was more evident for the students

who had less interest in the lesson before. For instance, as the classes of the students
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were divided into groups based on gender in the second cycle, the teacher stated that
the activities removed the lack of interest in the girl’s groups. Additionally, the
teacher reported the same interest increase for this gender in the mixed classroom
during the first cycle as follows:

C1_Al_T: At the beginning of the year, for example, this is what is common
in female students. At the point of computer use, | observed that they were a
bit lagged behind the boys. However, when | look at it now, | think that
especially the girls were very eager for this. I think their interest and
motivation increased in using computer, using robots, assembling those
robot parts, coding section. In fact, there is not much fear or indifference in
our male students, which is classic, like using the computer, such as using it
immediately, but | observed here that the interest of our female students and

students who were not interested in it has increased with these activities.

C1 Al T: Sene baslarinda mesela kiz ogrencilerin genel de olan da zaten
budur hani gozlemledigim. Bilgisayar kullanimi noktasinda hani erkeklere
gore biraz daha geri planda oldugunu gozlemliyordum. Su anda ama
baktigim zaman ozellikle kiz ogrencilerimin bu konuda ¢ok istekli
olduklarini onlarin bilgisayar kullanma, robotlar: kullanma noktasinda, o
robot par¢alarini takma birlestirme, kodlama béliimiinde hani ilgilerinin ve
motivasyonlarimin arttigini diigiiniiyorum. Zaten hani erkek
ogrencilerimizde hani klasiktir hani bilgisayar: hani béyle hemen kullanma
sey noktalarinda hani korkma ya da ilgisizlik pek yoktur ama kiz
ogrencilerimiz ve daha ¢ok ilgi duymayan 6grencilerimizin de ilgilerinin

arttigini gozlemledim.

The teacher also touched upon the motivational contribution of activities for science
course during the interviews (f=9). According to him, the students were willing to
perform similar activities in science courses, too. This referred to an increase in their
interest in that course. This increase was expressed by the teacher in one of the early

activities of the implementation as follows:
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C1_Al T: Ithink the interest and motivation in science course increased.

C1_Al_T: Fen bilgisi dersindeki ilgi ve motivasyonun arttigini

diistiniiyorum.

According to the findings, the activities also contributed to students motivationally
by providing them success feeling. The teacher described this sense during the
interviews of the activities in the second cycle (including Activity-1, f=1 and
Activity-4, =2, based on the data in Table 4.49). According to him, the activities
gave the students success feeling which was impossible to reach in other courses. In
addition to this general expression, he also commented on the same feeling as a
motivational contribution to one of the special education students in one of the

groups as follows:

C2_Al T: We have a special education student, a student with learning
difficulties. It was positive and nice that that the students, who was in male
classroom, wanted to come to classroom in between lunch time and spend
time outside the classroom with these activities. It is nice to have an interest
in them, to feel that | can do it, to experience that feeling. It had a

contribution to us like that.

C2 Al T: Ozel egitim dgrencisi, 6grenim giicliigii ceken bir 6grencimiz
var. Erkek sinifinda olan bu kaynastirma 6grencisi dedigimiz
ogrencilerimiz mesela 6gle arasinda gelip ders digi zamanda da bu
etkinliklerle vakit gecirmek istemesi olumlu ve giizel bir sey. Ilgi duymas,
ben yapabilecegim hissini almasi, onun o duyguyu yasamasi giizel bir sey.

Boéyle bize bir katkist oldu.

The students also referred to the feeling of being successful. According to the
findings in Table 4.49, only two students reported the feeling of being successful
during the focus group meeting of the first activity (f=2) in the first cycle. In contrast,
in the second cycle, one student in each activity except for the last activity mentioned

this contribution in the second cycle. According to the students, completing the
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activity properly and putting a product in the end made them happy. A dialogue
implying this feeling took place in the second cycle's focus group meeting of the first

event as follows:
C2_Al FG3_S2: Sir, we like to do this and run it.
C2_Al FG3_S1: Yes, we felt talented.
C2_Al FG3_S2: Hocam, bunu yapip ¢alistirmak hosumuza gitti.
C2_Al FG3_S1: Evet kendimizi yetenekli hissettik.
Contributions to Teacher

According to the findings, the activities contributed to the teacher as well as the
students. These contributions were clustered under the category of professional

development. This theme and the related category were illustrated in Figure 4-23.

Contributions to Teacher

Professional Development

Figure 4-23 Categories of Contributions to Teacher

The data sources for the theme were the interviews with the teacher and the students
in both cycles of the implementation. However, only the teacher commented on the
contributions of the activities for himself. Therefore, a code tree which included the
category of professional development of the teacher and the related codes listed from
the most cited to the least by the teacher during the interviews presented in Table
4.50. The professional development category and the related codes were elaborated

on after this table.
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Table 4.50 The Code Tree of Contributions to Teacher Theme

Categories/Codes 2f

Professional Development 90
Interest for research 42
Instructional change 39
Communication 9

Professional Development

The contributions of the activities to the teacher were asked to the teacher during the
interviews. According to the responses of him, the professional development of the
teacher as a contribution of the activities appeared in different ways. In one of them,
the teacher expressed an increase in new interest under various research subjects. In
addition, these activities brought him new experiences in the field of his profession.
These experiences accompanied changes in his used instructional approaches. For
instance, these activities led him to implement different instructional plans, or they
showed to him the importance of using different teaching methods more obvious.
The teacher also reported that communication with the students improved with these
activities. The frequency distribution of his descriptions concerning these aspects of

his professional development was presented in Table 4.51.

Table 4.51 Frequency Distribution of Codes belongs to Category of Professional
Development

Activity 1 Activity 2 Activity 3 Activity 4
Codes/Participants T T T T
4 Interest for research 7
§ Instructional change 3 1 2
© Communication
o Interest for research - - - 1
§ Instructional change 1 - - 2
© Communication 3 - 1 2
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Interest for Research

According to the findings provided in Table 4.51, the teacher expressed the majority
of his descriptions about the contribution of the activities to himself concerning the
interest in research during the interview of Activity-1 (f=7) in the first cycle.
Additionally, he referred to this contribution at the end of the implementation last
time (f=1) in the second cycle. According to the teacher, these activities prompted
him to investigate the possibility of conducting the activities with other courses such
as math or art besides science. In addition, he found himself in a new research trend
with these activities regarding the use of robots. This trend started as searching the
robot firm’s developments closely and continued with the use of different robot Kits.
He expressed his research interest in using the robot parts in another system in these

kits as follows:

C2_Al T: For example, | thought that the sensors used in Ardunio can be
attached to these robots. | also had a friend who did it. The sensors are
more in Ardunio. | had the desire to investigate whether | would use

different materials for the solution suggestions that the children gave.

C2 Al T: Bunu mesela ardunio'daki kullanilan algilayicilarin bu
robotlara takilabilecegini, olabilecegini diigiindiim. Yapan bir arkadasim
da vardi. Ardunio’da biraz daha algilayicilar daha fazla algilayici ya da o
malzemeleri kullanip, ¢cocuklarin o vermis oldugu ¢oziim onerilerine yonelik
farkl algilayicilar kullanip kullanmayacagimi arastirma istegi uyandirdi

bende.
Instructional Change

The contributions of the activities in terms of the change in the instructional method
and the planning of the instruction were also reported by the teacher during the data
collection process. In detail, the teacher defined the instructional change as one of
the contributions of the activities almost throughout the implementation process in

the first cycle except for the last activity. The majority of his descriptions belonged
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to the interview meeting of the first activity (f=3) in this cycle. In the second cycle,
he referred to these changes as a contribution only during the interview of Activity-
1 (f=1) and Activity-4 (f=2), based on the finding provided in Table 4.51.

According to the teacher, the activities encouraged him to plan the instruction that
the students would be more active. The reason behind this decision was that the
situation that the students were bored in the normal course hours was not observed
during these activities. Since the students worked more actively here, the teacher
commented that this kind of planning could be done during the normal course hours.
Apart from planning, these activities were also effective in terms of the methods used
in teaching. One of these effects was the use of class resources. As a contribution of
the activities, the teacher stated that he realized how effective the resources in these
activities for involving the students in the learning process. In addition, these
activities created awareness for the teacher at the point that some students should be
dealt with individually. According to him, the activities were effective both for
specifying these students and creating this perception. Another perception change on
the instructional method with these activities was concerning the importance of note

taking for him. The teacher touched upon the change at this point as follows:

C1 A2 T: I developed the idea that it is important for children to take
notes and assign homework for some information to be permanent. After

that, 1 will guide my students at this point when | am teaching in the course.

C1_A2 T: Baz bilgilerin havada kalmamasi i¢in ¢ocuklarin not tutmasi,
odevlendirilmesinin bu noktada é6nemli oldugu fikri bende uyanmis oldu.
Bundan sonra derslerimi anlatirken bu noktada 6grencilerimi

yvonlendirecegim.
Communication

Development of the teacher’s communication with students was another contribution
of the activities reported by the teacher only during the implementation of the second

cycle. In detail, he first expressed the communication contribution of the activities
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during the interview of Activity-1 (f=3) in this cycle. Then, he repeated it during the
interview of Activity-3 (f=1) and Activity-4 (f=2). According to him, the activities
were beneficial for the development of communication with students in general.
However, the main reason for the communicational contribution was brought up only
in this cycle was that the teacher was appointed to a new school in this part of the
implementation. He expressed that these activities contributed to the development of
communication with the students in this new environment. The activities were
carried out by enabling the teacher to establish a closer relationship with the
students. This made it easier for the teacher to get used to the new environment. He

described it as in the following:

C2_Al _T: Also, I think that the activities developed my adaptation process
in the school, getting used to my students, and their getting used to me by
getting to know the students better, spending more time with them, having a

dialogue with them.

C2 Al T: Ayrica ogrencileri daha iyi tanima, onlarla daha fazla vakit
gecirme, onlarla diyalog halinde olmam hem okula wyum alisma stirecimi,
ogrencilerin bana alismasini, benim onlara aliymami gelistirdigini

diigtiniiyorum.

4.6  The guideline of problem-solving activities designed for middle school
students to solve ill-structured problems in science by integrating
Educational Robotics (RQ3)

The third sub-question of the study was to uncover the guidelines of the activities in
which middle school students solved ill-structured science problems by using
educational robots. The researcher utilized the relationships of codes that emerged
in the previous two-sub questions to unveil this guideline in this part. Additionally,
the previous findings related to the preparation of the activities and their

modifications were also used to support these relationships. However, it should be
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noted from the beginning that the pattern of relationships that make up the guideline
is tightly bound to the context of the activities that was formed for this study. For
this reason, this guideline was created to assist the same activities that were put
forward in a similar context more than the generalization of them for other activities

and contexts.

Motivation of Students
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Figure 4-24 The Relationships of the Findings on Motivation of Students

The relations of the findings concerning the motivation of the students in activities
were presented in Figure 4-24. According to this figure, the results of analysis of
current status (ACS), which conducted in the school of the first implementation of
the activities, indicated that one of the educational opportunities of the
implementation was that the majority of the students were willing to conduct such
activities and their high interest in the technology used in activities would motivate
them toward the activities. However, some of them who had low motivation levels
were considered as one of the threats and taken into consideration before the
activities by the researcher. This threat was asked to the experts during the interviews
of the preparation process of the activities. They suggested that the interest of

students should be focused, especially in the first activity. Therefore, it could be the
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right decision for the order of the activity of the robot factory as the first activity
since it kept one of the technology, the robots, in the foreground more than other

activities.

The low motivation level considered before the implementation of the activities was
also one of the challenges of the implementation process. The underlying reasons
behind lack of motivation were identified as unwillingness on duty, emotional
routers, and lack of video, based on the findings concerning the activities' challenges.
In fact, the students worked in groups during the activities and they had exploited
division of labor to manage the group works. Some students who did not want to
perform the task assigned to him/her lowered the motivation of other group
members. Unwillingness in duties was mostly observed at programming and filling
activity sheet tasks. Therefore, these tasks should be made more attractive to the

students by the teacher during the activities.

The other task in activities, which was exactly the production task, was not reported
among the undesirable duties by the participants. Some of the utilized resources in
the design might be the reason for this result. In fact, one of the resources of the
activities, the stationery materials, was found to be one of the facilities of the
activities. These materials used to simulate the problem scenario and/or as a part of
the solution by the groups during the problem-solving process. They also engaged
the students into the problem-solving process with their attractive aspect as well as
other resources such as visual materials, computers and the robots. Therefore, all
these facilitative resources should be made ready during the activities in order to

motivate the students.

The emotional routers, which were related to the content of the ill-structured problem
scenario and the content of the video watched at the beginning of the activity, were
some of the factors that decreased the motivational level of the students during the
activities. In detail, the upsetting content such as difficulties about disabled people
or what happened in natural disasters decreased some students' motivational level

during the problem-solving process. Apart from its content, the absence of a video
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at the beginning of the activities was another factor affecting the motivation of the
students negatively. For this reason, with an instant modification on the activities
after the first one, the activities began to be started with a video for the students. The
positive attitudes of the students towards the video emerged as a result of the
observations made during the lessons before. According to the results of this
observation, the students reacted to the video with great interest during the course
hours. Similarly, when an introduction video was utilized during the activities, it was
found as one of the motivational sources of the activities. This video was produced
by the researcher in conjunction with the corresponding activity’s problem scenario.
The specially prepared video as well as other visual materials of the activities were
found to be one of the enablers of the activities as in one of the suggestions of experts.
Therefore, a video preparing the students for the ill-structured problem scenario

could be used at the beginning of the activities.

It was also observed that the students were working devotedly in the problem-solving
process during the activities. Some of them did not go out even though they had a
break and most of them were eager to do similar activities. This engagement
contributed to the students as an increase in their interest toward the activities and
the courses (IT and Science). Additionally, the activities motivated the students by
giving them success feeling. In general, the students had the opportunity to reach at
this feeling since they solved a problem as the result of the activity. Additionally,
they created a product at the end of each activity. This, tangible side of the activities
provided satisfaction for the students. These results (as a strength of the activities in
current status analysis) emphasize the significance of the success feeling for the

students' satisfaction level from the activities.

The presentation of the solutions to others at the end of activities, which could be
effective for revealing the feeling of success, was a procedural modification for the
second cycle. According to this change, while the students only made the
presentation of their solution to their teachers in the first cycle, they started to present
it to the whole class in the second cycle. This change contributed to the explainable
side of the activities (one of the instructional features) and indicated that both the
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design-related and the technical explanations for others (teacher, classmates, other
friends and relatives) should be promoted to evoke the students' success feelings.
Therefore, regardless of its’ effectiveness, the solutions for the ill-structured
problems should be presented to some/all of these people in a suitable environment.

The entertaining aspect of the activities also motivated the students during the
activities. Besides, the activity process as a whole, the phases of them (filling the
activity sheet, programming the robot, and design the products) were seen as the
source of the entrainment during the implementation process. Therefore, these
phases should be taken their place during each activity process. Additionally, the
collaboration in these phases had an entertaining aspect. The students who worked
in groups reported that they engaged in the activities easily by sharing with
groupmates. This indicates the importance of the collaboration in the problem-
solving process of the activities. Therefore, the collaboration of students should be
encouraged during the activities since the students worked better as a result of
entertaining aspect of group works.

In conclusion, the following prescriptions are strongly advised to increase the

students' motivation level during the activities:

e The students’ low level of motivation should be taken into consideration
before the implementation. The students’ interests can be used to grab the
attention of the students at the beginning of the activities. The technology,
the stationery materials, and the visual materials used in activities were some
of those interests. The activities should be equipped with these or similar
attractive materials.

e The activity equipment offered to students should be chosen carefully since
it motivates them during the problem-solving process. Visual materials
(introduction video or slideshows) and other equipments (computers, robots,
and stationery materials) should be made ready with great care before the

activities.
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While creating the ill-structured problem scenarios or the visual materials
presented at the beginning of the activities, the content that may have
emotional effects on students should be avoided since they decrease the
students’ motivation during the activity process.

The activities as a whole and the phases (filling activity sheet, programming,
and production) were found as entertaining by the students. Therefore, these
phases of the activity process should be kept during the implementation of
the activities.

Collaboration in group works is an important motivation source and it should
be encouraged throughout the implementation process. However, working
dynamics in the collaborative environment can change this effect. Therefore,
it should be provided that all the group members are working in groups with
an equal/close workload, and the tasks (filling the activity sheet,
programming), which are not as attractive as the design task, should be
encouraged for the students during the activity process.

The success feeling is important for the students’ motivation toward the
activities. The students’ solutions for the ill-structured problems and the
product developed as a result of each activity are the sources of this feeling.
Therefore, the solutions with the products for the ill-structured problems
should be presented to others by the group members at the end of the

activities.
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Figure 4-25 The Relationships of the Findings on Readiness of Students

Daily Life Context

For the guideline of the activities concerning the readiness for the activities, the
relations of the findings were examined, and these relationships were illustrated in
Figure 4-25. According to this figure, the analysis of current status (ACS) revealed
that participants emphasized the instructional threats about the students’ readiness.
In detail, the findings of the analysis showed that the lack of readiness would be
challenging during the implementation of activities. As one aspect of the readiness,
the students' grade level was asked to experts who had previously conducted some
activities with the same robot kits and to the students in both public and private
middle schools. According to their experience, they conducted such activities at the
fifth-graders, and they did not experience any difficulty concerning their grade level.
Additionally, the other experts' suggestions also guided the choice of the grade
level for the activities in the current study. There was an important warning given by
these experts saying that higher middle school levels should not have been selected
due to the national high school exam since both the school administrations and the
parents did not look at these activities positively at these levels. Additional
suggestion related to the students' readiness was that learning of the related subjects

in the science course should have been waited to start the activities for the schedule
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of the activities. Moreover, a test could have been prepared and conducted to see the

students' readiness level on prerequisites before the activities.

Another aspect of students' readiness, the prerequisites of the activities, was closely
related to the associated fields of the activities. The finding for these fields, the
activities' domain characteristics, indicated that the activities were highly
interdisciplinary with the core fields as IT and science and others such as linguistic
and art. In detail, the activities had a core interdisciplinary knowledge baseline in the
IT and science fields. For this knowledge baseline, the necessity of the higher level
of readiness on the pre-requisites could not be ignored. Therefore, the subjects
described as pre-requisites in these areas should have been carefully completed
before the activities.

According to findings, some of the prerequisite subjects reported by the participants
overlapped with the activity topics in the Science Course. Along with the compatible
science subjects with the activity astemperature, sun and rays, force, natural
disasters, environment and  pollution, other  subject  matters  such
as electricity, sound, distance formed the knowledge baseline of the activities for the
science field. Additionally, the knowledge of robotic pieces and the knowledge on
programming such as shapes of flowchart elements were the pre-requisites of the IT
field. While the existence of the requirements in these areas made the process easy

for the students, the absence of these prerequisites was a barrier to the activities.

In addition to the knowledge base in these fields, the required skills of working
collaboratively, programming, problem-solving, and use of stationery materials
were among the prerequisites that made the activity process difficult with their
deficiency. The lack of these skills was found to be an obstacle to the success of the
students on solving-problems during the activities. Therefore, the need of the pre-
knowledge and skills indicated that the low success level on both those knowledge
base courses and other courses (linguistic, art), and the necessary skills constituted

one of the predictors of the lack of readiness for the activities.
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The lack of readiness for the activities also appeared as the misconceptions about
previous learnings. Some of these misconceptions belonged to the knowledge base
in the fields mentioned above while some were related to the methods used. For
example, some students had misconceptions aboutthe subject of Science
Course (force and friction) or ITS Course (parts of robots) while some of the others
incorrectly filled the fishbone on the activity sheet during the activities. As a lack of
readiness, these misconceptions were tried to be eliminated with some modifications
made in the implementation process. As an instant modification, a visual material
that the students could access quickly was prepared during the first cycle. This
teaching aid consisted of an interactive slide show prepared for students to remind
them of the robot parts. It was observed that many students used this teaching aid
after its release, and several of them gave positive feedback about it.

The problem was instantly solved after this activity, but there were also several long-
term instructional modifications on the activities aimed at the prerequisites of the
activities. A reminder paper prepared for the robotic pieces, a video containing
examples showing the different uses of robot parts, and another one explaining the
construction of the robot were the visual materials utilized for the long-term
modifications of the activities. Additionally, the teacher provided a worked
example to remind the subject of filling the fishbone on the activity sheet and a
brainstorming activity to remind the natural disasters and disability groups to the
students before the activities. All these instructional modifications attempts could be

used to remove the deficiency of the prerequisites of the activities.

In addition to the students' readiness, the teacher's readiness also affected the
activity process during the implementation. The findings concerning the external
challenges on the teacher's readiness indicated that the problems developed suddenly
such as health problems, or case of not being sufficient in design affected the activity
process negatively. Moreover, preparing himself/herself for the activities was
crucial, according to the experts interviewed before the implementation of the
activities. These experts foresaw that the teacher needed to work hard to become

ready for activities.
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To sum up, the following prescriptions presented below are highly recommended

during the implementation of the activities for the readiness:

e The grade level of students is crucial for the implementation of the activities
properly. They should neither be too young with low cognitive levels nor in

the upper classes which have barriers such as exams for high schools.

e The schedule selected for the activities should be arranged, considering the
subjects of the Science Course used in the activities. The pre-requisites for
these subjects can be examined with a proper assessment method to
determine the readiness of the students.

e The prerequisites of the activities indicate the knowledge baseline from the
related fields of the activities. Some of the subjects in Science Course are
consistent with the topics (force, temperature, sun rays, natural disasters,
environment) employed for creating the activities. Furthermore, the subjects
of the ITS Course are identified as the knowledge of robot pieces, flowchart,
algorithm, and the editor. Removal of the deficiencies in these interrelated

subjects before the activities is very important for the activities.

e The subject of electricity, sound, distance are the prerequisite subjects that
are nonoverlapping prerequisites with the topics used for the creation of the
activities in science. Elimination of the deficiencies of students’ knowledge

of these subjects will help them during the activity process, too.

e The needed skills (working collaboratively, problem-solving, programming,
and design) are essential prerequisites of the activities, and the students

should acquire them before the activities.

e The misconceptions in previous learnings should be eliminated to reach at

sufficient prerequisites before the activities.

e The teaching aids on the most confusing topics (robotic pieces, construction
of the robot) and the methods such as working examples and brainstorming
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aiming at recalling the previous learnings (on filling the fishbone, the natural
disasters, and disability groups) should be utilized during the activities so that

the students can go on their activities more readily.

e The low success level of the student in related fields (science and IT) and
others (linguistic, art) is one of the predictors of the lack of readiness for the
activities. Special attention should be paid to the students who have low

success level in those fields throughout the implementation process.

e All elements that affect the readiness of the teacher should be removed before
the activities. Additionally, the extra workload for being ready to activities

must be accepted by the teacher in order to carry out the activities properly.
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The relations of the findings regarding the scaffolding in activities were presented in
Figure 4-26. According to these findings, one of the resources of the activities (also
equipment of the activities), the activity sheet, was used as a pathway for the students
to follow the problem-solving process. In fact, this sheet was containing the
instructions about the problem-solving steps and it was prepared by the researcher

and then checked by the experts before the implementation process. It had seven
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parts beginning with presenting the problem scenario and ending with the drawing
of the algorithm that would be uploaded to the robots later. However, an additional
part was put on it as a modification, which asked the students their choices on the
solution proposals and its details. Both before and after this modification, the activity
sheet, with its guidance on the ill-structured problem-solving process, was seen as
one of the activities' essential facilities. Beside its facilitative aspect, the activity
sheet was also found to be one of the entertainment sources during the activities. In
fact, several students reported that filling the parts on the activity sheet was
entertaining during the activity process. This entertainment was defined as one of the
activities' motivators. However, the expression of some others indicated
that unwillingness in duty that required the task of filling the activity sheet was one
of the reducers of the motivation level. Therefore, it is clear that some of the students
need to be motivated to use this scaffolding equipment (activity sheet) during the

implementation process of activities.

Another enabler of the activities, the guidance, scaffolded the students when they
tackled the challenges during almost all the phases of the activities. When the
guidance process in the activities was examined, it was seen that there were three
different sources of it in the activities. Two of these sources, the teacher and the
researcher, pointed out the same direction of the guidance. In this direction, the
instructors helped students, controlled their work, gave feedback about it,
and directed the activity process when it was requested by the students. The role of
teacher existed here as an active teaching method during the activities. With this
active role, the teacher guided the students by asking them questions about their
solutions and giving feedback to the students' questions in the process. However, the
level of instructors’ guidance decreased throughout the implementation process since
the students experienced and got accustomed to the activities from beginning to the
end.

As the third source, the students were also guided by the groupmates. The peer-
guidance was found to be one of the sources of scaffolding during the activities. This
guidance was mainly about the robots and the design issues in which the students
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had troubles during the activity process. The students got help from groupmates and

looked up others ideas on these issues.

The students' effective communication with each other and with the teacher during
and out of the activities were found interrelated with the guidance process. According
to this two-way interaction, communication during the activity process contributed
to the development of both the teacher’s and the students’ communication styles.
However, a result of the analysis of the current status indicated one of the
instructional threats of activities that some of the students would not share their ideas
with others if they got afraid of plagiarism. This could negatively affect the peer
guidance level in the learning environment. However, such a problem was not
encountered during the activities, based on the findings. This was a very pleasing

situation for the participated students.

Regardless of the source of guidance, when looking at the processes of finding
solutions to the problems faced by students, two solution strategies were employed
by the students as the use of scaffolding. Accordingly, the students utilized either
collaboration or consensus with others as a solution strategy to overcome the
problems encountered during the activities. These strategies were very important in
the emergence of guidance for the students. Therefore, the use of strategies should

be encouraged during the implementation of the activity process.

In conjunction with the findings' relations, the following prescriptions regarding the

scaffolding in activities are advised:

e A material that provides a pathway for the students on the steps of the

problem-solving process can ease the activity process.

e The guidance of the instructor for the students benefits from effective
communication. Therefore, being in good communication with the students
is necessary for the instructor who needs to actively guide them during the

activities.
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e The students should be encouraged to collaborate with the instructor and
groupmates to overcome the activities' challenges in order to use of guidance

of others effectively.

e Reaching consensus and collaboration are the key solution strategies for the
peer guidance in activities. Therefore, employment of these strategies should
be encouraged during the activities.
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Figure 4-27 The Relationships of the Findings on Collaboration in Activities

The activities were conducted as group working, which allowed the students to
collaborate with others, and resulted in several findings concerning this aspect of the
activities. The relations between these findings were indicated in Figure 4-27.
According to these findings, the expert suggestions before the activities directed the
activities’ organization asthe group works. Additionally, several educational
opportunities such as the structure of the classroom and the number of the students
were the findings of analysis of current status contributing to the decision to conduct
the activities collaboratively. These opportunities were also found to be the enablers

of the activities under the school facilities category for mainly the first cycle of the
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implementation. However, the classroom structure is not appropriate for group
work, and crowded class sizesin the second cycle were enough to turn this

opportunity into a challenge for the learning environment.

Another educational challenge was the noise problem highly related to interactions
of the group members and the groups during the collaboration in the activities. The
buzzer's voice, being over talker, and being novice in collaborative works were
identified as main reasons for this challenge. Continuous warnings were given to the
students during activities to overcome this problem. Besides, as a long-term
modification, this warning was put into activity prescriptions prepared for the
second cycle of the implementation. Another modification was made for the small
classroom size caused by the decrease in the students’ attendance. According to this
modification, group changes were made instantly in groups in which the students
did not attend to the remaining part of the activity. However, a complete solution to

this problem was not possible during the implementation process.

In contrast to these challenges, working in groups collaboratively was one of the
enablers of the activities. The cooperation between the students positively affected
the problem-solving process. However, several intragroup problems disrupted this
effect by preventing students from adopting their groups. These problems emerged
as the conflicts in groups, resentments between the group members, mobbing in
groups, negligence of division of labor, and the disengagement from the groups. In
order to minimize these problems, changes were made in the grouping method. A
systematic way was followed in forming the groups, and division of labor within the
groups was provided to make the collaboration in the activities better. As a result, the
creation of such issues as systematically functioned as a facilitator of the activities'

problem-solving process.

It was the result of another relationship with some solution strategies of the students
that emerged as a result of the working in groups during the activity time. According
to this finding, getting help from others as in the form of collaboration against the

challenges and reaching a consensus for the decisions were the students' strategies
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to solve the problems during the activities. The adoption of group works during the
activities was very important in the development of these strategies as well as other
contributions to the students. Among these contributions, the students improved their
collaboration and communication skills as soft skills by performing on group works

during the implementation of the activities.

As a conclusion, the following prescriptions presented in the following are highly
recommended for a collaborative learning environment during the implementation

of the activities:

e The structure of the classroom should be appropriate for the group works as
well as the number of students in the classroom. The number of students
either too high or too low will not be feasible for the group works in activities.

e The noise created in group work during the activities is one of the most
important challenges. In order to prevent this contextual problem, various
warnings can be announced, and a rule should be put into the prescriptions

of the activities.

e The intragroup problems (group conflicts, resentments, mobbing, negligence
of division of labor, disengagement from the group) should be minimized
during the activities. Forming the groups and performing the division of labor
in groups systematically can be used against these problems for a better

collaboration in activities.

e During the activities, several solution strategies (collaboration, consensus) of
the students for encountered troubles could emerge through the group works.
Therefore, in order to use these strategies sufficiently by students, the
collaborative group works must be supported during the implementation of

the activities.
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The relations of the findings indicating the learning outcomes and settings in
activities were given in Figure 4-28. According to this figure, the analysis of the
current status (ACS) results indicated that the activities could positively affect the
students' learning by improving learning, eliminating monotony, activating students,
and allowing them to practice. The learning improvement was found among the sub-
research question (2) findings as contributions to the learner. According to these
findings, the activities contributed to the students as learning outcomes on several
courses. Among these courses, the students obtained the ITS Course objectives on
specific topics such as the subject of the algorithm, programming, and problem-
solving during the activities. Moreover, the students recalled the previous learnings.
They got new information from the scenario or the video's content that introduced
the ill-structured problem statement to the students (for Science Course). The
learning outcomes in these courses and other courses (Linguistic, Art, Math) were
found to be closely related to the fields of the activities as the domain structures of

them.
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The domain of the activities, which was found as multidisciplinary, was also related
to the daily life context. The similarity of the ill-structured problems with everyday
problems constituted the majority of this relationship. In addition, the utilized
technology in activities such as robots, computers were among real-life technology.
Therefore, the participants thought that the activities were highly interrelated with
daily life. This close relation constituted one of the instructional features of the
activities. According to this characteristic, the transfer of activities to daily
life occurred easily. The students could utilize the activities in daily life individually
and/or help other people. Like these transfer areas, the others i.e, transfer to
professional life, education, or other projects, indicated that the learnings in
activities carried outside the activities. This finding overlapped with one of the
analysis of the current status results as the strength of the activities about the
cognitive aspect. According to this aspect, the activities got away the students from

just memorizing the topics and giving them the opportunity of practice.

As one of the instructional features, the practice in the activities allowed students to
apply their learnings to both ITS and Science Courses and to have better
understandings of the related subjects in those courses. Moreover, with active
participation in the activities, the students experienced active learning settings. In
those settings, the students utilized division of labor to perform on several tasks
(filling activity sheet, robotic, and design). According to this division method, the
students who took responsibility for one of these tasks also collaboratively
participated in other tasks. Furthermore, some of the students utilized the discovery
method to obtain the required information to do these tasks in collaborative learning

settings.

As a result of practice in these learning settings, the activities were found as
contributing learners in learning outcomes on the related fields (IT, science, others),
motivation, and skill development. Those contributed skills (soft, CT, ICT, and
design) and motivational contributions (interest, success feeling) indicated that the
activities could have a multifaceted effect on students' learnings. However, the

measurement of the impact of learning in such learning settings was not easy.
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One of the instructional features of the activities, credibility, might help in the
assessment of the learnings in activities. According to this feature, the activities
had general goals (problem-solving, developing product, use of educational robots)
and activity-based goals (upgrade robots, protect people, and protect the
environment). These general goals can shed light on the assessment process of the
activities. Additionally, the activities were found to be explainable. In this aspect, the
design-related explanations and technical explanations of the groups (for
classmates, the teacher, and the others) could be put into the activities' assessment
process. The evaluable tools utilized in the activities (activity sheets, peer evaluation

form) can also be utilized to the assessment of the learnings in activities.

The role of the teacher in the learning settings of the activities were mostly found
as being active. In this active role, the teacher was the source of information. He
used the presentation method to introduce and summarize the topics in some parts of
the activities. Additionally, he supported the students by controlling their work and
giving feedback to them and responding to their questions. In the remaining part of
the activities, the teacher only observed the students while they were progressing

through the problem-solving process.

The school facilities in the learning settings of the activities eased the students’
problem-solving process. One of those facilities was the number of students in the
activities. According to findings concerning the number of the students in activities,
the activities should have been conducted with the classroom not crowded a lot but
also with enough number of students to provide a collaborative learning
environment. Additionally, the number of equipment of the activities (robotic,
stationery, and auxiliary materials) should be determined according to the number of
the students since the distribution of these materials could be problematic in the
learning settings. In fact, one of the study's findings indicated that the distribution of
these materials randomly resulted in several logistic challenges in contrast to
delivery method based on the lot as one of the enablers of the activities. The other
resource problems could be about the durability of the robots. The breakdowns of

the robot’s pieces emerged as aneed for extra robot kits/pieces in the learning
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settings. An auxiliary material (soldering machine) can also be used to repair these
pieces immediately. Therefore, it should be getting ready in the learning
environment. The laboratory's infrastructure should be controlled and upgraded
before the activities since it can trigger several problems, such as the connection of

the robots to the computers.

Additionally, the administrative challenges for the activities affected the learning in
the activities negatively. The tasks that were given to the teacher simultaneously
during the activity time interrupted the activity process, and the researcher kept the
activities going during the implementation process. This may be more problematic
when the activities are conducted without a substitute. Moreover, a compulsory
student exchange took place in one of the implementation classes. The students who
attended the classroom had studied other programming subjects instead of the
programming of robots. The adaptation of these students was made by assigning
them to existing groups. However, several challenges about these students'
engagements with new groups were experienced in the remaining weeks of the
implementation. Therefore, it could be more appropriate to teach the students in all

class groups the same robot subjects in order to avoid this type of problem.

In conjunction with the relations of the findings, the following prescriptions

regarding the learning outcomes and settings in activities are advised:

e Since the activities were found to be highly multidisciplinary, several
features of their credibility can be used for the assessment of the outcomes.
The general goals and activity-based goals should be taken into consideration
while preparing the assessment of the activities. Besides, the activities were
found as explainable to others. Therefore, the assessment process can contain
the design-related explanations and technical explanations of the groups. The
activity sheets, reflection papers, and peer evaluation forms made ready

before the activities may also be utilized in the assessment process.

e The role of the teacher was found to be highly active in the learning

environment of the activities. Therefore, the activities may not be appropriate
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for self-learning environments. The activities are highly recommended to

conduct with the instructor.

The number of students in activities should be determined, considering
appropriateness for the collaborative learning environment. The number of
materials (robot Kits, stationery materials) should also be provided according

to the number of students.

For the distribution of equipment of the activities (robot kits, stationery
materials), a method based on the lot should be preferred rather than a random
distribution.

The durability of the robotic pieces is not very well. Therefore, extra robot
kits should be ready before the activities. Additionally, a soldering machine

can be utilized for the breakdowns of robots.

The infrastructure of the laboratory should be controlled for the technical

problems before the implementation of the activities.

The activities can be conducted with a substitute for the teacher in order to
continue with the hesitation of administrative tasks. If it not possible, these

tasks should be done before or after the activities by the teacher.

To be ready for the cases of the possible classroom changes, it should be
more appropriate to proceed with the same speed and with the same subjects

in the ITS Course for all classrooms.
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CHAPTER 5

DISCUSSION AND CONCLUSION

The aim of the study was to explore the design issues of collaborative problem-
solving activities involving ill-structured problems and using educational robots by
combining Information Technologies and Software (ITS), and Science Courses for
middle school students. In conjunction with this purpose, the main question, "How
should problem-solving activities for middle school students be designed to solve ill-
structured problems in science using Educational Robotics?" was addressed in the
course of the research. Specifically, three sub-questions of the study were
investigated in order to unveil the design fundamentals of ill-structured problem-
solving activities. These focused on arriving at a determination of the enablers and
challenges, the characteristics, and the guideline of such activities.

A formative research design was followed throughout the study. In the first part of
the research, the literature review and experts opinions guided the preparation of the
problem-solving activities that were developed in line with the content of ITS and
Science Courses. The objectives were chosen at the fifth grade level for both courses.
Subjects were associated with the problem-solving and programming unit for ITS
Course and related to physical events, creatures, and life units in the Science Course.
In the second part, the data were collected throughout two cycles of the
implementation in two different public schools. During these cycles, several changes
were made on the activities based on interviews with participants, researcher
observations, and video recordings. These modifications were identified as instant
and long-term modifications, since some of them applied immediately to the
following activities and others applied between the cycles respectively. In addition,
the research questions were investigated using data collected as opinions of the

teacher and students with semi-structured interviews, and students’ text-supported
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drawings, reflection papers, group activity sheets, and tests on subjects related to the

activities.

Key findings of the research were discussed in this section through the parts based
on research questions. These parts were, specifically: enablers, challenges,
characteristics, and the guideline for problem-solving activities in which ill-
structured problems in science were solved through the use of educational robots.
The findings related to each part were reported with the insights of the researcher
and the results of previous studies in the literature. Additionally, the research
conclusion was elaborated in line with the implications and suggestions for

stakeholders of the activities and for further studies at the end of the chapter.

5.1  Major Findings and Discussion

51.1 Primary Enablers of Problem Solving Activities

Learning and Instructional Enablers
Motivation

The motivation of students during the activities was identified as an important
enabler of the activities in which the students solve ill-structured problems with
educational robots. Several key factors for this enabler have been detected, including
entertainment, facilitative resources, satisfaction, and engagement. The distribution
of the data among the activities indicated that the majority of students reported
entertainment in activities at the beginning of the implementation processes in both
cycles. The novelty effect of the activities on the students could be the underlying
factor of this distribution since as indicated in the literature, the students usually
enjoyed activities more when they were dealing with something innovative and
challenging, which was seen as the best motivator in such learning environments
(Theodoropoulos et al., 2017). In addition, the first activity specifically required

students to imagine the scenario in which they needed to act as a robot engineer in a
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hypothetical robot factory. This imagination could also add more fun to this activity
because there was no such requirement for other activities formed with more realistic

and serious problem scenarios.

Regardless of whether or not the problem scenario was fun, according to most of the
participants, the overall activity was entertaining. This finding is consistent with the
findings of other studies investigating similar robotic activities. The students were
working in an entertaining learning environment in those activities (Atmatzidou &
Demetriadis, 2017; Giirkanli, 2018), which was fun and exciting (Scaradozzi et al.,
2019); therefore, such activities might be motivating for students in comparison to
paper-based activities (Gyebi, Hanheide, & Cielniak, 2017). Some student
participants, however, may find robotic tasks out of their areas of interests (Xenos et
al., 2017). Therefore, the entertaining aspect of the overall activity cannot be

considered the only motivating factor for the entire problem-solving process.

The participants in this study expressed that some phases of the activities
(specifically paper work, programming, and production) were entertaining during
the problem-solving process. Similarly, in other studies programming with robots
(Pasztor, Pap-szigeti, & Torok, 2013) or without them (Attaway, 2013) was
sufficient to make the subjects enjoyable. In addition, manipulation of the physical
objects in activities encouraged student learning through the entertaining learning
environment (Davison, Wijnen, van der Meij, Reidsma, & Evers, 2019). Although
the objects in that research referred to preparation (e.g., placing pots on balance) and
initialization of an experiment (e.g., removing wooden blocks from under the
balance), it can nonetheless help us to understand the level of entertainment in the
production phase of the current problem-solving activities, in which the students
used stationery materials to prepare their robots for the solution of ill-structured
problems. In addition, the filling of activity sheets, which primarily aimed to guide
students through the ill-structured problem-solving process, appeared to be an
effective way to motivate students by providing them entertainment during the

problem-solving activities.
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The facilitative resources often encouraged students to work on the problem-solving
process in the activities. For instance, some of the activities began with a video
introducing the problem statement at the beginning of the activities. The main
purpose of this video was to get the students’ attention to the ill-structured problem.
In fact, it was one of the steps of Gagne’s Nine Events of Instruction, one of the most
commonly used methods in educational settings to grab students’ attention on a
subject. According to the findings of the current study, the use of the introduction
video for the same purpose motivated students on the ill-structured problem-solving

activities.

In addition, the equipment of activities, such as computers, robots, and stationery
materials were other resources that motivated students during the activities. Among
these resources, the stationery materials were viewed as quite attractive by students.
In fact, the main goal of several students was to complete the previous phases of the
activities quickly in order to use these stationery materials as soon as possible.
Additionally, technical equipment such as computers and robots were also appealing
for the students. Several studies in the literature indicated that the use of robots
enhanced students’ motivation during their learning (Agatolio, Pivetti, Di Battista,
Menegatti, & Moro, 2017; Kubilinskiene, Zilinskiene, Dagiene, & Sinkevicius,
2017; Stergiopoulou, Karatrantou, & Panagiotakopoulos, 2017) as they provide
entertainment (Mubin, Stevens, Shahid, Mahmud, & Dong, 2013a) due to their
functionality (Chetty, 2017), and because of the editor used to program them
(Blankenship, 2014). However, participants in the current study did not explicitly
define the programming editor, Idea, as one of the motivators of ill-structured

problem-solving activities.

There were also several indicators of student satisfaction in the problem-solving
activities of the current study. The findings indicated that the students were
motivated by these satisfying sources, which were specifically identified as working
with groups, developing a solution or product, and getting a certificate at the end of
the implementation process. In detail, most of the group members were very pleased
to work together to solve an ill-structured problem during the activities. Therefore,
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one of the motivators of the learning environment might be the collaborative nature
of the activities as indicated in another study by Theodoropoulos et al. (2017).
Following this collaborative work, the majority of groups developed a solution with
a product at the end of the problem-solving process. The resolution of the problem
or/and the product development as the solution could therefore be the source of
satisfaction during the activities. According to Balogh and Petrovi¢ (2020), the most
satisfying aspect of the activities was the efforts of the students and the quality of the
solutions in the process. As a result of this effort, the problem solver met a need with
the functional perspective of robots in such activities (Slangen et al., 2011).
Therefore, the physical representation of the effort became tangible and satisfactory
for the learner (Geist, 2016). Iterative design process used to achieve this tangible
result provided the students a gradual way to satisfy their building curiosity (A.
Sullivan, Strawhacker, & Bers, 2017) and they became motivated at the end of the
activity since they could see the results of the effort immediately in the learning
process (Theodoropoulos et al., 2017). However, the resources of the activities
should be carefully identified since the inadequacy of these resources could not be
sufficient to satisfy the students' imagination in their designs, as expressed by Uggiil
(2012).

When the resources of the activities met the students’ needs, they tended to be very
active in intensive group works, which encompassed an engagement into the
problem-solving process during the activities. The students’ engagement into the
problem-solving process was identified as one of the motivational enablers of the
activities. One of the indicators of this commitment was that the majority of the
students did not prefer to go out at the break time during the activities and instead
wished to participate in further activities. Like these activities, the overall activity
process was reported as engaging for the student participants by Stergiopoulou et al.,
(2017) and Gyebi et al., (2017), and the teachers (Theodoropoulos et al., 2017) in
learning environments. In addition, even though the learning environment was based
on a cooperative, rather than competitive setting in the current study, several groups

wanted to do better than others during the activities. Some of the further explanations
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concerning this wish indicated that there was a secret competition between the
groups. This result coincided with the findings of other studies that conducted robotic
activities in competitive learning environments. According to these studies’ results,
the spirit of competition in tournament or races provided an engagement for the
students in robotic activities (Uggiil, 2012) and encouraged them to overcome the

challenges in the learning environment (Atmatzidou & Demetriadis, 2017).
Guidance

Guidance is one of the requirements of problem-based robotic activities in order for
the participants to complete all steps in the problem-solving process (Leoste &
Heidmets, 2020) with detailed instructions on how to perform these steps for
effective learning (Atmatzidou & Demetriadis, 2017) or little help in modeling or
coaching to help them how to be self-directed (Ma & Williams, 2013). This
requirement has been identified as one of the enablers of the activities in the current
study. The findings indicated the sources of the guidance as the teacher, the
researcher, and peers during the problem-solving activities. Similarly, the sources
of assistance were listed as the teachers, classmates, and robots in another study.
Accordingly, indirect guidance was provided by the longitudinal support of the
teacher, while classmates provided direct guidance, including immediate solutions
to barriers in the process in this study. In addition, the functions of the robots allowed
students to hear instructions repeatedly during the implementation process (Chiang,
Zheng, Cheng, & Chen, 2020). Apart from this guidance taken from robots, other
types of assistance were consistent with the findings of the current study.

According to the findings of the current study, the teacher’s guidance was mostly in
the form of controlling work, helping students and directing the problem-solving
process. It was clear that most of this assistance was provided via indirect
scaffolding. However, it was also reported that the teacher was sometimes directly
involved in the problem-solving process to remind the students of certain topics such
as the explanation of the robotic parts or programming issues. These findings were

consistent with the findings in the literature. According to Uggiil (2012), the
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programming and combination of robotic pieces were the most struggling phases of
the robotic activities. Therefore, the guidance of the instructor was very important
for these tasks. The programming problems could be removed by debugging as a
type of teacher guidance in these phases (Giirkanli, 2018). The students who were
guided with this strategy would learn to manage locating and solving errors by
themselves later and this gave them great pleasure (Atmatzidou & Demetriadis,
2017). Therefore, they got good programming practice with clear guidance including
relevant feedback that would make sense for them in the process of the activity

(Kazimoglu, Kiernan, Bacon, & MacKinnon, 2012).

Students who identified the activity process as struggling might gradually succeed
in the activities with some inspired guidance from the teacher (Catlin, 2017) as some
of the instructor’s guidance was intended to direct the process of the activities. One
of the examples for this directive guidance was the assistance of the instructor with
regard to problem-solving steps. In a number of studies, the need of instructor
assistance in the problem-solving process was reported many times on the correct
choice of steps to solve the problem (Chen, 2010; Angeli et al., 2016), or finding a
specific way to solve an ill-structured problem (Bellas, Salgado, Blanco, & Duro,
2019). The reason behind the need for guidance in the ill-structured problem-solving
process was expressed by Ma and Williams (2013) as “children who have limited
experience in robotics and nonroutine problem solving would quickly lose interest
and focus if support is not readily available” (p.26). Therefore, they needed to
develop problem-solving skills gradually with an external support (Angeli et al.,
2016). This may explain the difference in frequency distribution of the data in the
current study, since the teacher’s guidance was expressed mostly during the first
activity interviews and decreased throughout the implementation process of the

problem-solving activities in both cycles.

Another remarkable finding of the current study indicated that guidance from neither
the researcher nor peer was reported as frequently as the guidance provided by the
teacher during the implementation process in both cycles. In addition, the frequency

of student descriptions relating to the guidance of the researcher gradually increased
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throughout the activities in the second cycle, as opposed to the guidance of the
teacher. The reason might be that the student participants did not know the researcher
well at the beginning of the implementation process and avoided asking him
questions, even though the researcher and the teacher were equally responsible for
the guidance during the activities. Similarly, peer guidance was not reported by the
participants during some of the interviews. However, it was observed that the
students asked for help from their group mates several times during the problem-
solving process. In the interviews, they expressed this help as the exchange of ideas
about robots and design issues, which was quite compatible with the findings of
another research study. According to Hong, Yu and Chen (2011), opportunities for
new actions might be explored under peer guidance. However, peer guidance did not
always provide clear advice. It existed mostly as a means of sharing of information
with others. In the current study, this sharing had a positive impact on the activity
process, since students solved lots of group problems themselves through this

guidance during the implementation of problem-solving activities.
High Level of Readiness

A high level of readiness, characterized by the adequacy of pre-requisites and
previous instruction, enabled the activities. The importance of pre-requisites for the
activities was reported by the participants as impacting knowledge on subjects in the
Science Course (temperature, sun rays, force, natural disasters, environment,
pollution, electricity, sound, and distance) and ITS course (the knowledge of robot
pieces, the knowledge of flowchart, and algorithm). According to the findings of
another study, comprehensive prior knowledge on the subjects of the activity,
specifically well-developed domain knowledge and understandings, was needed for
a high level of readiness (Gibbon, 2007), which was a primary requirement for
solving ill-structured problems (Shin et al., 2003). Prior knowledge should therefore
already have been taught to the students before the activities (Ching et al., 2019) or
tools should be put in place to provide information on pre-requisite subjects during
the activities, otherwise students are not able to develop a better solution for the
problem (Kazimoglu et al., 2012). In the current study, an example of these tools was
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added to the activity process as an instant modification after students had asked too
many questions about robot pieces. An interactive slide show was prepared to
introduce to the students sensors and activators of the robot and their functions. This
slide was then kept open on the smart board throughout the activity process. After
its release, it was observed that students who did not know these pieces or who forgot

them for a moment tended to use this tool while they were solving the problem.

In addition to prior knowledge, several pre-requisite skills emerged as factors
affecting student readiness for the activities. In detail, problem-solving, working
collaboratively, and using or programming robots were required skills during the ill-
structured problem activity process. It was noted by the participants that the students
who were good at these skills completed the activity process successfully during the
implementation process. Notably, related research identified some of these skills as
essential skills for such activities. According to Dwivedi and Dwivedi (2017),
students needed to gain some insight into the use of variables and mathematical
operations to experience all the functionality of the robots in activities. Without the
requisite expertise in the disposal, designing, and construction of a robot, performing
the task could be very challenging and time-consuming for students (Chalmers &
Nason, 2017), or result in a failure to follow the scientific inquiry process during the
activities (Williams et al., 2007).

The remaining learning and instructional enablers of the activities spoke to the
superiority of working collaboratively with group members as opposed to working
alone during the problem-solving process. The method for forming these groups
eased the implementation process of the activities, as well as the division of labor in
the groups. Additionally, the students’ solution strategies for the challenges faced
during the activities were the important enablers of the activities. Among them, trial-
error was mostly used for technical challenges in the programming and production
phases of the activities. The students foresaw the result of their solution using the
imagination strategy, described in the results section. In addition, they also sought to
make sense of the problem statement using the same strategy. Collaboration was
applied to get help from others and consensus was used to find the most appropriate
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solution offer of the group members. In some of these solution strategies, they used
another activity enabler, effective communication. Effective communication,
emerging through friendships throughout the classroom, was observed as out-of-
activity communication. Lastly, the essence of the activities such as time (sufficiency
of time and the schedule) and the problem scenario (comprehensibility and relation
with the context) enabled the problem-solving process during the implementation of

the activities.
Facilities

According to the findings of the current study, facilities — defined as utilization of
resources and school facilities — were the key enablers of the problem-solving
activities. As stated by Khanlari (2016), the school administrations should
particularly provide the following resources in order to improve the instructional use

of robotics in the classrooms:
e Technical support,
e Instructional documents,
e Tools and software packages,
e Training.

The resources had a positive effect on the progress of problem-solving activities
when used appropriately. In detail, the technological resources in activities such as
the proper infrastructure of laboratory and well-equipped robots seemed to facilitate
the activities. Computers were the most striking components of the laboratory, since
a number of issues, such as problems with robot connections or reducing the time
spent by students during programming, depended on these tools. Therefore, the well-
being of the laboratory infrastructure, as indicated by Theodoropoulos et al. (2017)
and Sergeyev (2017), was important for the proper functioning of the problem-
solving activities as well as available laboratories in the school (Gyebi et al., 2017).

The laboratory used in the current study was open to students beyond the duration of
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activities. However, only a couple of them came to the laboratory and were interested

in computers rather than their problem-solving activities in these free times.

According to Sullivan et al. (2017), the physical space of the learning environment
where students engage with new technology through collaboration and
communication with others should be arranged using the available resources. As
stated in this study, the first phase of the activities was carried out in the library of
the school in the second cycle of the implementation, since the layout of the
laboratory was not suitable for the group work foreseen for the second cycle. The
teacher consulted with the administration to ensure that the library could be included
in the activities, and the layout in the library was made suitable for group works
before the activities. The availability of an additional place appropriate for group
works at the school made a positive contribution to the implementation process in
this cycle. On the other hand, the layout of the laboratory was more appropriate for
carrying out the activities in the first cycle. Additionally, the layout of the activity
learning environment was important for the number of the students in the classroom.
The number of students should be sufficient to ensure collaboration during the
activities but it should not be more crowded, which makes the management of the

problem-solving process more difficult.

The robots were the other technical tools in the learning environment of the problem-
solving activities. The students were able to give concrete expression to their
solutions during the activities by redesigning these tools. For example, a group
designed their robot as a refreshing hat that could be used in hot weather. Therefore,
these tools facilitated the ill-structured problem-solving process in the current study
with their flexible structure. However, not all robot kits on the market offer these
opportunities to students. These packages, which come with ready-made robots, an
inherent lock-in mechanism and closed hardware or software, do not give learners
the flexibility to assemble them in their own way (Alimisis, Alimisi, Loukatos, &
Zoulias, 2019). Additionally, the number of such tools was also crucial for the
problem-solving activities, because the number of the groups can highly exceed the
robot kits that are provided. Therefore, the ratio of the number of the robot kits and
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the participants should be planned accordingly before the activities (Theodosi &
Deli, 2017). In the current study, the number of kits was determined according to the
number of groups in both cycles. This arrangement therefore allowed the
implementation process to move forward without any problem about the number of
the robot Kits.

The variety of materials and resources needed for the activities was not limited to
technical resources. Teaching aids such as informative videos and images could be
used to give details to the students about the use of tools and techniques, as well as
printed materials such as paper-based sketches, worksheets, and printouts (Alimisis
et al., 2019). In the current study, an activity sheet was used to provide students a
pathway for the ill-structured problem-solving process in both cycles. Other paper-
based materials, an activity rules sheet and a reminder worksheet for the robot pieces,
were used in the second cycle. In fact, the reminder of robot pieces emerged as a
necessity in the first cycle and an interactive slideshow was prepared as a teaching
aid to remind students of the robot pieces. The reason for the use of printed material
instead of this tool in the second cycle was the absence of smart boards in the school

where the second cycle was carried out, as opposed to the first cycle.

Additionally, design tools such as scissors, glue, silicon, and so on have traditionally
been used to hand-make works in such activities (Alimisis et al., 2019). These tools
were identified as stationery materials in the current study and were utilized in the
production phase of the activities to ease the problem-solving process of the students.
Specifically they became an enabler of the problem-solving process by providing a
simulation of the problem statement or by becoming a part of the solution during the
problem-solving process. In addition, the method of delivery of these materials to
students was another enabling factor. Specifically, a lot-based strategy for
distribution of these stationery materials had a positive impact on the process of

problem-solving activities.
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51.2 Primary Challenges of the Robotic Problem Solving Activities

Instructional Challenges
Group Work Problems

While working with a group typically encouraged problem-solving in the
collaborative learning settings, the problems faced in groups or among groups could
suffice to expose the challenging aspect of this approach during the activity process.
These situations existed as group conflict and disengagement from the groups during
the implementation process, according to the findings. These group problems were
mostly reported by the participants during the interviews in the first activities, and
the frequency of their expressions specifically on intragroup issues gradually
decreased towards the final activities. The potential reason for this uneven
distribution and its declining trend towards the end could be explained by the
students' familiarization with the collaborative problem-solving process. In addition
to the reduction in problems as a result of this familiarization, it was also thought
that the students may have developed their methods of dealing with these problems.
Some of the solution strategies, such as consensus and collaboration, differ from
others in that they were collaborative strategies and provided us insights about how
the students used them in the process to overcome challenging issues in group

dynamics.

Group conflicts usually resulted in resentment, negligence of a division of labor, and
mobbing among members during the implementation process. The mobbing among
members was specifically revealed in the reflection papers, activity drawings, and
evaluation forms of the students filled out at the end of the activities. The common
feature of these three data sources was that they asked students to examine their
interactions with others in the group. In addition, the students brought these forms to
the researcher in sealed envelopes so that they were sure that they would not be seen
by other friends. This result, reflecting the mobbing in groups, arrived at using only
these data sources and with no supporting results in the literature, revealed the
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importance of these forms in which students could express themselves more
comfortably in order to discover undesirable interactions in the collaborative

learning environments.

In contrast to mobbing, other group conflicts in the current study were consistent
with the findings in the literature. Lee, Huh, and Reigeluth (2015) generally
experienced three types of group conflicts in their research design. One of them was
the task conflict defined as knowledge-building negotiations of group members,
which had a positive effect on students’ learning. On the other hand, the relation
conflicts based on individual attributes and feelings of the members about other
members influenced the level of learning negatively (As cited in Grant & Tamim,
2019). Additionally, it was natural to have a negative influence of patterns of
involvement that were more equal when solving ill-structured tasks than structured
ones. These inequities might reduce the quality of discussions in groups and group
performance in collaborative learning environments (Kapur & Kinzer, 2007). As a
result, there would be group members who wanted to simply do more and members
who were not interested in what other members were doing. Therefore, task sharing
and the division of labor in such collaborative environments should be encouraged
as expressed by Ucgiil (2012). In fact, task sharing and division of labor arose
spontaneously in the first cycle of implementation in the current study. In contrast to
the first cycle, however, it was provided in a systematic way in the second cycle.
However, the negligence of the division of labor still existed during the activities in
both practices. Therefore, the procedure used for task sharing and division of the
labor in this study might need to be upgraded to provide a fully collaborative working

environment for the students during the problem-solving process.

As aresult of disagreements or other problems, some of the group members appeared
to be leaving their groups. This disengagement from group was another challenging
factor of the group work component of the current activities. The students leaving
the groups were interested in other groups’ work or stationery materials in the
classroom. The teacher and the researcher made great efforts to get these students
back into their groups but it was not always possible to achieve a complete solution

348



for this problem. Peer pressure might be the reason for this impossibility. According
to Fonteijn and Dolmans (2019), peer pressure on conformity would discourage
opposition, reduce the benefits of diversity and could lead to polarization of the
group. In addition, the differences between the members of the group could give rise
to temporary group conflicts. It could therefore be difficult for group members to
reach an agreement. In such cases, students need support on how to explain their
reasons, how to be open-minded, and how to compromise when necessary (Ma &
Williams, 2013) in collaborative problem-solving processes.

In addition to intragroup problems, some of the students had challenges with other
groups during the activity time. These intergroup issues were about the competitive
interactions in which the students felt in a state of comparison with other groups. In
fact, it was a surprising result since all the current activities are based on
collaborative — and not competitive — instructional approaches, which were mostly
seen in extracurricular activities. According to this challenge, some of the students
were exposed to this feeling since they thought they fell back from others during the
problem-solving process. They therefore demoralized very quickly and experienced
a lack of willingness to continue the activity process. In another study, this
competitive environment between the groups was perceived by some of the students
as discouraging since the other teams could see their fare during the activity process,
while others thought that they were more motivated by ranking in a competitive
environment (Zhang & Fang, 2019). This positive effect did not appear in the current
study. On the other hand, the limited time of the activities might be the underlying
reason for these challenging competitive interactions. The fact that some groups
finished their work earlier in the phases of the activity might have lead other groups

to the perception that they could not catch up with others.
Lack of Readiness

The importance of prior knowledge and possession of the required skills for the
activities was discussed among the enablers of the problem-solving activities.

Additionally, the deficiency of these issues was identified as a challenge in the
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findings. According to findings on the pre-requisite deficiency, a student who did
not have enough prior knowledge or/and required skill level may experience several
problems during the problem solving process. In addition to prior knowledge on the
relevant subjects of the activities, some of these problems resulted from the
knowledge base on the subjects developed over the previous years. For instance, the
activities could not begin immediately during the implementation of the second
cycle, since the teacher had to teach several subjects that had been missing from the
previous year. This demonstrated the negative effects of the deficiencies of the
previous year’s knowledge on students’ problem-solving process during the

activities.

The lack of required skills — such as problem-solving, working collaboratively,
programming, and use of stationery materials — made the activity process
challenging. These findings of the current study were consistent with other research
in the literature. According to Ma and Williams (2013), the absence of strategies to
deal with an ill-structured problem was one of the biggest challenges for students.
Additionally, students’ lack of planning on how to build robots and use attachments
on them resulted in difficulties about the design of robots. Previous experience
therefore became crucial for students to manage their skills and overcome the
barriers for meaningful learning in the activities (Giirkanli, 2018).

Skill development is highly related to the age of the children. As such, the ages of
the participants were discussed here in terms of the required skills of the problem-
solving activities. A longitudinal research (length 6 years) on the use of robots in
school settings indicated one of the underlying reasons for its success was the
diversity of the student population (Karp & Maloney, 2013). Another report
attributed the rationale of this success to the manufacturer's production of robotic
kits for different age groups (Yang, Liu, & Chen, 2020). However, according to
McNerney (2004), most students in elementary schools were not ready to program
robots in the traditional manner which refers to typing codes into computers until 10-
14 years old. In the current study, the students used only visual algorithm elements
to program their robots instead of coding them with programming scripts.
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Additionally, their ages ranged from 10 to 12 years old, which is a proper age range
for visual programming. Therefore, the lack of skills needed for programming robots
cannot be linked to the age of the student participants. However, some of the
remaining skill deficiency, in particular the use of stationery materials (in design)
might be related to the development of the students’ hand skills. In fact, they were
not able to use some of the operative stationery materials such as a utility knife during
the activities and they needed to get help from the teacher or researcher while using
these materials. More courses and activities to develop such skills should therefore

be included in the curriculum of elementary schools.

The readiness of the students was also linked to misconceptions on the subject of
corresponding courses (ITS and Science). In detail, the students typically had
misconceptions about the programming subject in the ITS Course and the subject of
friction force in the Science Course during the problem-solving activities.
Additionally, the fishbone branches in the activity sheet could erroneously be filled
in with the results of problems instead of causes by some students. The distribution
of the data among the activities indicated that these misconceptions were only
reported by the participants during the interviews of the first two activities. This
might be an indicator that misconceptions could be remedied by students’ experience
during the implementation process. As indicated in another study, working with
groups in a collaborative environment was more productive than individuals to
generate ideas and insights, and more effective in terms of confronting and
discussing the misconceptions (Kapur & Kinzer, 2007). The collaborative solution
strategies used by students in the current study could be used for the elimination of
the misconceptions during the problem-solving process. However, it might be
important to fix them before the implementation for a smooth activity process in

which the students solved ill-structured problems with educational robots.

Misconceptions as a challenging factor for similar activities were identified in other
research. Panayiotou and Eteokleous-Grigoriou (2017) reported the common
misconceptions of fifth grade students on the subject of light as an obstacle to
achieving the objectives of the subject. According to Papadakis and Orfanakis
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(2017), novice programmers frequently experienced confusions involving topics
such as basic programming terms and other programming constructs (Veselovska &
Mayerova, 2017). However, students were able to overcome these misconceptions
as they built self-awareness by researching and transferring their ideas to solving
problems with each other in a learning environment that encourages professional
development (Hong et al., 2011). In another way, preparatory exercises aimed at
training learners for robotic education could be used to discuss misconceptions
(Komisetal., 2017). Therefore, students could progress without experiencing failure
caused by misconceptions and the lack of integration of pre-knowledge into the

learning experience (Chen, 2010).

Additionally, low success level had a detrimental effect on the problem-solving
process. The students who had a low success level in related courses (ITS, Science)
and other courses (Linguistic, Art) performed less than others during the activities.
This underlined the multidisciplinary structure of the activities in close relationship
with both relevant courses and others. The positive side of this structure was that the
activities could be used to build an educational atmosphere in which expertise and
abilities come from a wide variety of fields. However, the pre-requisites from these
fields should be taken into account carefully and the deficiency in these fields should
be fixed before the ill-structured problem-solving activities.

Time

The duration and the schedule of the activities were considered challenging factors,
according to the findings. Students who did not finish their work at the end of the
activity often complained about the inadequacy of the duration of the activities. The
problem was mostly faced at the beginning of the implementation process, when the
student did not have enough time management experience with the activities. On the
other hand, the schedule of the activities was described as an obstacle for the later
activities of the implementation. In detail, the students complained about the
schedule of the activities since they lasted during Ramadan, when some of the

students were fasting. This shows the importance of cultural elements such as
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Ramadan for the process of the activities. Apart from this general cultural element,
there was a decrease in attendance of the students towards the end of the semester.
This was a general situation in which the students began to participate less in all
courses but accordingly in the activities towards the end of the semester.

The problems with the schedule of the activities were unique challenges for the
implementation of the current study. However, the problems concerning the duration
of the activities were reported by several researchers in the literature. According to
Ma and Williams (2013), iterative processes in the activities that were required to be
completed within a short period of time pushed the student participants to work under
pressure. As a result, time constraints became the greatest challenge of activities with
a heavy workload (Mindetbay, Bokhove, & Woollard, 2019) for the students. The
workload within the time constraints of robotic activities could be reduced by using
robotic tools that are easy to use and learn (Giirkanli, 2018). In addition, the
workload might mostly relate to problem-solving itself since the students generally
needed a longer period of time to solve ill-defined problems. As indicated in other
studies, most of the time was spent on reflecting on options for solutions, the
selection of these solutions during problem-solving (Chetty, 2015a), and errors in
the process (Shim, Kwon, & Lee, 2017). The use of the trial-error strategy to
overcome programming errors on the robot was also another time-consuming aspect
of the activities (Mosley & Kline, 2004) as well as the design of the robots (Ching et
al., 2019) at the end of the activities.

In addition to being a challenging component of the activities for the students, the
time-consuming nature of the activities was also difficult for the instructors,
according to the literature. For instance, technical support from outside the learning
environment was typically not available due to time constraints. Additionally,
working alone was not sufficient to overcome the technical problems and led to
pressure for the instructors during such activities (Leoste & Heidmets, 2020). In the
current study, the researchers were highly involved in the activities and helped the

instructor with both technical and other difficulties. As a result, there was no issue
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with the length of the activities that influenced the instructor during the

implementation process of the problem-solving activities.

The other learning and instructional challenges of the activities were goal
orientation, lack of motivation, and external challenges, according to the findings.
In detail, some students appeared to lose their focus in two ways during the activities.
In one of these ways, the distracting nature of the stationery materials expanded the
students’ interest from the focus of the activities. These materials should therefore
be carefully chosen before the activities, and their distribution should be arranged
based on a lot method at the beginning of the design phase of the activities. In
contrast to expanding shifts, the absence of turning back during the activities, and
existence of solutions close to the attention of the students narrowed their focus
during the problem-solving process. In fact, some algorithms on the activity sheets
which students drew at the beginning of the activity were different from the
algorithms on the robots as a result of the solution. It could be an indicator of the
activities that were sufficiently flexible to return to other phases. However, some
students were unable to experience this flexibility. Often, because of the time
consuming aspect of the activities, they could not turn back during the problem-

solving process.

Other obstacles to the activities concerned the motivation of students during the
implementation process. Emotional routers including the prejudgment that the
solution would not be used in reality affected students' motivation negatively. In
addition, some of the students were not willing to perform their tasks, which were
organized on the basis of the division of labor into groups for the same reason. The
lack of motivation for these issues indicated that special attention needs to be paid to
the use of the students' solutions for the ill-structured problems. With an exhibition
held at school, students can share their solutions with other students, managers and
even robotic industry experts. This might help students see that what they do is
important and boost their motivation toward completion of the activities. Moreover,
some students expressed an emotional effect at the introduction video and the

scenario of the activities. It did not preclude them from finding solutions in those
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activities, but showed that we need to be very careful about the quality of the videos

and the scenarios chosen.

The external challenges of the activities were mostly related to the administrative
issues of the schools. The extra tasks of the administration might prevent the teacher
from carrying out the activities. In the current study, the researcher continued the
remaining part of the activity instead of the teacher, who left the classroom for about
ten or fifteen minutes for these administrative issues. Under normal circumstances,
however, this could lead a variety of problems. Another administrative challenge for
the activities was an obligatory student exchange between classes. This change
brought several problems such as the students of the other class were not trained
enough to perform in the activities and the groups were dispersed because of the
exchange. These types of problems underlined the need for a flexible schedule of
activities. This flexible program might be used against external challenges that arise

during the activities so they could be postponed for some time.
Logistic Challenges
Resource Problems

In addition to the learning and instructional challenges, the activities have faced
various logistical challenges during the implementation process. Among these
challenges, the problems about the resources were related to stationery materials,
robots, and the infrastructure of the laboratory. Similarly, Jedrinovi¢, Ferk Savec
and Rugelj (2018) identified technical and material based problems as one of the
main barriers of the integration of ICT into the learning process of the students. In a
narrower context, the lack of resources resulted in an imbalance in the number of
groups and resources such as robots, which was a major challenge in the
implementation of robotic activities (Theodosi & Deli, 2017). In the current research,
such problems were not experienced since the implementation processes in both
cycles began with enough robot kits. However, additional robot pieces were reported
to be kept ready in the environment due to the damaged components of the robots.

The problems with the damaged robot parts were discussed below.
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Breakdown of the robots’ pieces was an important problem during the problem-
solving activities. Most of the disruptions occurred with the wires of the robot Kits.
In detail, when students were mounting their robots at the beginning of the activities.
These wires were specifically those attaching the wheels to the mainboard. Since no
additional kits were available in the activity environment, these parts were fixed with
a soldering machine, but this procedure caused quite a waste of time and the students
who encountered this problem were demoralized during the activity process. This
finding was consistent with the findings of the literature. According to Giirkanlt
(2018), unsuccessful behaviors such as being hasty to connect wires and short-
circuits due to lack of attention to connecting points demoralized students in practice.
Therefore, false wiring while using the microcontrollers on the robots was one of the
commonly faced challenges in robotic learning environments. Additionally, the
students were often dealing with the robots’ inconsistency in performance since the
set-up, power level, and battery level of robots changes from day to day (Ma &
Williams, 2013). This indicated the value of the consistent performance of robot kits
in activity environments. The consistency of robot kits was also important for the
students in the current study. During new activities, they often wanted to work on

robot Kkits they were familiar with from previous activities.

Infrastructural problems were also among the logistic challenges of the activities. In
detail, the problems of connection between robots and computers were addressed
during the implementation of the second cycle. According to the findings, these
problems were articulated only by the instructor, but the researcher also observed
them several times during the activities in second cycle. The explanation behind the
presence of this issue for only the second cycle was that the laboratory infrastructure
in this cycle consisted of computers with different hardware because of economic
grounds as opposed to the laboratory in the first cycle. Due to the variety of hardware,
some computers were only able to be attached to certain robot kits in the laboratory.
The problem was therefore resolved in this laboratory by distributing the same robot

kit to each student group in all activities. This challenge emphasized the importance
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of the consistent infrastructure of the learning environment for activities in which the

students solved ill-structured problems using educational robots.

In addition to these technical challenges, the problems relating to stationery
materials emerged as another major resource challenge in the current study. The
distribution of these materials at random was the main part of the problem. This
problem was then resolved by a lot-based method of distribution. In addition, the
students used these materials to design their solutions, but all of them had to be
available in the classroom during the previous phases of their activities. Accordingly,
students were able to examine these materials even in the previous phases in which
they had started to solve ill-structured problem. In contrast to this finding, Giirkanl
(2018) suggested that the learning environment of robotic activities should contain
only robotic construction materials to help educators to keep the environment in
order. However, this recommendation was not applicable to activities in which ill-
structured problems are solved, since it might prevent students from freely producing

solutions to those problems.
Learning Environment

Working collaboratively as an experience in problem-solving activities was a
novelty for students in the current study. Specifically, this experience provided them
the opportunity to solve problems in groups, to collaborate and discuss with group
mates, and to walk around and communicate with other groups. The construction and
maintenance of such flexible learning environments brought several environmental
challenges. For example, the noise level was very high during the activities.
Although several precautions have been taken, such as the related activity rule, or
warnings to overtalkative students in the activities, the noise problem was not fully
resolved during the implementation process. However, the distribution of data on
this issue showed that the complaints about this problem were more common during

the initial activities and reduced throughout the implementation process.

In addition to student noise, the main tools of the activities (robots) were creating

sounds by bumping into other robots and objects during the activities. The noise level
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in the classroom might therefore be very high and it was very difficult for the
instructors to calm down, according to Chetty (2017). This expression coincided with
one of the findings of the current study. According to the students in the current
study, the voice of the buzzer on the robot was very high and annoying for them. This
finding showed us an issue that addresses the production of educational robots. Using
quieter products in their production might make their use easy by reducing the noise
level of the learning environment. A similar permanent source of noise was described
as computer fans and an air conditioner which can generate a constant background
voice in the learning environment of the activities by Connell, Edwards, Hramiak,
Rhoades and Stanley (2015). However, these sources were not identified in the

current study.

Additionally, the classroom structure might be inappropriate for problem-solving
activities as in the second cycle of the current study. The general layouts of computer
laboratories were introduced as “around the edge of the room, against the wall, across
the room in rows, islands and mobile equipment” by Connell and Edwards (2014,
p.64). In the first cycle of the implementation of the current study, the design of the
laboratory was an “island,” and collaborative work of the groups was conducted
smoothly in this suitable learning environment. However, when it was another one
"in a row across the room" as in the second cycle, some groups could not sufficiently
coalesce during the problem-solving process. The first phases of the activities was
therefore conducted in the school library, which was a more suitable environment.
However, the activities were not continued in this suitable environment for the
remaining phases since there was a need to access the computers in the laboratory in

order to program the robots during them.

The high number of the students in the classroom and the violation of the rules were
other challenges to the activities associated with only one class of implementation in
the second cycle. This class, which consisted of only male students, was more
crowded than any other class of practice. In addition, the students in this crowded
environment tended to break the rules of the activity that were introduced at the

beginning of implementation. As stated in another study by Sisman, Kucuk and
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Yaman (2020), crowded classrooms might not be very convenient for the effective
implementation of robotic activities. When it was crowded and the number of
instructors was not sufficient, it caused problems in the classroom where the

instructors could not interfere with any unwanted situation on time (Uggiil, 2012).

5.1.3 Primary Characteristics of the Robotic Problem Solving Activities

Structural Characteristics
Complexity

Attempts to achieve the best learning outcomes with a combination of various
technologies could increase the complexity of the learning environments (Mogos et
al., 2018). However, an optimum level of complexity in activities was indicated as
one of the requirements for students to establish and maintain a shared understanding
(Kamga et al., 2017). The complexity of tasks and students’ mental development
should be correlated in order to reach this optimum level (Felicia & Sharif, 2014).
The activities of the current study were prepared on the basis of a number of analyses
and after obtaining experts’ opinions in the fields of IT and science to meet these
criteria. In addition, some indicators of the level of complexity of the activities
emerged during the implementation process. These indicators may assist

instructional designers in the structure of such activities.

The perceived difficulty of the whole activity, phases and the troubles were the
complexity indicators which require extra effort from students to successfully solve
the ill-structured problems. The indicators of simplicity, on the other hand, were
perceived simplicity (getting easy and getting used to) and ease of ill-structured
problem during the implementation process. Not all of these indicators, but some of
them were consistent with the results of other studies. For instance, according to
Shim, Kwon and Lee, (2017), it was relatively difficult for the students to create the
robot's route and configure it to carry out the task of the operation. This referred to

the perceived difficulty of design and programming issues in the activities as in the
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current study. Similarly, according to Gyebi et al. (2017), the programming task
required the learning of programming concepts that introduces a different level of
complexity for students. When the background knowledge and experience of
students is not sufficient, robot building is very difficult for them (Ching et al., 2019).
However, in the current study, the students did not specifically report the complexity
of the robot construction, although the pieces of the robot kits were given separately
to them for the first time during these activities. The explanation for this result might
be that the used robot kit included relatively few pieces that could be considered
appropriate for the age group of students. According to Giirkanli (2018), adapting
activities to students’ age requires a range of alignment from physical parts of the
robot to the software complexity of these tools. For instance, effective programming
software should be free from syntactic rules that make programming languages
difficult for children (McNerney, 2004).

The feature of drag-and-drop in visual programming editors might be perfect for
learners from all age groups since they provide the opportunity to experiment with
programming structures simply joining these constructs without heavy knowledge of
any programming languages (Papadakis & Orfanakis, 2017) and are sufficient tools
to learn algorithms as a learning outcome in an interesting and easy way (Alshehri,
2019; Pachidis et al., 2019). Accordingly, using a visual editor in the current study
might ease the programming of robots for the students while they are solving ill-
structured problems during the activities. In addition to the visual programming that
is necessary for the age group of students, the experience they gained from the initial
activities simplified the remaining activities for them during the implementation

process.
Equipment

Each activity group was expected to solve the ill-structured problem and develop a
product at the end of the activity as the solution to this problem in the current study.
The equipment used for this solution consisted of unique materials referred to as

stationery, robotic, and auxiliary materials for the activities. These materials were

360



discussed here with the literature in order to simplify similar activities later on. In
fact, the investment in such activities can actually guide the schools towards the
effective use of these activities (Barreto & Benitti, 2012). In particular, in order to
develop a useful curriculum, researchers must pay attention to supporting learning
facilities like the tools available in the activities (Latip & Hardinata, 2020). However,
a detailed identification of these tools was presented by a limited number of studies
in the literature such as the study by Bellas, Salgado, Blanco and Duro (2019), and
Balogh and Petrovi¢ (2020). The equipment used for the current activities was

outlined below.

The robotic materials including actuators (motor, led, buzzer, and speaker), sensors
(analog and digital sensors), and other parts (mainboard, battery, connection cable)
were one of the necessary pieces of equipment for the activities. Students were asked
about the necessary actuators and sensors at the analyzing stage of the ill-structured
problem. Based on their responses on the activity sheet, the preferred actuators in the
activities were listed from the most to the least needed one as buzzer, dc-motor, led,
and speaker, respectively. The selected analog sensors were ordered as temperature,
proximity, and light sensors. Additionally, in terms of digital sensors, touch sensors
were needed more than optical sensors during the problem solving process of the

activities.

The stationery materials of the activities were categorized as essential (cardboard,
paper, felt), operational (glue, scissors, paint), and complementary (flashlight, latch,
box), and they were used to design and develop the product or simulate the problem
statement during the activities. In addition to these functions, the students were

strongly motivated by these materials during the problem-solving process.
Structure Level and Dynamicity

The natural process of the activities began with an ill-structured problem as a starting
point. The students then followed a problem-solving process in a collaborative
environment. As an end point, the solution of the problem was a product including

the programming and the design of robots. While this general structure was the same
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for all the activities, they were ordered on the basis of the structure level of their
problem scenario during the implementation process. Therefore, as in activity
scenarios, several structural characteristics emerged related to the activity structure

level.

The unifying factors in the general structure of the activities were the resources
(problem scenario, robotic materials, stationery materials, the video), and constraints
(duration of activity, perception of the students) of the activities. In contrast, the
context of the problem scenario, possibilities for variations in design and
programming were the diversifiers of this structure level of the activities in the
current study. In another study, the heterogeneity of the groups including cognitive
and demographic diversity improved the group performance in terms of quality
information and learning outcomes (Fonteijn & Dolmans, 2019). This diversity
enabled groups to build context-related knowledge (Sing, 1999). Therefore, the
diversifiers of the structure level of the current activities might contribute the
knowledge of students about the context of the ill-structured problems.

According to Jonassen (2004), the problems generally differ in their stability or
dynamicity. The ill-structured problems tend to be more dynamic, which means that
the problem solver must adapt to the understanding of the problem and make the
necessary changes on the solution, since the conditions of the problem change and
the old solutions may no longer be feasible. In the current study, the solutions of
groups differed constantly in the activity process and these differences indicate the
dynamicity of the activities. Specifically, the dynamicity in activities was stimulated
by the process of creating a solution proposal, changing the solution proposals, and
the use of resources in an interchangeable manner. On the other hand, the elimination
of proposals for solutions, the inadequacy of resources, the lack of solution
suggestions, and interactions between groups were the factors that reduce the

dynamicity of the activities.

These dynamicity variables often arise naturally in activities, and the legitimacy of

competing alternatives referred to the extent of the number of acceptable options in
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the problem space (Hung, 2019). These options could not be examined during the
problem-solving process in the current study. However, the number of proposals for
solutions for each activity was identified with the help of the related part of the
activity sheets. According to the corresponding findings, students tended to come up
with more solution proposals at the beginning of the implementation process in both
cycles, and this amount declined towards the end of implementation. The underlying
reason for this finding could indicate the novelty effect of the activities for students.
The students might want to find the right solution by providing more proposals to
ill-structured problems at the beginning of the implementation process, when they
did not have enough experience. On the other hand, they might start to offer clearer
proposals and eliminate some of the others that were not feasible for them by gaining
more experience in the ill-structured problem-solving process towards the end of the
implementation. This showed that the process of generating solution proposals
shortened and turned into a stricter structure towards the end of the implementation

process of problem-solving activities.

The domain of these dynamic activities emerged from the findings of the current
study as another structural characteristic of them. The related fields of Science, ITS
and others (Linguistics, Arts, Engineering) indicated the multidisciplinary aspect of
the activities. In addition, activities were identified as firmly linked to the daily-life
context, which ensured the proximity of selected ill-structured problems to real-life

situations as one of their characteristics.
Instructional Features
Transfer

The findings of the current study indicated the transferable aspect of the activities as
one of their significant instructional characteristics. According to the participants,
the transfer of activities was possible on a daily, professional, and educational basis,
as well as on other projects. According to the general scope of the literature, the
transfer of leanings in the problem-solving process might take place in two ways. In

near-transfer situations, the learner can solve new problems using the same context
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and level of complexity as the learned one. Far transfer, on the other hand, provides
the ability to solve new problems in a similar context to those used in the learning
environment and the different complexity that is increased by adding new factors
(Jonassen, 2010). On the basis of these characteristics, the explanations of the
participants of the current study regarding the transfer of activities mostly referred
to the far type of transfer. However, there was also transfer of learning within the
activities and between the activities which was not reported by the participants. This
near transfer could be traced to students' expertise in activities and the reduction in
the perceived level of difficulty or guidance needed throughout the implementation
process. In addition to these indicators, the use of classroom learning prior to the
implementation, learning in classroom activities, and learning in other activities
indicated three ways for this near transfer in the current activities as stated by Catlin
(2017).

Traditional formal educational settings do not always provide the transfer of acquired
knowledge for problem-solving. New educational approaches are therefore crucial
to helping learners to use information and skills to meet challenges (Bransford &
Stein, 1993). The learning settings that activate learners, in contrast to traditional
methods, facilitate the understanding, retention and transfer of learning from class to
practice (Tani et al., 2017). Problem-based activities can build a bridge to allow the
transfer of knowledge and skills to real life (Koh, 2015) as the problem-solving
process involves a series of serious steps from problem formulation to generalization
and transfer of this process to a wide variety of situations (Gonzalez & Munoz-
Repiso, 2017; Eguchi, 2017; Li, 2020). Therefore, the range of transfer areas found
in the current study might be considered as a contribution of these activities which

provide successful transfer paths for student participants into the literature.
Credibility

The expressions made by the participants about the purpose of the activities,
explanations about them and the evaluable aspects of the activities constituted the

credibility of the activities in the current study. According to Sullivan (2017), if a
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pedagogical approach focuses on promoting the creativity of students who take a
non-evaluative stance, the center of the stage might be a long-term activity or activity
series that aims to explore, learn and develop without the burden of evaluation, as
exists in the current study. Additionally, the goals of the activities explored in the
current study might assist instructional designers in the creation of activities.
Specifically, the goals of the activities were found to be twofold. In one of these, the
general goals of the activities were identified as using educational robots, solving
problems, and developing a product. Additionally, the activity-based goals were to
upgrade robots (for the first activity), protect people (for second and third activity),
and protect the environment (for the last activity). These goals might be useful for
practitioners to use in non-evaluative learning environments as well as others to put
the objectives of the instruction and do the evaluation of learning as a part of the

problem-solving activities.

Activities were also identified as explainable for classmates, teachers, and others not
related to activities such as family members with design-related and technical
aspects. These findings were consistent with the findings in the literature. According
to Eguchi (2017), students presented their robotic creations to the public as
classmates, teachers, and families. They worked on their explanations by evaluating
and summarizing their activity process in order to reach the final form of the
presentation. In the current study, each group presented their solutions to the teacher
and other friends at the end of each activity. According to Chalmers and Nason
(2017), with whole class presentations, the students could see other alternative
solution approaches, products, strengths, and weakness and analyze the advantages
and disadvantages of different alternatives (Gonzalez et al., 2020). In addition to
these presentations, the students provided explanations of the activities during the
focus group meetings in the current study. These explanations were mostly design-
based, in which the solution to the problem was expressed by the emphasis on design
issues. Additionally, the technical explanations were also considerable. In those
technical explanations, the students tended to explain the technical aspect of the

activities such as the sensors they used, or details of programming, more than other
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issues. According to Veselovska, Kubincova and Mayerova (2020), the explanations
given by the students in their presentation differ on the basis of their grade levels.
While the third grade students reported robotic models with only fictional behaviors,
the fourth graders tended to attribute imaginative features, in addition to fictional
features (density and laser sensors), to their robotic models. This might be consistent
with a finding in the current study that both the technical and the design explanations
of the students were based on their solutions and functions of that solution in the

current study.

The activities also provided the teacher with a general review of the learning status
of the students, since they cover all subjects of the semester. In this general
assessment, activity sheets, reflection papers, and peer review forms might be used
for the evaluation of students as well as the observation of the entire activity process.
According to Whittier and Robinson (2007), the use of robots gives the teacher the
opportunity to observe the progress of the students more concurrently in a process
that is otherwise very slow and difficult. In addition, systematic observation provides
a formative evaluation of the intervention to document the progress of learners on
the outcomes of the activities (Roussou & Rangoussi, 2019). However, such a
systematic observation was not utilized in the current study. Instead, the effects of
the activities on the students were asked to the teacher in detail through semi-
structured interviews after each activity. As indicated, this method might be used to
reach open responses articulating the views concerning the effectiveness of the
activities for their evaluation (Papadakis & Orfanakis, 2017). In addition,
achievement tests were used to examine the learning outcomes of the activities on
corresponding subjects in the Science and ITS Courses during the implementation of

the current problem-solving activities.

Reports and reflections enable an authentic assessment of the results by providing a
detailed description of the lessons learned (Walter & Verner, 2020). In the current
study, reflection papers provided a source of information to track student insight into
the activity process. Students could easily write a problematic situation about the

activities in these forms. For example, several students wrote problems in their
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groups on these forms. As a result, the problems experienced could receive
immediate intervention. In addition, the group dynamics were also examined with
the help of peer evaluation forms during the implementation process. The most
important feature that worked here was that these documents were secretly collected
in envelopes from the students. Students could therefore easily express their thoughts
about the group mates and other friends on these tools. According to Benitti and
Spoladr (2017), the generation of standardized assessment tools is needed to ensure
the quality of robot-based learning environments. The tools used in current research,
which were very close to students' insights, might therefore take their place in the
assessment process of problem-solving activities in which the educational robots are

used to solve ill-structured problems.
Practice

Activities in the current study provided students hands-on practice opportunities with
educational robots in the resolution of an ill-structured problem in which the context
was enriched by science subjects. According to Gyebi et al. (2017), practice during
the activities improves the quality of teaching and learning with the active
participation of students. This participation is a key focus of creativity in solving
problems, and students are strongly motivated to enhance their learning (Varnado,
2005). When the students participate actively in their learning process, they learn to
do, work, and share with others (Chetty, 2017). In the current study, working with
others made the distribution of tasks compulsory for the groups. The division of labor
was therefore used as a technique for the distribution of the tasks that were
specifically identified as filling the activity sheet, programming robots, and
designing. During this distribution, the instructor might need to ensure that all group
members contribute to the tasks of others in an appropriate way during the problem-

solving process.

Through this active collaboration, active learning approaches become the heart of
activities that focus on learning rather than teaching. Students therefore have a new

role to play in building knowledge (Araujo, Moallem, Hung, & Dabbagh, 2019). The
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teaching strategies should help students to develop and sustain their self-learning and
exploration spirit in this learning environment (Bédard, Moallem, Hung, & Dabbagh,
2019). Applying knowledge to solve problems can be an effective method of
developing and sustaining that spirit since, according to Tan (2003), an iterative
problem-solving process requires the contextualization and application of
information in a particular circumstance in which the learners rephrase, paraphrase,
and reveal new knowledge. Similarly, in the current study, students were required to
apply their knowledge on a number of subjects in order to solve ill-structured
problems. As in other activities, these activities provided platforms for learners to
practice key programming subjects (Castledine & Chalmers, 2011; Chetty, 2015;
Shim, Kwon, & Lee, 2017; Gyebi, Hanheide, & Cielniak, 2017), practice problem-
solving, work on fine-motor skills and eye—hand coordination (Bers, Flannery,
Kazakoff, & Sullivan, 2014), and apply concepts from relevant subjects to solve real-
life problems (Ching et al., 2019).

Contributions to Learner
Skill Development

Developing 21st-century skills such as enhancing technological literacy, developing
learning skills by enhancing critical thinking, creative thinking, collaboration,
communication, and improving life skills such as flexibility, teamwork, and
leadership are the new generation's necessary requirements (Job & Saeed, 2016). The
use of robots in education has the potential to meet these life-long skill requirements
(Khanlari, 2016). For instance, according to the findings, problem-solving activities
in the current study have contributed to non-technical skills such as soft skills and
computational thinking skills and more technical skills such as ICT (Information and

Communication Technology) and design skills of the students.

The development of soft skills during activities increased students' sensitivity to
others. In detail, the insights the student participants gained such as helpfulness,
respect for others, and awareness of people with disabilities were some of the

contributions of problem-solving activities that can be used in the education of
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values. In addition, the development of collaboration and communication with others
were the other contributions of these activities on students' soft skills. Some of these
findings were in line with the literature. According to Truglio, Marocco, Miglino,
Ponticorvo and Rubinacci (2019), collaborative activities were powerful learning
environments that promote social reactions. They provide the opportunity to work
in teams by enabling the improvement of social relations between students in the
classroom. Therefore, the development of communication skills (Eguchi, 2014;
Eguchi, 2016; Angela et al., 2017) and team and collaboration skills ( Karp &
Maloney, 2013; Toh, Causo, Tzuo, Chen, Yeo, 2016; Eguchi, 2017) among the social
skills (Uggiil, 2013; Felicia & Sharif, 2014) were the findings of the other studies
that reported the contribution of activities designed with educational robots in
different educational settings.

In one of these educational settings, Xenos, Yiannoutsou, Grizioti, Kynigos and
Nikitopoulou (2017) conducted research to explore the potential of educational
robotics as part of the school curriculum. The results of the study indicated that the
integration of these tools has a positive effect on student learning. Generally, they
developed problem-solving skills that help students understand the meaning of how
things work in real-life situations. More specifically, the implementation of robotic
technology in curricula enhanced and developed higher-order thinking skills and
students’ ability to solve complex problems (Blanchard et al., 2010). As indicated in
these studies, the problem-solving skills of the participants were developed during
the activities in which students programmed robots to solve ill-structured problems
in the current study. These problem-solving skills were categorized under (CT)
computational thinking skills as well as others such as autonomous learning
(debugging) and algorithmic thinking skills in this study. In another study, the
activities were found helpful for participants to develop CT skills in particular for
problem-solving, algorithm building and debugging in a game model that used a
visually programmed robotic agent for users (Kazimoglu et al., 2012). Further CT
skills including abstraction, generalization, modularity, and decomposition were

developed quite successfully with other activities. Among these skills, the most
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difficult skills to gain were perceived by the students as abstraction and

decomposition (Atmatzidou & Demetriadis, 2014).

In addition, the current activities contributed to the development of more technical
skills such as ICT and design skills, based on the findings. In particular, students had
the opportunity to improve their robotic skills, defined as construction and
programming of robots, during these problem-solving activities. Additionally,
students used a visual programming editor to build their programs with flowcharts
to solve problems with robots in their activities. According to Chetty (2015a), these
visual programming platforms allowed students to deal with real-world robot
problems and develop their dynamic programming skills in a language-independent
environment. As a result, they found the chance to easily acquire the requisite
programming skills with visual programming software (Ersoy, Madran, & Giilbahar,
2011) and understood basic principles of syntax-based programming languages with
a syntax based editor in upper grades (Huei, 2014). In the current study, a visual
programming editor was used, selected especially according to the level of
development of students. Since this editor also provided programming for robots
with a syntax-based language, this aspect might be tested in older classes to see the

continuity of results.

During the activities, the design skills of the students — a technical skill —were also
developed, based on the findings. This improvement in design skills, specifically
hand and art skills, might be the results of the tangible aspect of the current problem-
solving activities, as hands-on activities are specific learning environments that
encourage students to build design skills (Schleter & Biegalski, 2015) and develop
motor skills (Bers et al., 2014). The additional skills identified as the contribution of
educational robotic literature were scientific creativity skills (Cavas & Kesercioglu,
2012), scientific inquiry skills (Jomento-cruz, 2010), and scientific process skills
(Kog¢ Senol & Biiyiik, 2015) in STEM based research. These science-related skill

developments cannot, however, be supported by the findings of the current study.
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Learning Outcome

The learning outcomes of the activities also fell within the scope of the current study.
In fact, participants reported on learning outcomes in related courses (ITS and
Science) and other courses (Linguistics, Arts, Social Sciences and Mathematics)
after the implementation of problem-solving activities. Specifically, the
programming learnings (use of editors, menus in editors) and algorithm (function of
algorithm shapes, use of loop structure) in the ITS Course and in the subjects of the
Science Course (heat, light, disruptive natural events, strength, and friction) were the
main outcomes of the activities. Other studies also pointed to the potential impact on
similar outcomes. For example, Mohammed and Saeed (2016) reported that a robotic
training program improved the performance of students in science. In addition,
Barker and Ansorge (2007) introduced an elementary science and technology
curriculum for an after-school program. Results of the experimental study revealed
that students had a significantly higher academic score on science and technology
concepts in the robotic intervention group. On the other hand, an educational robotic
program, enhanced with STEM concepts, did not affect the science gain of students
compared to the regular curriculum in another study conducted by Jomento-cruz
(2010).

These reported results also coincided with the results of a measurement applied in
the current study. In detail, the results of the applied tests indicated that a statistically
positive change occurred in the unplugged algorithm test scores of students who
participated in activities in the second cycle. However, this change was not
statistically significant for the students in the first cycle. Similarly, there was a
positive change in the student scores of the science achievement test after they
participated in the activities of the second cycle. However, this significant change
was not seen in the first cycle. The level of prior knowledge could form the basis for
these conflicting results, as at the beginning of the activities students had fewer prior
knowledge at second school. This result might show us that the problem-solving
activities were more effective for low-level students in the subjects of both courses

(ITS and Science) because while it made a significant difference in the groups with
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lower scores, this difference was not significant in the group of students with higher
scores. Furthermore, in both cycles, the students' grade levels were different. As the
time of implementation of the activities moved away from the time of coverage of
these subjects, the range of student test scores increased according to the results.
Therefore, these activities might be more effective to recall the subjects for students
who studied these subjects long ago. In addition, these activities took place in the
second cycle of the implementation classes according to gender discrimination so
that this result could be related to the gender of the students.

In addition to skills development and learning outcomes, the activities also enhanced
the motivation of students as a further contribution. In detail, the interest of students
on both courses (ITS and Science) and on activities were increased during the
implementation process. This was more evident for the students who had low level
of interest toward the courses at the beginning of the implementation process. The
majority of these students were girls and the activities specifically removed the lack
of interest these students had toward the technology throughout the implementation
process. Additionally, all the students from both genders specifically gained the
feeling of success during the activities by solving ill-structured problems. This
feeling engaged them into the activity process and motivated them to perform similar

activities.

The activities also contributed to the professional development of the teacher in a
variety of ways. In one of them, experience in activities increased the interest of the
teacher in research, such as conducting similar activities with the integration of other
courses rather than science. Additionally, he wanted to use different robot Kits in
those activities. A tendency to change the instructional method used was also seen
as another contribution of the activities for the teacher. Accordingly, the future plans
of the instruction would include more problem-solving approaches where the
students are highly active, and the resources used effectively. The communication of
the teacher with students was also improved during the implementation process.
According to this contribution, the activities helped him to get used to the new

working environment by establishing closer relationships with the students.
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514 Guideline for the Implementation of Collaborative Problem Solving

Activities with Educational Robots

In the results section of the current study, recommendations for the guideline of the
activities were compiled in five headings (motivation, preparation, cushioning,
communication, learning outcomes and settings), based on codes and categories
developed for previous research questions. However, it was not easy to predict the
effects of these headings on activities since they were not generated for the
implementation process of the activities. Accordingly, the guideline presented in this
part of the report was therefore combined with the implementation process. In this
process, each activity started with the phase of introduction and ended with an
evaluation phase. However, the preparation and closure phases also emerged
corresponding to all activities during the implementation process. All of these phases

and the main components of the guideline are shown in Figure 5-1.

Activity Context
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/ \
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activity performance and

implementation
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e  Check Readiness Increase Motivation e Create Credibility e Verify Participation

e Organize Learning e  Provide Equipment e  Present Solution

Figure 5-1 Guideline Components in Activity Process
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Figure 5-1 shows that the activities began with the preparation phase of the
implementation process. In this part, the guideline demands that the teacher might
check readiness for the activities and organize the learning in the activities. It is
extremely important because the necessary decisions are taken in this phase on the
activities and it lays the organization for all activities in the implementation process.
Therefore, while making these decisions, the instructor should not hesitate to use
certain means such as pre-tests. In different ways, the next five phases of
implementation are the iterative processes for each activity. Among them, an
increase in student motivation is expected to be part of the introduction phase. In this
part of the activity the students also begin the problem-solving process. In other
words, the group of students who have been motivated to solve the problem begins

to create their problem space for the ill-structured problem in the activities.

According to guidance, the students follow the next three phases, specifically paper
work, programming, and production phases iteratively. Protecting this three-fold
structure is therefore very important for the problem-solving process. In order to
explain the iterative structure of these phases further, the students are expected to fill
the activity sheet to follow a path through the ill-structured problem solving process.
In the programming and production phases, the students may turn back to the activity
sheet and make use of it. Furthermore, the groups starting to develop their products
may frequently need to return to the programming phase to change their programs
on the robots. The guideline shows that in this iterative process scaffolding should

be provided for the students to overcome the various challenges of the activities.

The credibility of the activities should be ensured through the use of several tools
during the evaluation phase. The activity sheet, reflection paper, and peer evaluation
forms can be made ready for the assessment of the outcomes. Additionally, the
presentation of the solutions to others at the end of each activity can be used for the
credibility of the activities. These presentations may provide the students the feeling
of success, which is very important for their motivation toward the activities. The

certificate that serves as a verification tool for the participation of the students in the
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activities can be another source for this feeling. The guideline suggests that this

certificate can be given to the students in the closure phase of the activities.

The main components of the guideline and their details were discussed with other
attempts in the literature. In one of those studies, Mosley and Kline (2004) (1)
identified a list of recommendations for a task-based service course in which
university students worked in groups to construct and program robots to complete
four exercises. The details of these exercises indicated that the most sophisticated
task was to build a robotic grip that would capture soda cans. Unfortunately, the
paper did not contain any information on the level of structure of these tasks.
Additionally, Williams et al. (2007) (2) reported six principles for developing and
implementing robotic programs. The research was carried out on a robotic camp that
was prepared for middle school students and consisted of a mixture of hands-on
activities of the whole and small groups that provided experiments with physics

concepts.

A further study was conducted by Ucgiil (2012) (3) to reveal the design principles of
educational robotic training camps. For this purpose, two robotic camps were
organized with elementary school students. These two studies contributed to the
literature by investigating the robotic activities in non-school educational settings. In
contrast, Kamga et al. (2017) (4) introduced the design requirements for robotic
education activities that support a collaborative problem-solving approach when
integrated into a typical school curriculum. The results of the study were based solely
on the literature review. It is therefore necessary to confirm these design
requirements in the context of the intervention of robotic activities in the CPS
learning environment. The design requirements of the educational robotics in the
school environment were also explored by Giirkanli (2018) (5) from the educators’
perspective. However, the implications of the study indicated the importance of the
investigation of such requirements from the perspective of the students.
Additionally, the participating educators were all in private schools, which was
another limitation of the study. The researcher expressed that different needs may

exist in governmental schools.
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Although all these studies differed in some aspect from the current study, the general
purpose of all was to organize learning environments using educational robots.
Therefore, looking together at the components of the guideline and the results of
these studies can be an effective method both for the feasibility of the guideline and
the discovery of the differences with other studies. Table 5.1 presents the guideline
with components of the current study. Numbers next to the components indicate the

relevant research in the literature.

Table 5.1 Guideline Components and Details with Relevant Literature

Activity Guideline Component & Details
Phase
Check Readiness
o Grade level (3, 5)
o Check pre-knowledge (2, 3)
o Look for needed skills (2, 4, 5)
S o Remove misconceptions
= o Readiness of teacher (2)
s o  Control infrastructure (1)
o
L Organize Learning
o Number of students (1)
o Number of equipment (1, 3)
o Maintain the activity structure
o Provide substitute teacher (3)
o Form the groups (1, 3, 4)
Increase Motivation
c
2 o Use technology (5)
_§ o Use an introduction video
o o Encourage collaboration (3)
= Provide Equipment

o Keep resources readily accessible (1, 3, 5)

Scaffolding

Use activity sheet

Guide students (3)

Encourage peer guidance (3)

Provide teaching aids (in programming) (2, 3, 5)

o O O O

Address Common Challenges

o Prevent noise
o Overcome group problems
o Distribute stationery materials (in design)

Paper Work-Programming-
Production
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Table 5.1 (cont’d)

Create Credibility

o Take goals
o Use tools (Activity sheet, reflection paper, peer evaluation form)

Present Solutions

Evaluation

o Guarantee success feeling
o Admit technical and design-based explanations (2)

Verify Participation

e Provide certificate

Closure

1. Preparation Phase
1.1. Check Readiness

Grade level: The students’ grade level is important for the robotic learning
environments since there are no robot kits suitable for all age groups (Giirkanli,
2018). The grade level of the participants should therefore be clearly defined as they
are all at the same level in robotic camps (Uggiil, 2012). It will be the same in the
school context, so that the choice of the grade level for the implementation becomes
a crucial issue for the problem-solving activities in which students solve ill-
structured problems using educational robots. The participants should not be too
young at low cognitive stages, nor should they be in upper classes with barriers such

as high school tests.

Check Pre-knowledge: The knowledge baseline from the related fields (ITS and
Science) of the activities should be checked prior to the implementation process of
the problem-solving activities. An appropriate assessment tool can be used to test
whether students have sufficient knowledge of pre-requisite subjects in both courses.

Subjects are follows:
e ITS Course: Knowledge of robot pieces, flowcharts, and algorithms

e Science Course: Force, temperature, sun rays, natural disasters, environment,

electricity, sound, and distance
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Students are given the opportunity to practice the mathematics and science
knowledge they have learned in schools when robotic camps are ready to solve
complex problems (Uggiil, 2012). If the students have different levels of content
knowledge, they may need different activities in robotic programs (Williams et al.,
2007). Hence it is important for participants in problem-solving activities to have a
close baseline knowledge in order to carry out the activities in which they solve ill-
structured problems with educational robots properly. Furthermore, removing gaps
in prior knowledge for the activities will help them during the activity process.

Look for Needed Skills: The skills needed for the activities include collaborative
work, programming, problem-solving, and design skills. The deficiency of these
skills is one of the predictors of the lack of readiness. Students therefore need to
acquire these skills in advance of their activities. According to Williams et al. (2007),
although limited problem-solving skills can work well on structured robotic tasks,
but different tasks (such as ill-structured problems in the current study) may benefit
from different levels of capabilities. In addition, students are needed to use adjustable
robotic tools with regard to the size of the embodiment elements, input / output
connections and electronic components. The motor skills of the students are therefore

important for the implementation of the activities (Giirkanli, 2018).

Remove Misconceptions: Misconceptions about previous learning are another
barrier to student readiness to work on ill-structured problems. The misconceptions
can be linked to the pre-requisite knowledge or/and knowledge needed to carry out
the activities. These misconceptions are follows:

e Knowledge base: Force and friction, natural disasters (science subjects), or

name of robot pieces (ITS subject)

e Others: Filling the fishbone on the activity sheet, and knowledge of disability

groups

The removal of these misconceptions before the activities is crucial in order to reach

sufficient readiness for the activities. All of them should be carefully checked in
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advance of the implementation process. This finding of the guideline is one of the
unique contributions of this research since misconceptions were not defined in
guidelines of previous studies provided for the use of robots in different educational

settings.

Readiness of Teacher: In addition to students’ readiness, the instructor’s readiness
may also have an impact on the implementation process of the activities since he/she
needs specific knowledge and skills to guide students through all phases of the
activities. According to Williams et al. (2007), facilitators’ lack of scientific inquiry
skills has affected learning of students in the activities. Similarly, the teacher's
inadequate design skills limited his contribution to the activities during the
development of products in the current study. Therefore, all elements that affect the
readiness of the teacher should be eliminated before the activities in order to carry

them out properly.

Control Infrastructure: The infrastructure of the learning environment has a
positive or negative effect on the whole process of implementation. For example, a
learning environment with mobile tables and laptops offered an opportunity to
reconfigure the room to create some open space for students (Mosley & Kline, 2004).
Therefore, students can test their robots comfortably. There was no problem with the
open spaces of the laboratory in the current study. However, because of the noise in
the learning environment, some of the students needed to go to another room to

record their voice on the robots.

In addition, the laboratory was not appropriate for group work in the second cycle of
the current study. Another place in this school was used for the paper work phase.
Besides these layout problems, the computers that were used had different hardware
and operating systems which can cause various technical problems such as
connection problems in the learning environment. Therefore, the infrastructure of the
laboratory should be controlled for such technical and layout problems in order to be
ready for the implementation of the activities.
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1.2.0rganize Learning

Number of students: Activities should be conducted in a classroom that is not
crowded but also with a sufficient number of students to provide a collaborative
learning environment. In situations where students are unable to continue their
activities, an adequate number of students are becoming more and more important
to continue the process of collaborative problem-solving activities. This inadequacy
of students for activities is in conflict with one of the results of the literature, which
showed that the small class size of robotic laboratory tasks is the most feasible for

such environments (Mosley & Kline, 2004).

Number of Equipment: As each group in the activity needs its own equipment, it
is important to decide on the number of robot kits before integrating them into the
class (Mosley & Kline, 2004). Uggiil (2012) identifies the necessary set of equipment
as robot kit, resource package (extra robot parts), and computer. The researcher also
advised the preparation of extra robot sets and battery packs in the guideline of the
robotic camps. Additional robot Kits are also suggested to be prepared before the
implementation process in the current study guideline, as the durability of these Kits
is not very good. The soldering machine can also be used to fix breakdowns of the
robotic components during the problem-solving activities. The stationery materials
used during the production phase of the activities are another necessary equipment
for the activities. The guideline indicated that all equipment (Robotics, Stationery
and Auxiliary Materials) of problem-solving activities should be prepared by

considering the number of students involved in the activities.

Maintain Activity Structure: The general structure of the problem-solving
activities was determined by taking into account the framework of the present study.
Specifically, constructivism and constructionism shed light on the activities that the
students engaged in in the learning process by doing, experiencing, and producing a
product during the activities. This production process is based on an ill-structured
problem-solving process in which students work collaboratively with their group

mates. This environment of collaboration within the activities was created by
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considering the framework of CPS (Collaborative Problem Solving). The entire
resulting structure was found as highly motivating for the students. Especially
iterative phases in it (paper work, programming, and design) were seen as a source
of entertainment during the implementation process. Therefore, this guideline
advises that the structure of the activity process should be maintained during the

implementation of the problem-solving activities.

Provide Substitute Teacher: Administrative tasks (as an external challenge) may
interrupt the activity process during the implementation process. The activities
should therefore be carried out with a substitute teacher. If these tasks are carried out
before or after the activities, the need for the substitute will not exist anymore.
However, some technical problems may still be present during the activities as
internal challenges. Therefore, Uggiil (2012) advised a person with technical
competence to overcome these challenges. In addition, according to him, one science

instructor can be ready for scientific activities and discussions during the activities.

Form the Groups: In the current study the groups were composed of a total of three
and four students. Groups with four students were preferred only when additional
students were left in the classroom after the three-member groups were formed. Both
are acceptable for the activities, but in the case of groups with three, if one student
doesn't come to school that day, two students had to perform the activities. This
means an increase in the workload for the remaining students in the group. For this
reason, it may be more appropriate for groups to be formed of four in order to carry
out activities without problems of workload. This number of group members
overlaps with another recommendation in a research study conducted by Mosley and
Kline (2004). Other research indicates that three member groups are advised and four
members are also found acceptable for robotic camp activities (Uggiil, 2012). It is
also considered that small teams for groups of 3 to 7 students to meet collaborative

requirements in robotic learning environments are needed by Kamga et al. (2017).

In addition to the number of students, systematic work sharing and division of labor

can be effective against intragroup problems (group conflicts, disengagement, or
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mobbing) during the implementation of the problem-solving activities. Accordingly,
the division should be arranged for each student to have duties at any time during the
activities as advised by Ucgiil (2012). These duties are identified by the students as
operating the robot, working on design, and observing (Mosley & Kline, 2004).
Similarly, they are filling the activity sheet, programming the robot, and designing
the robot with stationery materials in the problem-solving activities of the current

study.
2. Introduction Phase
2.1. Increase Motivation

Use Technology: The great interest of students in technology can be used to
motivate them at the beginning of the problem-solving activities. In addition, the
series of activities can be aligned with this interest as the activity of the robot factory,
which has the main focus on the technology (robots) itself, can be used at the
beginning of the implementation since visually attractive robots enhance the

students’ active involvement in the robotic activities (Gtirkanli, 2018).

Use Introduction Video: An introduction video produced in conjunction with the
problem scenario of the activities motivates the students for the activities. The
students react with great interest to this video, and the teacher has found an
opportunity to engage in an ice-breaking discussion of the problem scenario with the
help of this video. It should therefore be used to attract the students’ interest toward
the problem itself easily at the beginning of each activity. However, it may involve
upsetting content for the students in some activities. Therefore, these negative
emotional effects should be avoided while preparing this video.

Encourage Collaboration: Collaboration in group work is an important catalyst for
student motivation during the problem-solving activities. However, the level of
motivation may decrease for some tasks (filling activity sheet / programming) in

group work as they are not found to be as attractive as the design of materials by
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students. These tasks should therefore be encouraged to work collaboratively in

groups in the introduction phase.

According to Uggiil (2012), this collaboration in a small group work environment
could enhance the social interaction of the students. Interaction between groups
could be enhanced by borrowing robotic pieces, exchanging knowledge as well as
competition between groups. In contrast, the findings of the current study indicated
that the competitive interactions between the groups could be of the challenges of
problem-solving process in a cooperative learning environment. Competitions
between groups were mostly seen as races to finish the phases earlier and as a result
the group usually felt demoralized during the activities. Therefore, these competitive
interactions between groups should be removed from the activity environments.

2.2. Provide Equipment

Keep Resources Readily Accessible: The resources of the activities (robotics,
stationery, and auxiliary materials) should be prepared in advance of the problem-
solving activities. First, the activity sheet should be printed before each activity
because it contains different problem scenarios for each activity. Additionally, the
robot kits should be checked for possible problems and to make sure it is not running
out of battery. It should be noted that the students will use these robotic materials
during the programming phase as well as stationery materials during the production
phase. While it is highly recommended to provide these resources to students in the
associated phase of the activity, they should be able to look at these materials
whenever they want, such as in the paper work phase when creating the problem

solutions.

Mosley and Kline (2004) suggested that all equipment should be transported and
checked in the learning environment prior to the start of the learning activity. Power
shortages, battery chargers, and memory shortages are key technological issues
during robotic activities. It is therefore beneficial to support each group with a
resource package containing extra resources in the learning environment (Ucgiil,
2012).
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3. Paper Work-Programming-Production Phases
3.1. Scaffolding

Use Activity Sheet: The activity sheet was used to provide students with a pathway
to the ill-structured problem-solving process during the implementation process. It
includes parts, starting with the presentation of the problem scenario. In reality, when
watching the introduction video in the previous stage, the students begin to create
the problem space. However, with this portion of the activity sheet, they transform
it into a clearer one as here they encounter the real ill-structured problem statement.
Additionally, with the last section on this sheet, they have the opportunity to create
their algorithms to move on to the programming stage. Students can often turn back
to this activity sheet during the programming and production phases and look at their
notes, such as solution proposals or algorithms. This activity sheet can therefore

assist students from the start of the activity to the end of it.

Guide Students: The instructors’ main duty is to scaffold students during the
problem-solving process. According to Uggiil (2012), they should track the progress
of students in detail and give them the right amount of help at the right time. As in
the current study, the instructors should direct the activity process, help the students,
control the group work and give them feedback when it is needed. The level of
instructor guidance is expected to fade out throughout the implementation process
since the students get accustomed to the problem-solving process and have

experience on several challenges in the activity process.

Encourage Peer Guidance: The students are also guided by the group mates during
the problem-solving activities. Usually, when they have troubles, they get help from
their peers and share their ideas with others. Collaboration and consensus, as one of
the indicators of effective communication between group mates and the use of peer
guidance during activities, have been used to address these troubles. According to
Uggiil (2012), these social outcomes can be encouraged with less involved

instructors and with a possible less managed learning environment. Accordingly, the
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use of these strategies should therefore be encouraged during the problem-solving

activities.

Provide Teaching Aids: Just-in-time resources, such as tutorials and examples,
should be integrated into activities to support the investigation process and promote
content knowledge. In addition, similar resources can provide the concepts and
principles that students need to construct and program robots (Williams et al., 2007).
Learning stations can be used to promote these resources during the activities (Uggiil,
2012). The visibility of these guide and assistance resources is crucial in the learning
environments (Giirkanli, 2018). Accordingly, an interactive slide, which is presented
on smart board to help students on most confusing topics such as the name and
functions of robotic pieces might be beneficial during the activities. If an interactive
presentation tool is not provided in the learning environment, a worksheet may be

prepared for groups to solve problems with the recall of confusing subjects.
3.2. Address Common Challenges

Prevent Noise: The noise as a result of group works is one of the important
challenges of the problem-solving activities. It is very closely linked to the
interactions of students in groups and other groups. Moreover, the voice of
technological devices such as the buzzer of the robot could be another source of this
challenge. In order to prevent this contextual problem, a rule should be put into the
prescriptions of the activities with other activity rules. Additionally, various

warnings should be announced to the students during the activities.

Overcome Group Problems: The intragroup problems are enough to disrupt the
positive climate and the effects of collaborative learning environments of the
problem-solving activities. These problems have mostly arisen as conflicts in groups,
negligence of duty, disengagement from group, and mobbing between group
members. Groups should be monitored on an ongoing basis against these group
problems and, when such problems are noticed, they should be resolved. In addition,

the groups might be encouraged to prepare their own group contracts including all
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group problems before the activities. These contracts may be visited by the students

during the problem-solving process, when they have such group problems.

Distribute Stationery Materials: The distribution of the stationery materials in the
production phase is another major problematic issue during the problem-solving
activities. During the distribution of these materials to students, as well as other
resources, a method based on lot should definitely be preferred rather than random
based distribution.

4. Evaluation Phase
4.1. Create Credibility

Take Goals: The problem-solving activities have general (problem-solving,
developing product, use of educational robots) and specific activity-based goals
(upgrade robots, protect people, and protect the environment). These goals can be

used in the assessment of the students’ outcomes from the activities.

Use Tools: In the assessment process, the activity sheets, reflection papers, and peer
evaluation forms that will be made ready before the activities may also be utilized at

the end of the problem-solving activities.
4.2. Present solutions

Guarantee Success Feeling: Activities inspire students by providing them with
feelings of success, since they have solved a problem as a result of their activities.
Moreover, they develop a hands-on product as a solution to an ill-structured problem
during the activities. This concrete aspect of the activities may promote satisfaction
to the students. In some cases, however, students have not been able to solve the
problem and develop a product at the end of the activity. It should not be forgotten
in those cases that even if the students do not produce solutions, they deserve this

feeling as a result of their efforts in the activities.

Admit Explanations: The students should be encouraged to explain their solutions

at the end of the problem-solving activities. These explanations may be design-
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related and/or the technical explanations for others. Regardless of their effectiveness,
solutions to ill-structured problems should be presented to some/all people in the
classroom or to others in the schools. According to Williams et al. (2007), such
presentations contribute to the acquisition of content knowledge by students who

have not been adequately engaged in the design challenges of the activities.
5. Closure Phase
5.1.Verify Participation

Provide Certificate: At the end of implementation it is advisable to carry out a
closure program in which the teacher gives the participating students a certificate of
attendance for the problem-solving activities. This certificate can be accepted as an

award by students who deserve to be celebrated for their participation.

5.2 Implications and Suggestions for Practice

Although the findings of the current study are not appropriate for generalizations
beyond the activities preprepared, the following recommendations are made to the
stakeholders of the activities (instructional designers, teachers, students, school
administrators, parents, and robot manufacturers) for the implementation of these or

similar activities in similar contexts.
For instructional designers;

e The learning environment might be designed according to the students'
collaborative interactions in problem-solving activities. In particular, the
layout of the island laboratory appears to be more appropriate for group
works comprising three or four members. The activities might therefore be
carried out with this or similar layouts, which enable students to work
together on ill-structured problem-solving activities as a group. In addition,
a special area for testing robots in this layout might be provided because

robots need to move around in some activity solutions.
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Emotional routers in the content of the problem scenarios or introduction
videos of activities could adversely influence students’ motivation during the
problem-solving activities. In preparing these vital components of activities,
great attention might be paid to the removal of these potential emotional

routers.

The goals of the problem-solving activities classified as general and activity-
based may guide the development of non-evaluative learning environments,
as well as others that need to assess the student learning outcomes by defining

the objectives of problem-solving activities.

The dynamic structure of problem-solving activities is closely linked to the
solution proposal creation process of the students. In order to increase the
level of this dynamic structure, the solution proposal creation process might

be supported by some instructional methods during the activity process.

Several intragroup problems may be encountered during the implementation
of the problem-solving activities. Some of these problems, such as conflicts
in groups, negligence of duty, disengagement from group, and mobbing
between group members might be prevented by group contracts prepared by

group members before the activities.

For teachers;

The teachers may want to use the activities and guideline prepared for the
implementation of the problem-solving activities. A short version of it (in
Turkish) is therefore attached to Appendix U. In addition, a sample activity
sheet and scenarios used in the activities can also be found in the appendices
of the study. All these ready activities and related tools can be used during

the implementation of the problem-solving activities in similar contexts.

The motivation of the students is one of the most important enablers of the
problem-solving activities. Specifically, the entertaining aspect of the

activities, facilitative resources, and feeling of satisfaction might be used to
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motivate the students while they are solving ill-structured problems in

activities.

High level of readiness is required for the problem-solving activities in terms
of both pre-requisites and previous instruction prior to activities. Students
must reach this level of readiness in order to best take advantage of the

activities.

One of the major obstacles for the ill-structured problem solving activities is
student misconceptions in previous instruction. Teachers may therefore be
able to check and correct these misconceptions prior to implementation

process.

Teacher guidance is the most needed assistance for the students during the
problem-solving process. Therefore, one should be very active during the
activity process and take care of each group of students equally. Accordingly,
effective communication with students is needed since they are expected to

feel free to ask questions about their work.

It is very difficult to observe in-group interactions during activities.
Therefore, undesired interactions within the group could be identified using
forms such as activity reflections and peer review provided to students after
the problem-solving activities. In this way, problems that could grow within

the group are predicted and prevented before the following activities.

As disengagement from groups is a very common occurrence during the
activities, the teacher who faces such challenges might prepare an
environment in which such problems can be discussed between the members

of the group and advise them to respect the opinions of group mates.

Peer guidance is one of the key enablers of ill structured problem-solving
activities. Therefore, students may be encouraged to be open to
communication with other students, to reach consensus with others, and to

work collaboratively with group mates during the problem-solving process.
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e While students are performing their tasks during the problem-solving process
in according with the division of labor that they established, some group
members may not allow others to contribute to the tasks. In such cases, the
teacher might encourage students to work according to the division of labor
within their groups.

e Problem-solving activities are conveyed to families by the students in various
ways. Therefore, the teacher might inform the parents about problem-solving

activities in advance of the implementation process.
For school administrators and policy makers;

e The school administration might take these activities into account while
setting the course schedule, so that the hours of the course could be set one
after the other. In this way, the situation of students who cannot participate
in activities between the course hours might be minimized as possible.

e A flexible schedule might be established for the problem-solving activities
for possible external challenges such as mock exams. In addition, the
administrative tasks for the teacher should not interrupt the activity process.
These tasks might be given to the teacher outside the time of problem-solving

activities.

e Some of the students may be demoralized with the idea that their solutions to
ill-structured problems are not used in reality. These solutions can be brought
together with other students, teachers, parents, and experts from different
sectors with an exhibition at the school. Thus, students might get the

impression that the solutions they find are worthwhile.

e The hand skills of the students are very important for the development of a
product as the solution of the ill-structured problems during the activities.
However, students may not be able to use some of the stationery materials

during the production phase. Therefore, subjects that will improve these
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skills might be included in the curriculum of the relevant elementary or

middle school courses.

For robot manufacturers;

5.3

Laboratories in educational environments may be equipped with computers
with different hardware and software for economic reasons. Taking this into
account, the robot industry should produce educational robots that can work
smoothly with different operating systems and hardware.

The robot industry might produce more durable and quieter robots, as broken
robot parts are one of the greatest obstacles encountered during the
implementation process of the problem-solving activities. Furthermore,
because the activities are carried out with many groups in a collaborative
environment and all the students are highly active in this environment, there
will already be a noise problem. The sounds made by robot parts, such as
buzzers, can make this environment even louder, so that quieter educational

robots are needed in learning environments.

Implications and Suggestions for Further Research

The current study has revealed guidelines for problem-solving activities in
which middle school students solve ill-structured science problems with
educational robots. However, they should be improved with further studies
in order to develop an instructional design theory for such learning

environments.

The contributions of the problem-solving activities to the students were
mostly determined by their own statements (rather than outcomes related to
science and algorithmic achievement). These areas of contributions should
be investigated by experimental studies to test whether or not there is a

significant effect.

391



Future research might use different robot kits in the problem-solving

activities since some of the findings could be tool-based in the current study.

Some of the findings of the study are concerning the visual programming
used to program the robots during the problem-solving process of ill-
structured problems. This programming platform was used as it is more
suitable for the development of students. Further studies can be conducted
with the same editor but using its syntax-based programming platform in

higher grades.

The effects of the problem-solving activities on academic achievement for
science and algorithm were found different for two cycles of the
implementation. As the grade levels were different for these two cycles, one
of the potential reasons might be that these activities are more effective for
recall of the subjects. Therefore, more studies might explore this possible
reason. Another potential reason could also be gender discrimination in the
form of second-school classrooms. The effects of the activities should
therefore be examined by considering students' gender in future

investigations.

Two cycles of the implementation of problem-solving activities were carried
out in different public school contexts in Turkey. One of these schools was a
vocational school, while the other one was a middle school. There were both
similar and different findings for these schools in this study. These findings
can be compared with the findings of a future study conducted in a private
school context.

The ill-structured problems in the activities were created on the basis of
subjects covered by the science course in the middle school curriculum.
Further studies may be conducted with similar problems related to other

courses, such as social science, in the same curriculum.
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During the problem-solving activities, the researcher played an active role
like the teacher. In particular, he guided the students, answered their
questions, and solve the faced problems during the implementation process.
The future investigations can be done by isolating the researcher from the
process of problem-solving activities to see the impact of researcher on the

findings clearly.

393






REFERENCES

Agatolio F., Pivetti M., Di Battista S., Menegatti E., Moro M. (2017) A Training
Course in Educational Robotics for Learning Support Teachers. In: Alimisis
D., Moro M., Menegatti E. (eds) Educational Robotics in the Makers Era.
Advances in Intelligent Systems and Computing (vol 560). Springer, Cham.
https://doi.org/10.1007/978-3-319-55553-9 4

Aho, A. V. (2012). Computation and computational thinking. Computer Journal,
55(7), 833-835. d0i:10.1093/comjnl/bxs074

Alimisis, D. (2013). Educational robotics: Open questions and new challenges.
Themes in Science and Technology Education, 6(1), 63-71. Retrieved from
http://earthlab.uoi.gr/theste/index.php/theste/article/view/119

Alimisis, D., Alimisi, R., Loukatos, D., & Zoulias, E. (2019). Introducing Maker
Movement in Educational Robotics: Beyond Prefabricated Robots and “Black
Boxes.” Smart Learning with Educational Robotics. doi:10.1007/978-3-030-
19913-5 4

Alshehri, M. (2019). Empowering Stem Education With Innovative Learning
Through Through Educational Robotics. Proceedings of Researchfora 36
International Conference, New York, USA, 16 -17 December, 2018

Angel-Fernandez, J. M., & Vincze, M. (2018). Towards a definition of educational
robotics. In Austrian Robotics Workshop 2018 (p. 37).

Angela, F., Sanchez, B., Lucia, M., Morales, C., Hurtado, J. A., Sanchez, C. O.,
Lopez, M. (2017). Using Robotics To Generate Collaborative Learning ,
Through The Cdio Initiative. In Proceedings Of the 13th International Cdio
Conference.

Angeli, C., Voogt, J., Fluck, A., Webb, M., Cox, M., Maly-Smith, J., & Zagami, J.
(2016). A K-6 Computational Thinking Curriculum Framework: Implications
for Teacher Knowledge. Educational Technology & Society, 19(3), 47-57.

Aratijo, U. F. (2019). 3D Immersive Platforms and Problem- Based Learning
Projects: A Search for Quality in Education. The Wiley Handbook of
Problem- Based Learning, 575-591.

Assaf, D. (2014). Enabling rapid prototyping in K-12 engineering education with
BotSpeak, a universal robotics programming language. In Proceedings of 4th
international workshop teaching robotics, teaching with robotics & 5th
international conference robotics in education (pp. 19-26).

395



Atmatzidou, S., & Demetriadis, S. (2014). How to Support Students ’
Computational Thinking Skills in Educational Robotics Activities. In
Teaching with Robotics & 5th International Conference Robotics in Education
(pp. 43-50).

Atmatzidou, S., & Demetriadis, S. (2017). A Didactical Model for Educational
Robotics Activities: A Study on Improving Skills Through Strong or Minimal
Guidance. Advances in Intelligent Systems and Computing (\ol. 560).
d0i:10.1007/978-3-319-55553-9 5

Atmatzidou, S., Demetriadis, S., & Nika, P. (2018). How Does the Degree of
Guidance Support Students” Metacognitive and Problem Solving Skills in
Educational Robotics? Journal of Science Education and Technology, 27(1),
70-85. doi:10.1007/s10956-017-9709-x

Attaway, S., & Matlab, T. E. (2013). A practical introduction to programming and
problem solving. Editorial: Butterworth-Heinemann, 123850819.

Babbie, E. (2007). The practice of social research (11th ed.). Belmont, CA:
Thomson Wadsworth.

Balogh, R., & Petrovi¢, P. (2020). Robot league — A unique on-line robotics
competition. In Advances in Intelligent Systems and Computing.
d0i:10.1007/978-3-030-26945-6_31

Barak, M., & Assal, M. (2018). Robotics and STEM learning: students’
achievements in assignments according to the P3 Task Taxonomy—practice,
problem solving, and projects. International Journal of Technology and
Design Education, 28(1), 121-144. doi:10.1007/s10798-016-9385-9

Barker, B., & Ansorge, J. (2007). Robotics as means to increase achievement
scores in an informal learning environment. Journal of Research on
Technology in Education, 39(3), 229-243. doi:Article

Barr, V., Stephenson, C., & Barr, B. V. (2011). Bringing computational thinking to
K-12: what is Involved and what is the role of the computer science education
community? ACM Inroads, 2(1), 48-54. doi:10.1145/1929887.1929905

Barreto, F., & Benitti, V. (2012). Computers & Education Exploring the
educational potential of robotics in schools : A systematic review. Computers
& Education, 58(3), 978-988. doi:10.1016/j.compedu.2011.10.006

Barrows, H. S., & Tamblyn, R. M. (1980). Problem-based learning: An approach
to medical education (Vol. 1). Springer Publishing Company.

Bédard, D., Moallem, M., Hung, W., & Dabbagh, N. (2019). PBL in Medical
Education (pp. 459-482). doi:10.1002/9781119173243.ch20

396



Beecher, K. (2017). Computational Thinking: A Beginner’s Guide to Problem-
Solving and Programming. BCS Learning & Development Limited. Retrieved
from https://books.google.com.tr/books?id=bswFMQAACAAJ

Bellas, F., Salgado, M., Blanco, T. F., & Duro, R. J. (2019). Robotics in Primary
School: A Realistic Mathematics Approach. In Smart Learning with
Educational Robotics. doi:10.1007/978-3-030-19913-5 6

Benitti, F., & Spoladr, N. (2017). How have robots supported STEM teaching? In
Robotics in STEM Education: Redesigning the Learning Experience (pp. 103—
129). doi:10.1007/978-3-319-57786-9_5

Beran, T. N., Ramirez-Serrano, A., Kuzyk, R., Fior, M., & Nugent, S. (2011).
Understanding how children understand robots: Perceived animism in
childrobot interaction. International Journal of Human Computer Studies,
69(7-8), 539-550. doi:10.1016/j.ijhcs.2011.04.003

Berg, B. L., Lune, H., & Lune, H. (2004). Qualitative research methods for the
social sciences (Vol. 5). Boston, MA: Pearson.

Berland, M., & Lee, V. R. (2011). Collaborative Strategic Board Games as a Site
for Distributed Computational Thinking. International Journal of Game-
Based Learning, 1(2), 65-81. doi:10.4018/ijghl.2011040105

Bers, M. U., Flannery, L., Kazakoff, E. R., & Sullivan, A. (2014). Computational
thinking and tinkering: Exploration of an early childhood robotics curriculum.
Computers and Education, 72, 145-157. doi:10.1016/j.compedu.2013.10.020

Bilbao, J., Garcia, O., Rebollar, C., Bravo, E., & Varela, C. (2016). Behaviors that
Computational Thinking involves. International Journal of Internet of Things
and Web Services, 1, 1-7.

Birol, S. S., & Aydin, E. (2019). Kurulusundan Bugiine Genglik Hizmetleri Genel
Miidiirliigiiniin Sunmus Oldugu Rekreatif Hizmetlerin Incelenmesi. Journal of
International Social Research, 12(66), 1474-1485.
d0i:10.17719/jisr.2019.3686

Blancas, M., Valero, C., Mura, A., Vouloutsi, V., & Verschure, P. F. M. J. (2020).
“CREA”: An inquiry-based methodology to teach robotics to children. In
Advances in Intelligent Systems and Computing. doi:10.1007/978-3-030-
26945-6_4

Blanchard, S., Freiman, V., & Lirrete-Pitre, N. (2010). Strategies used by
elementary schoolchildren solving robotics-based complex tasks: Innovative
potential of technology. Procedia-Social and Behavioral Sciences, 2(2), 2851-
2857.

397



Blankenship, J. (2014). Robotbasic in The Classroom. The De Morgan Gazette, pp.
5-18.

Bransford, J., & Stein, B. (1993). The Ideal Problem Solver. Centers for Teaching
and Technology - Book Library. doi:10.1109/ISSNIP.2007.4496930

Bruner, J. S. (1999). The Process of Education. Cambridge, London: Harvard
University Press (25th ed.). London: Harvard University Press. Retrieved
from http://beceneslp.edu.mx/PLANES2012/3er Sem/Ingl?s Al/Material/2/F)
bruner_discovery_learning.pdf

Carbonaro, M., Rex, M., & Chambers, J. (2004). Exploring middle school
children’s problem solving during robot construction tasks. In Society for
Information Technology & Teacher Education International Conference (pp.
4546-4550).

Castledine, A., & Chalmers, C. (2011). LEGO Robotics : An authentic problem
solving tool ? Design and Technology Education: An International Journal,
16(3), 19-27.

Catlin, D. (2017). 29 effective ways you can use robots in the classroom an
explanation of era pedagogical principle. Advances in Intelligent Systems and
Computing. doi:10.1007/978-3-319-55553-9_10

Catlin, D., Kandlhofer, M., Holmquist, S., Csizmadia, A. P., Angel-Fernandez, J.,
& Cabibihan, J. (2018). Edurobot taxonomy and Papert’s
paradigm. Constructionism, 151-159.

Catlin, D., & Woollard, J. (2014). Educational Robots and Computational
Thinking. In 4th International Workshop Teaching Robotics, Teaching with
Robotics & 5th International Conference Robotics in Education.

Cavas, B., & Kesercioglu, T. (2012). The effects of robotics club on the students’
performance on science process & scientific creativity skills and perceptions
on robots, human and society. 3rd International Workshop, Teaching
Robotics, Teaching with Robotics.

Cavas, B., Kesercioglu, T., Holbrook, J., Rannikmae, M., Ozdogru, E., & Gokler,
F. (2012). The effects of robotics club on the students’ performance on
science process & scientific creativity skills and perceptions on robots, human
and society. In 3rd International Workshop, Teaching Robotics, Teaching with
Robotics (pp. 40-50). Retrieved from
http://www.terecop.eu/TRTWR2012/trtwr2012_submission_06.pdf

Chalmers, C., & Nason, R. (2017). Systems thinking approach to robotics

curriculum in schools. In Robotics in STEM Education: Redesigning the
Learning Experience. doi:10.1007/978-3-319-57786-9 2

398



Chaudhary, V., Agrawal, V., Sureka, P., & Sureka, A. (2016). An Experience
Report on Teaching Programming and Computational Thinking to Elementary
Level Children Using Lego Robotics Education Kit. In 2016 IEEE Eighth
International Conference on Technology for Education (T4E) (pp. 38-41).
IEEE. d0i:10.1109/T4E.2016.016

Chen, C. H. (2010). Promoting college students’ knowledge acquisition and ill-
structured problem solving: Web-based integration and procedure prompts.
Computers and Education, 55(1), 292—-303.
doi:10.1016/j.compedu.2010.01.015

Cheng, Y. W., Sun, P. C., & Chen, N. S. (2018). The essential applications of
educational robot: Requirement analysis from the perspectives of experts,
researchers and instructors. Computers and Education, 126(August 2017),
399-416. doi:10.1016/j.compedu.2018.07.020

Chetty, J. (2015a). Lego © Mindstorms : Merely a Toy or a Powerful Pedagogical
Tool for Learning Computer Programming ? In Proceedings of the 38th
Australasian Computer Science Conference (ACSC 2015) (pp. 111-118).

Chetty, J. (2015b). The notion of Lego © Mindstorms as a powerful pedagogical
tool : Scaffolding learners through computational. The Independent Journal of
Teaching and Learning, 10(1), 69-84.

Chetty, J. (2017). Combatting the War Against Machines: An Innovative Hands-on
Approach to Coding. In Robotics in STEM Education: Redesigning the
Learning Experience (pp. 59-83). doi:10.1007/978-3-319-57786-9_3

Chiang, Y. V., Zheng, Y.-J., Cheng, Y.-W., & Chen, N.-S. (2020). Analyzing
learners’ English learning process involving educational robots and IoTbased
toys through the lens of zone of proximal development, 213-215.
doi:10.1109/icalt49669.2020.00069

Ching, Y. H., Yang, D., Wang, S., Baek, Y., Swanson, S., & Chittoori, B. (2019).
Elementary School Student Development of STEM Attitudes and Perceived
Learning in a STEM Integrated Robotics Curriculum. TechTrends, 63(5),
590-601. d0i:10.1007/s11528-019-00388-0

Chung, C. (2009). Robofest 2009 Official Report. Retrieved from
https://www.robofest.net/2009/robofest09report.pdf

Chung, C. J., Cartwright, C., & DeRose, J. (2017). Robotics Festival and
Competitions Designed for STEM+C Education. In M. S. Khine (Ed.),
Robotics in STEM Education: Redesigning the Learning Experience (pp. 131-
170). doi:10.1007/978-3-319-57786-9_6

399



Cohen, L., Manion, L., & Morrison, K. (2007). Observation. Research methods in
education, 6, 396-412.

Connell, A., & Edwards, A. (2014). Managing the Computing classroom
environment to improve learning. In A Practical Guide to Teaching
Computing and ICT in the Secondary School (pp. 71-81). Routledge.

Connell, A., Edwards, A., Hramiak, A., Rhoades, G., & Stanley, N. (2015). A
Practical Guide to Teaching Computing & ICT in the Secondary School (2nd
ed.). Oxon: Routledge.

Creswell, J. W. (2007). Qualitative inquiry and research design: Choosing among
five approaches (2nd ed.). Sage Publications, Inc.

Creswell, J. W. (2012). Educational research: Planning, conducting, and
evaluating quantitative and qualitative research. (pp. 146-166). Upper Saddle
River, NJ: Prentice Hall.

Csizmadia, A., Curzon, P., Dorling, M., Humphreys, S., Ng, T., Selby, C., &
Woollard, J. (2015). Computational thinking A guide for teachers. Retrieved
from http://computingatschool.org.uk/computationalthinking

CSTA, & ISTE. (2011). Computational Thinking in K-12 Education leadership
toolkit. Computer Science Teachers Association (CSTA) and the International
Society for Technology in Education (ISTE). Retrieved from
http://www.iste.org/docs/ct-documents/ct-leadershipt-
toolkit.pdf?sfvrsn=4%0Ahttp://www.iste.org/learn/computational-thinking

Curzon, P., Dorling, M., Selby, C., & Woollard, J. (2014). Developing
computational thinking in the classroom: a framework. Computing at School.
Retrieved from
http://eprints.soton.ac.uk/369594/10/DevelopingComputational ThinkingInThe
ClassroomaFramework.pdf

Daniela, L. (2019). Smart Learning with Educational Robotics. Springer
International Publishing.

Daniels, M., Carbone, A., Hauer, A., & Moore, D. (2007, October). Panel-IlI-
structured problem solving in engineering education. In 2007 37th Annual
Frontiers In Education Conference-Global Engineering: Knowledge Without
Borders, Opportunities Without Passports (pp. F3F-1). IEEE.

Davison, D. P., Wijnen, F. M., van der Meij, J., Reidsma, D., & Evers, V. (2019).
Designing a Social Robot to Support Children’s Inquiry Learning: A
Contextual Analysis of Children Working Together at School. International
Journal of Social Robotics, 12(4), 883-907. doi:10.1007/s12369-019-00555-6

400



Delisle, R. (1997). How to use problem-based learning in the classroom. ACSD.

Duncker, K. (1945). On problem-solving. Psychological Monographs, 58(5), i—
113. doi:10.1037/h0093599

Dwivedi, S., & Dwivedi, R. (2017). Your guide to Excel in First Lego League:
Robot Architecture, Design, Programming and Game Strategies.

Eguchi, A. (2014a). Learning Experience Through RoboCupJunior: Promoting
STEM Education and 21st Century Skills with Robotics Competition. In
Society for Information Technology & Teacher Education International
Conference (pp. 87-93).

Eguchi, A. (2014b). Robotics as a Learning Tool for Educational Transformation.
In 4th International Workshop Teaching Robotics, Teaching with Robotics &
5th International Conference Robotics in Education (pp. 27-34).
d0i:10.4018/978-1-4666-8363-1.ch002

Eguchi, A. (2016). RoboCupJunior for promoting STEM education, 21st century
skills, and technological advancement through robotics competition. Robotics
and Autonomous Systems, 75, 692-699. doi:10.1016/j.robot.2015.05.013

Eguchi, A. (2017). Bringing Robotics in Classrooms. In Robotics in STEM
Education (pp. 3-31). Cham: Springer International Publishing.
doi:10.1007/978-3-319-57786-9 1

Engel, A. (1998). The Invariance Principle. In Problem-Solving Strategies (pp. 1-
23). New York, NY: Springer New York. doi:10.1007/0-387-22641-9_2

Ersoy, H., Madran, R. O., & Giilbahar, Y. (2011). Programlama Dilleri Ogretimine
Bir Model Onerisi : Robot Programlama. In Akademik Bilisim’11 - XIII.
Akademik Bilisim Konferansi (pp. 731-736).

Falloon, G. (2015). Building Computational Thinking Through Programming in K-
6 Education : a New Zealand Experience. In Proceedings of EDULEARN15
Conference (pp. 882-892).

Felicia, A., & Sharif, S. (2014). A review on educational robotics as assistive tools
for learning mathematics and science. Int. J. Comput. Sci. Trends
Technol, 2(2), 62-84.

Fonteijn, H. T. H., & Dolmans, D. H. J. M. (2019). Group Work and Group
Dynamics in PBL. In The Wiley Handbook of Problem- Based Learning (pp.
199-220). Wiley. doi:10.1002/9781119173243.ch9

Fraenkel, J., Wallen, N., & Hyun, H. (2011). How to design and evaluate research
in education (Vol. 7). New York: McGraw-Hill.

401



Geist, E. (2016). Robots, Programming and Coding, Oh My! Childhood Education,
92(4), 298-304. doi:10.1080/00094056.2016.1208008

Gibbon, L. W. (2007). Effects of LEGO Mindstorms on Convergent and Divergent
Problem-Solving and Spatial Abilities in Fifth and Sixth Grade Students.
Seattle Pacific University.

Glasersfeld, E. von. (1998). Why constructivism must be radical. In M. Larochelle,
N. Bednarz, & J. Garrison (Eds.), Constructivism and Education (pp. 23-28).
New York, NY: Cambridge University Press.
doi:10.1017/CB0O9780511752865.003

Goel, V. (1992). Comparison of Well-Structured & Ill-Structured Task
Environments and Problem Spaces. In Fourteenth Annual Conference of the
Cognitive Science Society. Hillsdale, NJ: Erlbaum.

Gonzalez, E., De La Pena, A., Cortés, F., Molano, D., Baron, B., Gualteros, N.,
Parra, C. (2020). Robotic theater: An architecture for competency based
learning. In Advances in Intelligent Systems and Computing. doi:10.1007/978-
3-030-26945-6_12

Gonzalez, Y. A. C., & Mufioz-Repiso, A. G. V. (2017). Development of
computational thinking and collaborative learning in kindergarten using
programmable educational robots: A teacher training experience. ACM
International Conference Proceeding Series, Part F1322, 1-6.
d0i:10.1145/3144826.3145353

Gorakhnath, 1. (2018). Educational Robotics in Teaching Learning Process. Online
International Interdisciplinary Research Journal, 7(2), 161-168.

Grant, M. M., & Tamim, S. R. (2019). PBL in K-12 Education. In The Wiley
Handbook of Problem- Based Learning (pp. 221-243). Wiley.
d0i:10.1002/9781119173243.ch10

Grover, S., & Pea, R. (2013). Computational Thinking in K-12 A Review of the
State of the Field. Educational Researcher, 42(38), 38—43.
d0i:10.3102/0013189X12463051

Gura, M. (2011). Getting Started with LEGO Robotics: A Guide for K-12
Educators (1st ed.). International Society for Technology in Education.
Retrieved from https://books.google.com.tr/books?id=vkHMTgEACAAJ

GURKANLLI, C. H. (2018). Exploring design requirements for educational robots
used in K-12 education from educator’s perspective. Middle east technical
university.

402



Gyebi, E., Hanheide, M., & Cielniak, G. (2017). The Effectiveness of Integrating
Educational Robotic Activities into Higher Education Computer Science
Curricula: A Case Study in a Developing Country. Advances in Intelligent
Systems and Computing (Vol. 560). doi:10.1007/978-3-319-55553-9 6

Hamrick, T. R., & Hensel, R. A. M. (2013). Putting the Fun in Programming
Fundamentals - Robots Make Programs Tangible Putting the Fun in
Programming Fundamentals - Robots Make Programs Tangible. In American
Society for Engineering Education. Atlanta.

Hancock, D. R., & Algozzine, B. (2006). Doing case study research: A practical
guide for beginning researchers. Teachers College Press.

Harrison, J. P. (2010). Strategic planning and SWOT analysis. Essentials of
strategic planning in healthcare, 1(12), 91-108.

Highfield, K. (2010). Robotic toys as a catalyst for mathematical problem solving.
Australian Primary Mathematics Classroom, 15(2), 22—-28. Retrieved from
http://www.eric.ed.gov/ERICWebPortal/recordDetail?accno=EJ891802

Hong, J. C., Yu, K. C., & Chen, M. Y. (2011). Collaborative learning in
technological project design. International Journal of Technology and Design
Education, 21(3), 335-347. d0i:10.1007/s10798-010-9123-7

Huei, Y. C. (2014). Benefits and Introduction to Python Programming for
Freshmore Students Using Inexpensive Robots. In International Conference
on Teaching, Assessment, and learning for Engineering (IEEE).

Hung, W. (2015). Problem-based learning: Conception, practice, and future.
In Authentic problem solving and learning in the 21st century (pp. 75-92).
Springer, Singapore.

Hung, W. (2019). Problem design in PBL. The Wiley Handbook of Problem-
Based Learning, 249-272.

Hung, W., Moallem, M., & Dabbagh, N. (2019). Social Foundations of Problem-
Based Learning. The Wiley Handbook of Problem- Based Learning, 51-79.

Jaleniauskiené, E., & Juceviciené, P. (2018). Educational system for the
development of collaborative Ill-structured problem-solving
skills. Pedagogika, 132(4).

Jedrinovi¢, S., Savec, V. F., & Rugelj, J. (2018). Innovative and Flexible

Approaches to Teaching and Learning with ICT. In Digital Turn in Schools—
Research, Policy, Practice (pp. 171-186). Springer, Singapore.

403



Jin, Y. G., Chong, L. M., & Cho, H. K. (2012). Designing a robotics-enhanced
learning content for STEAM education. In 9th International Conference on
Ubiquitous Robots and Ambient Intelligence (pp. 433-436).
doi:10.1109/URAI.2012.6463032

Job, M. A., & Saeed, H. J. M. Al. (2016). The Impact of Lego Mindstorms NXT
Robot in Science on Sixth Grade Students in Bahrain. Computer Science &
Information Technology ( CS & IT ), 73-82. doi:10.5121/csit.2016.61307

Jomento-cruz, I. L. (2010). Robotics as a Means of Increasing Student Achievement
in Middle School Science. Louisiana State University

Jonassen, D. (2013). Designing constructivist learning environments. In
Instructional-Design Theories and Models: A New Paradigm of Instructional
Theory. doi:10.4324/9781410603784-16

Jonassen, D. H. (2004). Learning to solve problems: An instructional design
guide (Vol. 6). John Wiley & Sons.

Jonassen, D H. (2010). Learning to Solve Problems: A Handbook for Designing
Problem-Solving Learning Environments. Taylor & Francis. Retrieved from
https://books.google.com.tr/books?id=DrwuCgAAQBAJ

Jonassen, David H. (1997). Instructional design models for well-structured and ill-
structured problem-solving learning outcomes. Educational Technology
Research and Development. doi:10.1007/bf02299613

Jonassen, David H. (2010). Learning to Solve Problems. Learning to Solve
Problems: A Handbook for Designing Problem-Solving Learning
Environments. Routledge. doi:10.4324/9780203847527

Jonassen, David H., Howland, J., Moore, J., & Marra, R. M. (2003). Learning to
Solve Problems with Technology: A Constructivist Approach. Learning to
Solve Problems with Technology: A Constructivist Perspective.

Jonassen, D. H. (1997). Instructional design models for well-structured and I11-
structured problem-solving learning outcomes. Educational technology
research and development, 45(1), 65-94.

Kalelioglu, F., Giilbahar, Y., & Kukul, V. (2016). A Framework for Computational
Thinking Based on a Systematic Research Review. Baltic J . Modern
Computing, 4(3), 583-596.

Kamga, R., Romero, M., Komis, V., & Mirsili, A. (2017). Design Requirements for
Educational Robotics Activities for Sustaining Collaborative Problem
Solving. In Advances in Intelligent Systems and Computing (pp. 225-228).
doi:10.1007/978-3-319-55553-9 18

404



Kapur, M., & Kinzer, C. K. (2007). Examining the effect of problem type in a
synchronous computer-supported collaborative learning (CSCL) environment.
Educational Technology Research and Development, 55(5), 439-459.
d0i:10.1007/s11423-007-9045-6

Karim, M. E., Lemaignan, S., & Mondada, F. (2015, June). A review: Can robots
reshape K-12 STEM education?. In 2015 IEEE international workshop on
Advanced robotics and its social impacts (ARSO) (pp. 1-8). IEEE.

Karp, T., & Maloney, P. (2013). Exciting Young Students In Grades K-8 About
STEM Through An Afterschool Robotics Challenge. American Journal of
Engineering Education (AJEE), 4(1), 39-54. d0i:10.19030/ajee.v4il1.7857

Kazimoglu, C., Kiernan, M., Bacon, L., & MacKinnon, L. (2012). Learning
programming at the computational thinking level via digital game-play.
Procedia Computer Science, 9(2012), 522-531.
doi:10.1016/j.procs.2012.04.056

Keane, T., Chalmers, C., Williams, M., & Boden, M. (2016). The impact of
humanoid robots on students > computational thinking. In Australian Council
for Computers in Education Conference (ACCE) (pp. 93-102).

Khanlari, A. (2016). Teachers’ perceptions of the benefits and the challenges
of integrating educational robots into primary/elementary curricula. European
Journal of Engineering Education, 41(3), 320-330.
d0i:10.1080/03043797.2015.1056106

Kog Senol, A. (2012). Robotik Destekli Fen Ve Teknoloji Laboratuvar
Uygulamalari: Robolab. Erciyes Universitesi.

Kog Senol, A., & Biiyiik, U. (2015). Robotik Destekli Fen Ve Teknoloji
Laboratuvar Uygulamalari: Robolab. Electronic Turkish Studies, 10(3), 213—
236.

Koh, N.-K. (2015). The Retail Experience for Active Learning (REAL)
Experience. In Authentic Problem Solving and Learning in the 21st Century
(pp. 269-283). Springer.

Komis, V., Romero, M., & Misirli, A. (2017). A scenario-based approach for
designing educational robotics activities for co-creative problem solving.
Advances in Intelligent Systems and Computing. doi:10.1007/978-3-319-
55553-9 12

Krauss, J., & Prottsman, K. (2016). Computational Thinking and Coding for Every

Student: The Teacher’s Getting-Started Guide. SAGE Publications. Retrieved
from https://books.google.com.tr/books?id=V3RIDQAAQBAJ

405



Kubilinskiene, S., Zilinskiene, 1., Dagiene, V., & Sinkevicius, V. (2017). Applying
Robotics in School Education: a Systematic Review. Baltic Journal of Modern
Computing, 5(1), 50-69. doi:10.22364/bjmc.2017.5.1.04

L’Heureux, J., Boisvert, D., Cohen, R., & Sanghera, K. (2012). IT problem solving.
In 13th annual conference on Information technology education - SIGITE 12
(pp. 183-188). d0i:10.1145/2380552.2380606

Latip, A., & Hardinata, A. (2020). Implementation of STEM-Robotics as High
School Intra-curricular. Thabiea : Journal of Natural Science Teaching, 3(1),
11. doi:10.21043/thabiea.v3i1.6770

Leoste, J., & Heidmets, M. (2020). Bringing an educational robot into a basic
education math lesson. In Advances in Intelligent Systems and Computing.
doi:10.1007/978-3-030-26945-6_21

Lewis, J., & Ritchie, J., (Eds.). (2003). Qualitative research practice: A guide for
social science students and researchers. sage.

Li, X. U. (2020). Teaching Computational Thinking to Applied Science Majors:
What and How. CoolThink@ JC, 119.

Lima, P., & Custodio, L. (2005). RoboCup 2004 Overview. In D. Nardi, M.
Riedmiller, C. Sammut, & J. Santos-Victor (Eds.), RoboCup 2004: Robot
Soccer World Cup VI (pp. 1-17). Springer Berlin Heidelberg New York.
doi:10.1007/978-3-540-32256-6_1

Liu, E. Z. F. (2010). Early adolescents’ perceptions of educational robots and
learning of robotics. British Journal of Educational Technology, 41(3), 44-47.
d0i:10.1111/j.1467-8535.2009.00944.x

Ma, Y., & Williams, D. C. (2013). The Potential of a First LEGO League Robotics
Program in Teaching 21st Century Skills: An Exploratory Study. Journal of
Educational Technology Development and Exchange, 6(2).
doi:10.18785/jetde.0602.02

McGill, M. M. (2012). Learning to Program with Personal Robots: Influences on
Student Motivation. ACM Transactions on Computing Education, 12(1), 1-
32. d0i:10.1145/2133797.2133801

McNerney, T. S. (2004). From turtles to Tangible Programming Bricks:
Explorations in physical language design. Personal and Ubiquitous
Computing, 8(5), 326-337. d0i:10.1007/s00779-004-0295-6

MEB. (n.d.). Mesleki ve Teknik Egitim Genel Miidiirliigii Meb Robot Yarismasi.
Retrieved from http://robot.meb.gov.tr

406



MEB. (2016). T.C. Milli Egitim Bakanligi Strateji Geligtirme Baskanligi 2017 Yili
Performans Programi. Retrieved from
http://sgh.meb.gov.tr/meb_iys_dosyalar/2017_01/30154029 2017 _YYIY_Per
formans_ProgramY .pdf

MEB. (2020a). Mesleki Ve Teknik Egitim Genel Miidiirliigii 14. Uluslararasi Meb
Robot Yarigmasi. Retrieved from http://robot.meb.gov.tr

MEB. (2020b). T.C. Milli Egitim Bakanligi 2019 Yili Idare Faaliyet Raporu
Strateji. Retrieved from
https://sgb.meb.gov.tr/meb_iys_dosyalar/2020_03/12144540 28191618 Milli
_EYitim_BakanlYYY_2019 YYIY_Ydare Faaliyet Raporu_28.02.2020.pdf

Merriam, S. B. (2009). Qualitative research: A guide to design and
implementation. San Francisco, CA: Jossey-Bass.

Michaelson, G. (2015). Teaching programming with computational and
informational thinking. Journal of Pedagogic Development, 5(1), 51-66.

Mikropoulos, T. a, & Bellou, I. (2013). Educational Robotics as Mindtools. Themes
in Science & Technology Education., 6(1), 5-14. Retrieved from
http://eds.a.ebscohost.com/eds/detail?vid=4&sid=0ac195d1-3f80-4c6f-993d-
59bfb789cafc@sessionmgrd004&hid=4211&bdata=JnNpdGU9ZWRzLWxpd
mU=#db=ehh&AN=90148054

Mindetbay, Y., Bokhove, C., & Woollard, J. (2019). The Measurement of
Computational Thinking Performance Using Multiple-choice Questions E-
learning View project CPD AND INCLUSIVE EDUCATION View project.
Researchgate.Net. Retrieved from
https://www.researchgate.net/publication/334231099

Mitnik, R., Nussbaum, M., & Soto, A. (2008). An autonomous educational mobile
robot mediator. Autonomous Robots. doi:10.1007/s10514-008-9101-z

Mogos, R. I., Bodea, C. N., Dascalu, M. 1., Safonkina, O., Lazarou, E., Trifan, E.
L., & Nemoianu, I. V. (2018). Technology Enhanced Learning for Industry
4.0 Engineering Education. Revue Roumaine Des Sciences Techniques Serie
Electrotechnique et Energetique, 63(4), 429-435.

Mosley, P., & Kline, R. (2004). Engaging Students : A Framework Using LEGO ®
Robotics to Teach Problem Solving. Information Technology, Learning, and
Performance Journal, 24(1), 39-46.

Mubin, O., Stevens, C. J., Shahid, S., Mahmud, A. Al, & Dong, J.-J. (2013a). a
Review of the Applicability of Robots in Education. Technology for
Education and Learning, 1(1). doi:10.2316/journal.209.2013.1.209-0015

407



Mubin, O., Stevens, C. J., Shahid, S., Mahmud, A. Al, & Dong, J.-J. (2013b). A
Review Of The Applicability Of Robots In Education. Technology for
Education and Learning, 1(1), 1-7. doi:10.2316/Journal.209.2013.1.209-0015

Nelson, L. M. (1999). Collaborative problem solving. In C. M. Reigeluth (Ed.),
Instructional-Design Theories and Models: A New Paradigm of Instructional
Theory (pp. 241-269). London: Lawrence Erlbaum Associates.

Nugent, G., Barker, B., Grandgenett, N., & Adamchuk, V. (2009). The Use of
Digital Manipulatives in K-12 : Robotics , GPS / GIS and Programming. In
39th ASEE/IEEE Frontiers in Education Conference (pp. 1-6).

Oddie, A., Hazlewood, P., Blakeway, S., & Whitfield, A. (2010). Introductory
Problem Solving And Programming : Robotics Versus Traditional
Approaches. Italics, 9(2).

Oppliger, D. (2002). Using FIRST LEGO League to enhance engineering
education and to increase the pool of future engineering students (work in
progress). In 32nd Annual Frontiers in Education (Vol. 3, pp. S4D-54D).
doi:10.1109/FIE.2002.1158731

Osita, I. C., Onyebuchi, 1., & Justina, N. (2014). Organization’s stability and
productivity: the role of SWOT analysis an acronym for strength, weakness,
opportunities and threat. International Journal of Innovative and Applied
Research, 2(9), 23-32.

Pachidis, T., Vrochidou, E., Papadopoulou, C. I., Kaburlasos, V. G., Kostova, S.,
Bonkovi¢, M., & Papi¢, V. (2019). Integrating Robotics In Education And
Vice Versa; Shifting From Blackboard To Keyboard. International Journal of
Mechanics and Control, 20(1), 53-69.

Panayiotou, M., & Eteokleous-Grigoriou, N. (2017). Using LEGO mindstorms as
an instructional tool to teach science in primary education. Advances in
Intelligent Systems and Computing. doi:10.1007/978-3-319-55553-9_20

Papadakis, S., & Orfanakis, V. (2017). The combined use of lego mindstorms NXT
and app inventor for teaching novice programmers. Advances in Intelligent
Systems and Computing. doi:10.1007/978-3-319-55553-9 15

Papert, S. (1987). A new opportunity for science education. NSF Grant
Application.

Papert, S. (1991). Situating Constructionism. In Seymour Papert & 1. Harel (Eds.),
Constructionism (pp. 1-14). Ablex Publishing Corporation.

408



Papert, S. (1999). Introduction: What is Logo? And Who Needs It? In Logo
Philosophy and Implementation (pp. V-XVI). Logo Computer Systems Inc.
d0i:10.1111/j.1468-0149.1994.tb02396.x

Park, I., Kim, D., Oh, J., Jang, Y., & Lim, K. (2015). Learning effects of
pedagogical robots with programming in elementary school environments in
Korea. Indian Journal of Science and Technology, 8(26), 1-5.

Park, J. S., & Lenskiy, A. (2014). Mobile Robot Platform for Improving
Experience of Learning Programming Languages. Journal of Automation and
Control Engineering, 2(3), 265-269. doi:10.12720/joace.2.3.265-269

Parnin, C., & Orso, A. (2011). Are automated debugging techniques actually
helping programmers? In Issta (pp. 199-209). doi:10.1145/2001420.2001445

Pésztor, A., Pap-szigeti, R., & Torok, E. (2013). Mobile Robots in Teaching
Programming for IT Engineers and its Effects. International Journal of
Advanced Computer Science and Applications, 4(11), 162-168.

Polishuk, A., Verner, ., Klein, Y., Inbar, E., Mir, R., & Wertheim, 1. (2012). The
challenge of robotics education in science museums. The 4th Knowledge
Cities World Summit, 319.

Polya, G. (1957). How to solve it: A new aspect of mathematical method (2nd Ed.).
Princeton, N.J: Princeton University Press.

Pritchard, A., & Woollard, J. (2010). Psychology for the Classroom:
Constructivism and Social Learning. Psychology for the Classroom:
Constructivism and Social Learning. New York, NY: Routledge.
d0i:10.4324/9780203855171

Reigeluth, C. M. & Frick, T. W., (1999). Formative research: A methodology for
creating and improving design theories. Instructional-design theories and
models: A new paradigm of instructional theory, 2, 633-652.

Rob, M., & Rob, F. (2018). Dilemma between constructivism and constructionism:
Leading to the development of a teaching-learning framework for student
engagement and learning. Journal of International Education in Business.
d0i:10.1108/JIEB-01-2018-0002

Robertson, S. 1. (2001). Problem Solving. Philadelphia, PA: Psychology Press.

Roussou, E., & Rangoussi, M. (2019). On the use of robotics for the development
of computational thinking in kindergarten: educational intervention and
evaluation. In International Conference on Robotics and Education RiE 2017
(pp. 31-44). Springer.

409



Ruiz-del-Solar, J., & Avilés, R. (2004). Robotics courses for children as a
motivation tool: The Chilean experience. IEEE Transactions on Education,
47(4), 474-480. doi:10.1109/TE.2004.825063

Ryberg, T. (2019). PBL and networked learning: Potentials and challenges in the
age of mass collaboration and personalization. The Wiley Handbook of
Problem- Based Learning, 593-615.

Scaradozzi, D., Cesaretti, L., Screpanti, L., Costa, D., Zingaretti, S., & Valzano, M.
(2019). Innovative Tools for Teaching Marine Robotics, 10T and Control
Strategies Since the Primary School (pp. 199-227). doi:10.1007/978-3-030-
19913-5 8

Schleter, W., & Biegalski, A. (2015). Implementing a Robotic Programming
Project in a First Semester “ Programming for Engineers ” Course . In 7th
First Year Engineering Experience (FYEE) Conference (pp. 1-4).

Schunk, D. H. (2012). Learning theories: An educational perspective. Pearson
Education (6th ed., Vol. 5). Boston,MA: Pearson Education, Inc. Retrieved
from http://www.amazon.com/Learning-Theories-Educational-Perspective-
6th/dp/0137071957

Selby, C. C., & Woollard, J. (2014). Refining an Understanding of Computational
Thinking. Author’s Original, (2006), 1-23.

Sengupta, P., Kinnebrew, J. S., Basu, S., Biswas, G., & Clark, D. (2013).
Integrating computational thinking with K-12 science education using agent-
based computation: A theoretical framework. Education and Information
Technologies, 18(2), 351-380. d0i:10.1007/s10639-012-9240-x

Sergeyev, A. (2017). Meeting Twenty-first Century Robotics and Automation
Workforce Needs in the USA. In Robotics in STEM Education (pp. 171-194).
Cham: Springer International Publishing. doi:10.1007/978-3-319-57786-9 7

Sheh, R. K., Eguchi, A., Komsuoglu, H., & Jacoff, A. (2017). The Open Academic
Robot Kit. In Robotics in STEM Education (pp. 85-100). Cham: Springer
International Publishing. doi:10.1007/978-3-319-57786-9_4

Shim, J., Kwon, D., & Lee, W. (2017). The Effects of a Robot Game Environment
on Computer Programming Education for Elementary School Students, 60(2),
164-172.

Shin, N., Jonassen, D. H., & McGee, S. (2003). Predictors of well-structured and
ill-structured problem solving in an astronomy simulation. Journal of
Research in Science Teaching, 40(1), 6-33. doi:10.1002/tea.10058

410



Shute, V. J., Sun, C., & Asbell-Clarke, J. (2017). Demystifying computational
thinking. Educational Research Review. doi:10.1016/j.edurev.2017.09.003

Simon, H. A. (1973). The structure of ill structured problems. Artificial
Intelligence, 4(3-4), 181-201. doi:10.1016/0004-3702(73)90011-8

Simon, H. A., & Newell, A. (1971). Human problem solving: The state of the
theory in 1970. American Psychologist, 26(2), 145-159.
d0i:10.1037/h0030806

Sing, L. C. (1999). Problem-solving in a constructivist environment. Educational
Technology and Society, 2(4), 205-218.

Sisman, B., Kucuk, S., & Yaman, Y. (2020). The Effects of Robotics Training on
Children’s Spatial Ability and Attitude Toward STEM. International Journal
of Social Robotics. doi:10.1007/s12369-020-00646-9

Slangen, L., van Keulen, H., & Gravemeijer, K. (2011). What pupils can learn from
working with robotic direct manipulation environments. International Journal
of Technology and Design Education, 21(4), 449-469. doi:10.1007/s10798-
010-9130-8

Sockalingam, N. (2015). A Design Model for Problem-Based Learning. In D.
Kwek (Ed.), Authentic Problem Solving and Learning in the 21st Century (pp.
41-55). Singapore: Springer. doi:10.1007/978-981-287-521-1 3

Song, H. (2005). Motivating IlI-Structured Problem Solving in a Web-Based Peer-
Group Learning Environment: A Learning-Goal Perspective. Journal of
Educational Computing Research, 33(4), 351-367. doi:10.2190/BEPD-
ND3H-CXN4-GR30

Spector, J. M., & Kinshuk. (2011). Learning to Solve Problems in the Digital Age:
Introduction. In D. Ifenthaler, J. M. Spector, P. Isaias, & D. Sampson (Eds.),
Multiple Perspectives on Problem Solving and Learning in the Digital Age.
New York, NY: Springer New York. doi:10.1007/978-1-4419-7612-3

Spector, J. M., Lockee, B. B., Smaldino, S. E., & Herring, M. C. (2013). Mindtools
and problem solving: An introduction. In Learning, Problem Solving, and
Mindtools: Essays in Honor of David H. Jonassen.
d0i:10.4324/9780203111062

Stergiopoulou, M., Karatrantou, A., & Panagiotakopoulos, C. (2017). Educational
robotics and STEM education in primary education: A pilot study using the
H&S electronic systems platform. Advances in Intelligent Systems and
Computing. doi:10.1007/978-3-319-55553-9 7

411



Sullivan, A., Strawhacker, A., & Bers, M. (2017). Dancing, Drawing, and Dramatic
Robots: Integrating Robotics and the Arts to Teach Foundational STEAM
Concepts to Young Children. In Robotics in STEM Education: Redesigning
the Learning Experience (pp. 231-260). doi:10.1007/978-3-319-57786-9 10

Sullivan, F. R. (2008). Robotics and science literacy: Thinking skills, science
process skills and systems understanding. Journal of Research in Science
Teaching, 45(3), 373-394. doi:10.1002/tea.20238

Sullivan, F. R. (2017). The creative nature of robotics activity: Design and problem
solving. In Robotics in STEM Education: Redesigning the Learning
Experience. doi:10.1007/978-3-319-57786-9 9

Tan, O. S. (2003). Problem-based learning innovation. Singapore: Thomson.

Tani, J., Paull, L., Zuber, M. T., Rus, D., How, J., Leonard, J., & Censi, A. (2017).
Duckietown: An Innovative Way to Teach Autonomy. In Advances in
Intelligent Systems and Computing (pp. 104-121). doi:10.1007/978-3-319-
55553-9_8

Teknofest 2019. (2019). Teknofest. Retrieved from
https://teknofest.org/upload/ TEKNOFEST2019.pdf

Theodoropoulos, A., Antoniou, A., & Lepouras, G. (2017). Teacher and student
views on educational robotics: The Pan-Hellenic competition case.
Application and Theory of Computer Technology, 2(4), 1.
doi:10.22496/atct.v2i4.94

Theodosi, A. D., & Deli, E. S. (2017). Robotics Poetry. In Advances in Intelligent
Systems and Computing (pp. 237-241). doi:10.1007/978-3-319-55553-9 21

Tomiyama, T. (2006). Collaborative Product Development in IlI-Structured
Problem Domains. In 2006 10th International Conference on Computer
Supported Cooperative Work in Design (pp. 1-6). IEEE.
d0i:10.1109/CSCWD.2006.252999

Truglio, F., Marocco, D., Miglino, O., Ponticorvo, M., & Rubinacci, F. (2019).
Educational Robotics to Support Social Relations at School: Methods and
Applications for Teaching and Learning (pp. 168-174). doi:10.1007/978-3-
319-97085-1_17

Ucgiil, M. (2012). Design and development issues for educational robotics training
camps. Middle East Technical University.

Ucggiil, M. (2013). History and Educational Potential of LEGO Mindstorms NXT.
Mersin University Journal of the Faculty of Education, 9(2), 127-137.

412



Van Maanen, J. (1979). The fact of fiction in organizational ethnography.
Administrative science quarterly, 24(4), 539-550.

Varnado, T. E. (2005). The Effects of a Technological Problem Solving Activity on
FIRST ™ LEGO ™ League Participants ’ Problem Solving Style and
Performance. Virginia Polytechnic Institute and State University.

Varney, M. W., Janoudi, A., Aslam, D. M., & Graham, D. (2012). Building young
engineers: TASEM for third graders in woodcreek magnet elementary school.
IEEE Transactions on Education, 55(1), 78-82.
doi:10.1109/TE.2011.2131143

Veselovska, M., Kubincova, Z., & Mayerova, K. (2020). Comparison of lego wedo
2.0 robotic models in two different grades of elementary school. In Advances
in Intelligent Systems and Computing. doi:10.1007/978-3-030-26945-6_6

Veselovska, M., & Mayerova, K. (2017). Programming constructs in curriculum
for educational robotics at lower secondary school. Advances in Intelligent
Systems and Computing. doi:10.1007/978-3-319-55553-9 22

Voogt, J., Fisser, P., Good, J., Mishra, P., & Yadav, A. (2015). Computational
thinking in compulsory education: Towards an agenda for research and
practice. Education and Information Technologies, 20(4), 715-728.
d0i:10.1007/s10639-015-9412-6

Voskoglou, M. G., & Buckley, S. (2012). Problem Solving and Computers in a
Learning Environment. Egyptian Computer Science Journal ,ECS, 36(4), 28—
46.

Walter, Y., & Verner, 1. (2020). Cross-age mentoring to educate high-school
students in digital design and production. In Advances in Intelligent Systems
and Computing. doi:10.1007/978-3-030-26945-6_33

Whitehead, S. H. (2010). Relationship of robotic implementation on changes in
middle school students’ beliefs and interest toward science, technology,
engineering and mathematics. Indiana University of Pennsylvania. Retrieved
from http://search.proquest.com/docview/839881726?accountid=16369

Whittier, L. E., & Robinson, M. (2007a). Teaching Evolution to Non-English
Proficient Students by Using Lego Robotics. American Secondary Education,
35(3), 19-28.

Whittier, L. E., & Robinson, M. (2007b). Teaching Evolution To Non -English
Proficient Students By Using Lego Robotics. American Secondary Education,
35(3), 19-28.

413



Williams, D. C., Ma, Y., Prejean, L., Ford, M. J., & Lai, G. (2007). Acquisition of
Physics Content Knowledge and Scientific Inquiry Skills in a Robotics
Summer Camp. Journal of Research on Technology in Education, 40(2), 201—
216. d0i:10.1080/15391523.2007.10782505

Wing, J. M. (2006). Wing06-ct. Communications of the ACM, 49(3), 33-35.
doi:10.1145/1118178.1118215

Wing, J. M. (2008). Computational thinking and thinking about computing.
Philosophical Transactions of the Royal Society A: Mathematical, Physical
and Engineering Sciences, 366(1881), 3717-3725.
doi:10.1098/rsta.2008.0118

Xenos, M., Yiannoutsou, N., Grizioti, M., Kynigos, C., & Nikitopoulou, S. (2017).
Learning Programming with Educational Robotics: Towards an Integrated
Approach. In Advances in Intelligent Systems and Computing (\VVol. 560, pp.
215-222). doi:10.1007/978-3-319-55553-9 17

Xun, G., & Land, S. M. (2004). A conceptual framework for scaffolding Il1-
structured problem-solving processes using question prompts and peer
interactions. Educational Technology Research and Development, 52(2), 5—
22. doi:10.1007/BF02504836

Yang, K., Liu, X., & Chen, G. (2020). The influence of robots on students*
computational thinking: A literature review. International Journal of
Information and Education Technology, 10(8), 627—631.
doi:10.18178/ijiet.2020.10.8.1435

Yildirim, A., & Simsek, H. (2011). Sosyal Bilimlerde Nitel Arastirma Yontemleri.
Seckin Yayincilik. Ankara.

Yin, R.K. (2008) Case Study Research: Design and Methods. 4th Edition, Sage
Publications, Thousand Oaks.

Young, S. S. C., Wang, Y. H., & Jang, J. S. R. (2010). Exploring perceptions of
integrating tangible learning companions in learning English conversation:
Colloquium. British Journal of Educational Technology, 41(5), 78-83.
doi:10.1111/j.1467-8535.2009.00989.x

Yousuf, M. A., Chaveznava, R. M., & Hernandez, V. D. C. (2006). Robotic
projects to enhance student participation , motivation and learning. In Current
Developments in Technology-Assisted Education (pp. 1989-1994).

Yudin, A., Vozhdaev, A., Sukhotskiy, D., Salmina, M., Sukhotskaya, T., &
Sukhotskiy, V. (2017). Intensive Robotics Education Approach in the Form of
a Summer Camp. In Advances in Intelligent Systems and Computing (Vol.
560, pp. 246-250). d0i:10.1007/978-3-319-55553-9 23

414



Yuliati, L., Parno, P., Hapsari, A. A., Nurhidayah, F., & Halim, L. (2018). Building
Scientific Literacy and Physics Problem Solving Skills through Inquiry-Based
Learning for STEM Education. In Journal of Physics: Conference Series (\Vol.
1108, pp. 1-6). doi:10.1088/1742-6596/1108/1/012026

Zhang, H., & Fang, L. (2019). Project-based learning for statistical literacy: A

gamification approach. In Lecture Notes in Educational Technology.
doi:10.1007/978-981-13-7361-9 1

415






APPENDICES

A. Interview Protocol for Analysis of Current Status

Merhaba. Ben arastirma gorevlisi Mustafa Giileg. Orta Dogu Teknik
Universitesi Bilgisayar ve Ogretim Teknolojileri Egitimi Boliimii’nde doktora
tez 0grencisiyim. Doktora tezim kapsaminda arastirma konum Bilisim
Teknolojileri ve Fen Bilgisi (Bilim Uygulamalart) Derslerinin Egitsel Robotlu
Problem C6zme Etkinlikleri ile Birlestirilmesidir. Sizinle bu odak toplantilarini
gerceklestirecek olmamin sebebi, calismanin baslangicinda elimizdeki
imkanlari, etkinliklerin giilii ve zayif yOnlerini, siirecte karsilagilabilecek
tehditleri arastirmak igin bir analiz gerceklestirmektir. Izninizle bu goriismeyi
kayit altina almak istiyorum.

Katildiginiz i¢in tesekkiir ederim.

QUESTIONS
Strengths

1) Calisma kapsaminda hazirlanacak olan etkinliklerin giiclii yonleri neler
olabilir?

e Bu etkinlikleri derste kullanmak ne gibi avantajlar saglayabilir?

e Bu etkinliklerle neler basarilabilir?

e Bu etkinlikleri diger etkinliklere gore giiclii kilan 6zellikler neler olabilir?
e Etkinlikleri bu okulda uygulamanin saglayacagi avantajlar neler olacaktir?

e Etkinlikleri bu 6grenci grubuyla uygulamanin saglayacag: avantajlar neler
olacaktir?

Weaknesses

1) Calisma kapsaminda hazirlanacak olan etkinliklerin zayif yonleri neler
olabilir?

e Bu etkinlikleri derste kullanmak ne gibi dezavantajlar ortaya ¢ikarabilir?

e Bu etkinliklerin basarisiz yonleri neler olabilir?
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e Etkinlikleri bu okulda uygulamanin dezavantajlar1 neler olacaktir?

e Etkinlikleri bu 6grenci grubuyla uygulamanin olusturacagi dezavantajlar
neler olacaktir?

Opportunities

1) Calisma kapsaminda hazirlanacak olan etkinliklerle ilgili elimizdeki
imkanlar nelerdir?

e Bu etkinlikler i¢in okulun sagladig1 olanaklar neler olacaktir?

¢ Bu etkinlikler i¢in okul disindaki ¢evrenin sagladigi olanaklar neler
olacaktir?

Threats

1) Calisma kapsaminda hazirlanacak olan etkinliklerin uygulanma siirecinde
hangi engellerle karsilasilabilir?

e Bu etkinliklerin uygulanma siirecini olumsuz yonde etkileyecek faktorler
nelerdir?

e Bu etkinliklerin uygulanma siirecine zarar verecek unsurlar nelerdir?
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B. Interview Protocol for Suggestions of Teachers on Activities

Etkinliklerin Hazirlanmasi Goriisme Sorulari

Oncelikle merhaba. Doktora tez c¢alismam kapsaminda “BILISIM
TEKNOLOJILERI VE FEN BILGISI (BILIM UYGULAMALARI)
DERSLERININ  EGITSEL ROBOTLU PROBLEM COZME
ETKINLIKLERI ILE BIRLESTIRILMESI” konulu bir arastirma yapiyorum.
Izninizle dncelikle bu ¢alismanin igeriginden biraz bahsetmek istiyorum. Calismanin
genel amaci egitsel robotlar yardimiyla Bilisim Teknolojileri ve Bilim Uygulamalari
derslerini birlestiren problem ¢ézme etkinlikleri gelistirmektir. Calismada Bilisim
Teknolojileri ve Bilim Uygulamalari derslerinin igerikleri ile hazirlanmis bu etkinlik
problemlerinin ¢6ziim siirecleri detayli bir sekilde incelenecektir. Bu incelemenin
sonucunda etkinlere yonelik bir kilavuz olusturulmasi planlanmaktadir. Egitsel
Robot olarak robotsan firmasinin hazirlamis oldugu O-bot egitsel robot Kkiti
kullanilacaktir. Etkinlikler problem ¢6zme basamaklarina gore tasarlanacaktir. Bu
basamaklar cercevesinde oOgrenciler oncelikle, problemi tanimlayacaklar, ihtiyac
duyulan veriye ulasacaklar, bu veriyi analiz edecekler, ¢coziim iretecekleler ve
¢oziimii degerlendireceklerdir. Sizinle bu goriigmeyi gerceklestirmemin nedeni ise
daha once bu egitsel robot kitleri ile ilgili bir egitim almis olmanizdir. Goriigme
sirasindaki ilk soru ge¢cmis deneyiminizle ilgilidir. 2., 3., 4. ve 5. sorular bu ¢alisma
sirasinda  hazirlanmast planlanan etkinlikler ile ilgilidir. Kalan sorular ise
uygulamanin yapilacagi okulda daha 6nce gerceklestirilen analiz ile ortaya ¢ikmis
konular iizerine olacaktir. Gériismemiz yaklasik olarak 25 dk siirecektir. izninizle

goriismemizi kayit altina almak istiyorum.

Katildiginiz i¢in tesekkiir ederim.

1) Oncelikle almis oldugunuz robotik egitimi sonrasinda derslerinizde egitsel
robot Kitlerini kullandiniz m1? Ne amagla kulandiniz? Agiklar misiniz liitfen?

Hayir ise 2. soruya gecebilirsiniz.
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e Hangi konuda uygulama yaptiniz? Neden bu konuyu sectiniz?
Aciklar misiniz?

e Uygulamanizi nasil hazirladiniz? Uygulamanin hazirlik siirecinden
bahsedebilir misiniz? Bu hazirlik siirecinde nelere dikkat ettiniz?

e Etkinliginizin uygulama siirecini anlatabilir misiniz? Uygulama
stirecinde nelere dikkat ettiniz?

e Etkinliginizin olumlu oldugunu diisiindiigiiniiz yonleri neler?
e Etkinliginizin olumsuz oldugunu diisiindiigiiniiz yonleri neler?

e Etkinlik siirecinde hangi problemlerle karsilastiniz? Bu problemleri
¢ozmek i¢in hangi 6nlemleri aldiniz veya ¢oziimler iirettiniz?

e Bu siireci 0Ogrencilerinizin  goéziinden degerlendirseniz neler
soylersiniz? Ogrencileriniz bu etkinlik hakkindaki goriisleri nelerdi?

2) Su anki 5.sinif bilim uygulamalart ders miifredatindaki hangi konular
ve/veya kazanimlar sizce egitsel robotlarla hazirlanacak olan problem ¢dzme
etkinlikleri i¢in uygundur? Neden? Ac¢iklar misiniz?

3) Bukonularda 6grencilere yoneltilebilecek gerg¢ek hayat ile iligkili problem
durumlar1 neler olabilir?

4) Bu problem durumlarini hikayelestirmek istesek nasil bir senaryo
olusturulabilir? Bu senaryonun 6zellikleri neler olmalidir? Ornek bir senaryo
olusturabilir misiniz?

5) Bu problem durumu etkinlik sirasinda 6grencilere nasil sunulmali?

6) Bu etkinliklerin uygulama siirecinde Sizce ne gibi sorunlarla
karsilagilabilir? Bu sorunlarin ¢6ziimii i¢in onerileriniz nelerdir?

7) Ogrencileri bu etkinliklere motive edebilmek igin neler yapilabilir?

8) Ogrencilerin  etkinliklere konu olan fen bilgisi  alanindaki
hazirbulunusgluklarini yeterli diizeye getirebilmek i¢in neler yapilabilir?

9) Bu etkinlikleri 6grencilerin biligsel diizeylerine uygun hale getirmek igin
neler yapilmalidir?

10) Etkinlik siirecinin uygulanmasiyla ogrencilere gelecek olan ekstra is
yiikiinli azaltmak i¢in neler yapilabilir?

11) Ders siiresinin yeterli olamamasi durumunda neler yapilabilir?
12) Etkinliklerdeki 6grenme ¢iktilari sizce nasil dl¢tilmelidir?

Eklemek istediginiz bir sey var m1? Tesekkiir ederim.
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C. Interview Protocol for Students

Merhaba, ben arastirma gorevlisi Mustafa Giileg. Orta Dogu Teknik
Universitesi Bilgisayar ve Ogretim Teknolojileri Egitimi Béliimii’nde doktora
programi 6grencisiyim. Doktora tezim kapsaminda aragtirma konum Bilisim
Teknolojileri ve Fen Bilgisi (Bilim Uygulamalar1) Derslerinin Egitsel Robotlu
Problem C6zme Etkinlikleri ile Birlestirilmesidir. Sizinle bu goriismeyi
gergeklestirecek olmamin sebebi dersinizde kullanmis oldugunuz etkinliklerin
ozelliklerini, etkinlik siirecini kolaylastiran ve zorlastiran unsurlari ve derse
katkilarin1 arastirmaktir. Igten ve samimi cevaplarmizi duymak bana biiyiik bir
mutluluk verecektir. Konusmalarimiz tamamen gizli tutulacak olup, iigiincii
sahislarla kesinlikle paylagilmayacaktir. Ayrica isminiz kesinlikle yazili akademik
belgelerde yer almayacaktir. Izninizle bu goriismeyi ses kayit cihazi ile kayit altina
almak istiyorum. Goriisme sirasinda herhangi bir sorunuz olmast durumunda,
liitfen sorun. Gorlismemiz yaklasik olarak 30 dk siirecektir.

Katildiginiz i¢in ¢ok tesekkiir ederim.

Uriin Temelli Goriisme Protokolii (Ogrenci Grubu)

1. Bu derse bir arkadasinizin katilamadigini diistinelim. Ona yardimc1 olmak
icin yapmis oldugunuz “Robot Fabrikas1 Etkinligini” ona nasil anlatirsiniz?

2. Robot Fabrikasi etkinlik yapragindaki problemi ilk gordiigiiniizde neler
diistindiiniiz? Bize anlatir misiniz?

e Sizce bu problemde ¢6ziilmesi istenen neydi?
e Bu problemi kendi ciimlelerinizle nasil tarif edersiniz?

3. Robot Fabrikas etkinlik yapragindaki problemi ¢6zmek i¢in nelere
ithtiyaciniz oldu? Neden? Agiklar misiniz?

e Bu problemi ¢6zmek igin daha 6ncesinde bilmeniz gerekenler
nelerdi? Neden? Agiklar misin?

e Bu problemi ¢dzmek icin neler kullandiniz? Agiklar misin?

4. Robot Fabrikasi etkinligindeki problemi nasil ¢ozdiiniiz? Bize o ¢6ziimii
anlatir misiniz?

e Soruyu ¢6zmek i¢in nereden basladiniz?
e Soruyu ¢dzmeye nasil devam ettiniz?
e Soru ile ilgili neden bu ¢6ziimii se¢tiniz?

e Soru ile ilgili bu ¢6zlimii nasil tahmin ettiniz?
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e Soruyu ¢ozerken uygulamis oldugunuz adimlar dogru muydu?
Herhangi bir hatayla karsilastiniz m1? Evetse, bu hatay1 gidermek i¢in ne
yaptiniz?

e Sizce bu sorunun baska ¢oziim yollar1 var miydi1? Evetse, bu
¢Oziim yollarin1 neden kullanmadiniz?

5. Sizce dersinizde kullandiginiz robot fabrikasi etkinligin olumlu yonleri
nelerdi? Neden? Aciklar misiniz?

¢ Bu etkinligin hosunuza giden yonleri nelerdi?

6. Sizce robot fabrikasi etkinligi sirasinda islerinizi kolaylastiran seyler
nelerdi? Neden? Agiklar misin?

e Problemi ¢ozerken etkinlik yapragini nasil kullandiniz?

7. Sizce dersinizde kullandiginiz robot fabrikasi etkinliginin olumsuz ydnleri
nelerdi? Neden? Agiklar misin?

¢ Bu etkinligin hosunuza gitmeyen yonleri nelerdi?

8. Sizce bu etkinlik sirasinda islerinizi zorlastiran seyler nelerdi? Neden?
Aciklar misin?

e Sizi neler zorladi?
9. Dersinizde kullandiginiz etkinligin size nasil bir katkis1 olmugtur?
e Size neler 6gretti? Neden? Nasil?
e Konuyu 6grenmenize yardimci olmus mudur? Neden? Nasil?

e Arkadaslarmizla birlikte ¢calismaniza yardimer olmug mudur? Neden?
Nasil?

e Algoritma konusunda nasil bir katki saglamistir?
e Fen bilgisi ile ilgili nasil bir katki saglamigtir?

10. Bu etkinlikte 6grendiklerinizi sizce nerelerde kullanabilir siniz? Neden?
Aciklar misin?

e Bagka bir problem ¢ozerken bu etkinlik sizce nasil ise yarar? Neden?
Aciklar misin?
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D. Interview Protocol for Teacher

Merhaba. ben arastirma gorevlisi Mustafa Giileg. Orta Dogu Teknik
Universitesi Bilgisayar ve Ogretim Teknolojileri Egitimi Béliimii’nde doktora
programi 6grencisiyim. Doktora tezim kapsaminda aragtirma konum Bilisim
Teknolojileri ve Fen Bilgisi (Bilim Uygulamalart) Derslerinin Egitsel Robotlu
Problem C6zme Etkinlikleri ile Birlestirilmesidir. Sizinle bu goriismeyi
gergeklestirecek olmamin sebebi dersinizde kullanmis oldugunuz etkinliklerin
ozelliklerini arastirmaktir. Icten ve samimi cevaplarinizi duymak bana biiyiik bir
mutluluk verecektir. Konusmalarimiz tamamen gizli tutulacak olup, tigiincii
sahislarla kesinlikle paylagilmayacaktir. Ayrica isminiz kesinlikle yazili
akademik belgelerde yer almayacaktir. izninizle bu goriismeyi ses kayit cihazi
ile kay1t altina almak istiyorum. Goriisme sirasinda herhangi bir sorunuz olmasi

durumunda, liitfen sorun. Goriismemiz yaklasik olarak 60 dk siirecektir.

Etkinlik Ozellikleri

1) Dersinizde kullandiginiz problem ¢6zme etkinligini problemin
yapilandirilmishk seviyesi bakimindan nasil degerlendirirsiniz?

e Problemin ¢oziimiinde kullanilabilecek kurallar sinirli sayida miydi?
Neden? Agiklayabilir misiniz?

e Alternatif ¢6ziim yollar1 hakkinda ne diisiiyorsunuz?

Dogru cevap sayis1 hakkinda neler sdylersiniz?

e (oziim yolunun 6ngoriilebilirligi (tahmin edilebilirligi) hakkinda
neler diisiintiyorsunuz?

e (oziimiin degerlendirilmesi i¢in ne tiir kriterler kullanilabilir?
Neden? Agiklayabilir misiniz?

e Problemin yapilandirilmislik seviyesi problemin ¢dziimiinii nasil
etkilemis olabilir?

2) Dersinizde kullandiginiz problem ¢6zme etkinligini problemin zorluk
derecesi agisindan nasil degerlendirirsiniz?
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3)

4)

5)

6)

e (CoOziimi i¢in 6grencilerinizde bulunmasi gereken 6n bilgi i¢in neler
sOylersiniz?

e (Coziim icin gerekli adimlar nelerdi? Bu adimlarin anlagilirligi
hakkinda neler sdylersiniz?

e (oziim siirecinde 6grencileriniz tarafindan gergeklestirilmesi
gereken paralel siirecleri degerlendirebilir misiniz? Bu paralel
stireclerin karmasikligi hakkinda ne diistiniiyorsunuz?

o Etkinlikteki problemin zorluk derecesi problemin ¢6ziimiinii nasil
etkilemis olabilir? Neden?

Dersinizde kullandiginiz problem ¢6zme etkinligini problemin dinamikligi
acisindan nasil degerlendirirsiniz?

e Problem igerisindeki degiskenler arasinda nasil bir iliski vardi?

o Faktorler arasindaki iliski zamanla degisen bir iliski miydi? Neden?
Aciklar misiniz?

e Problemin dinamikligi problemin ¢éziimiinii nasil etkilemis olabilir?

Dersinizde kullandiginiz problem ¢6zme etkinliginin iliskili oldugu alanlar
hakkinda neler diisliniiyorsunuz?

e Sizce bu alanlardan en ¢ok iliskili oldugu alan hangisidir? Neden?
Aciklar misiniz?

e Sizce bu alanlardan en az iliskili oldugu alan hangisidir? Neden?
Agiklar misiniz?

e Bu alanlar problemin ¢6ziimiinii nasil etkilemis olabilir?

Dersinizde kullandiginiz problem ¢6zme etkinliginde kullandiginiz
problemin ¢oziim siirecini diger problemle benzerlik agisindan nasil
degerlendirirsiniz?

e Sizce baska problemlerle benzer olan yonleri nelerdir? Neden?
Agiklar misiniz?

e Sizce ¢0ziim siirecinde 6grencileriniz bu benzerlikten nasil
yaralandilar?

Dersinizde kullandigimiz problem ¢ézme etkinliginde kullandiginiz
problemi neden-sonug iliskisi agisindan degerlendirebilir misiniz?

e Sizce problemin igerisinde bir neden sonug iliskisi var miydi1?
Neden? Agiklar misiniz?

e (oziim stlirecinde bu neden sonug iligkisini 6grencileriniz nasil
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7)

8)

9)

1)

2)

3)

4)

5)

kullandilar?

Dersinizde kullandiginiz problem ¢6zme etkinligini 6grencilerinizi ¢oziime
yonelten yardimci sorularin gerekliligi noktasinda nasil degerlendirirsiniz?

e Bu sorulardan bu etkinlikte yararlandiniz m1? Neden?
E: Hangi tip sorulardan yararlandiniz? Neden? Aciklar misiniz?

E: Coziim siirecinde sizce dgrencileriniz bu sorulardan nasil
yararlandilar?

Dersinizde kullandiginiz problem ¢6zme etkinliginde 6grencilerinizin
tirettikleri savlari (arglimanlari) nasil degerlendirirsiniz?

e (oziim siirecinde bu savlari (argiimanlar1) 6grencileriniz sizce nasil
kullandilar?

Dersinizde kullandiginiz problem ¢6zme etkinligini 6grencilerinizin
olusturduklart modellemeler agisindan nasil degerlendirirsiniz?
(Olusturduklar tablolar, grafikler, kavram haritalar1 ya da algoritmalar)

e (ozim siirecinde bu modellemeleri 6grencileriniz sizce nasil
kullandilar?

Kolaylastiric1 ve Zorlastirict Unsurlar

Dersinizde kullandiginiz problem ¢ézme etkinliginin uygulama siirecini
kolaylastiran unsurlar nelerdir? Neden? Aciklar misiniz?

e Dersinizde kullandiginiz problem ¢6zme etkinliginin uygulama
stirecini olumlu yonde etkileyen faktorler nelerdir? Neden? Aciklar
misiniz?

Dersinizde kullandiginiz problem ¢6zme etkinliginin ¢alisan yonleri
nelerdi? Neden? Agiklar misiniz?

Dersinizde kullandiginiz problem ¢ézme etkinliginin uygulama siirecini
zorlastiran unsurlar nelerdir? Neden? Agiklar misiniz?

Dersinizde kullandiginiz problem ¢6zme etkinliginin ¢calismayan yonleri
nelerdi? Neden? Agiklar misiniz?

Dersinizde kullandiginiz problem ¢ézme etkinliginin gelistirilmesi gereken
yonleri nelerdi? Neden? Aciklar misiniz?

6) Dersinizde kullandiginiz problem ¢6zme etkinligini daha etkili hale

1)

getirebilmek icin bu etkinlik iizerinde ne gibi degisiklikler yapilmali?
Neden? Agiklar misiniz?

Etkinligin Katkilan

Dersinizde kullandiginiz problem ¢ézme etkinliginin 6grencilerinize katkisi
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hakkinda neler soylersiniz?

e Dersinizde kullandiginiz problem ¢6zme etkinligini 6grencilerinizin
ihtiyaclarini karsilamasi noktasinda nasil degerlendirirsiniz?

o Konuyu 6grenmeleri noktasinda_ihtiyaclarini karsilamis
midir? Neden? Nasil?

o Problem ¢dzme becerilerini gelistirme noktasinda
ihtiyaclarin1 kargilamig midir? Neden? Nasil?

o Birlikte calismay1 6grenme noktasinda_ihtiyaglarini
karsilamis midir? Neden? Nasil?

e Dersinizde kullandiginiz problem ¢dzme etkinliginin dgrencilerinize
yardimci oldugunu diisiindiigiiniiz yonleri nelerdir?

o Konuyu 6grenmeleri noktasinda yardimei olmus mudur?
Neden? Nasil?

o Problem ¢6zme becerilerini gelistirme noktasinda_yardime1
olmus mudur? Neden? Nasil?

o Birlikte calismay1 6grenme noktasinda_yardimei olmus
mudur? Neden? Nas1l?

e Dersinizde kullandiginiz problem ¢ézme etkinligini 6grencilerinizi
belirlediginiz hedeflere ulastirmasi noktasinda nasil
degerlendirirsiniz?

o Fen bilgisi alanindaki hedeflere ulasma noktasinda nasil
degerlendirirsiniz?

o Bilisim teknolojileri alanindaki hedeflere ulasma noktasinda
nasil degerlendirirsiniz?

.....

bilgi ve iletisim teknolojilerini kullanma noktasinda nasil
etkilemistir? Neden? Ag¢iklar misiniz?

e Dersinizde kullandiginiz problem ¢ézme etkinligi 6grencilerinizin
fen bilgisi dersine olan ilgisini nasil etkiledigini diisiinityorsunuz?
Neden? Agiklar misiniz?

.....

bilisim teknolojileri dersine olan ilgisini nasil etkiledigini
diisiiniiyorsunuz? Neden? Agiklar misiniz?

-----

motivasyonlarini nasil etkiledigini diisliniiyorsunuz? Neden? Agiklar
misiniz?
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Dersinizde kullandiginiz problem ¢6zme etkinliginin
ogrencilerinizin algoritmik diisiinme becerileri {izerine nasil bir
etkisi oldugunu diisliniiyorsunuz? Neden, agiklar misiniz?

Dersinizde kullandiginiz problem ¢ézme etkinliginin
Ogrencilerinizin fen bilimleri dersindeki basarilari iizerine nasil bir
etkisi oldugunu diisiinliyorsunuz? Neden, agiklar misiniz?

2) Dersinizde kullandiginiz problem ¢6zme etkinliginin size sagladigi
katki hakkinda ne diisiiniiyorsunuz?

o Dersinizde kullandiginiz problem ¢6zme etkinligini ulagmak
istediginiz egitsel hedefler agisindan ihtiyaglarinizi ne dl¢iide
karsilad1?

« Dersinizde kullandiginiz problem ¢6zme etkinligi size mesleki
anlamada nasil bir katki saglamis olabilir?

o Dersinizde kullandiginiz problem ¢6zme etkinligi bilgi ve
iletisim teknolojilerini kullanmaniza ne gibi bir katki saglamis
olabilir?

Dersinizde kullandiginiz problem ¢6zme etkinligi tizerinde bir
seyleri degistirme sansiniz olsa neleri degistirirdiniz? Neden?
Aciklar misiniz?

Probing Questions:

Bu etkinligi etkinlik disinda kalan §gretim agisindan
degerlendirebilir misiniz? Bu etkinlik 6ncesi 6gretimin etkinlik
izerindeki etkileri nelerdir?

Bu etkinligin uygulanma siirecini ¢gretmen rolii acisindan
degerlendirebilir misiniz? Sizin bu siirece etkiniz sizce nasildi?

Bu etkinligin uygulanma stirecini §grencileriniz agisindan
degerlendirebilir misiniz? Ogrencilerinizin rolii nasild1?
Ogrencilerinizin bu siirece etkisi sizce nasildi?

Bu etkinligin uygulanma siirecinde egitsel robotlarin kullanimini
nasil degerlendiriyorsunuz? Sizce egitsel robotlarin etkinlik
iizerindeki etkileri nelerdir? Agiklar misiniz?

Bu etkinligin uygulanma stirecinde egitsel robotlar disindaki
kaynaklarin kullanimin1 degerlendirebilir misiniz? Bu kaynaklarin
etkinlik tizerindeki etkileri nelerdir? Agiklar misiniz?
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E. lll-structured Problem Scenario Development Form
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F. Problem Scenario Evaluation Form

Problem Senaryosu Degerlendirme Formu

ETKINLIiK NO:

Yargi Ciimlesi

Yargiya Katilma

Durumu

Genel

Tamamen

Katihyorum

Katiliyorum

Kararsizim

Katilmiyorum

Tamamen

Katilmiyorum

1. Problem senaryosu anlasilir
bir sekilde sunulmustur.

O

]

2. Problem senaryosu
belirtilen konu ile
uyumludur.

3. Problem senaryosu 6grenci
grubunun biligsel
seviyesine uygundur.

4. Problem senaryosu
belirtilen 6grenme ¢iktilar
icin uygundur.

Yapilandirilmamis Problem
Ozellikleri

Yargiya Katilma

Durumu

Problem senaryosuna gore...

Tamamen

Katiliyorum

Katiliyorum

Kararsizim

Katilmiyorum

Tamamen

Katilmiyorum

5. problem durumu yiizeysel
olarak sunulmustur.

O

]

6. problemde hedeflenen
yiizeysel olarak
sunulmustur.

7. ¢6ziimii olusturmak igin
problem durumu ve/veya
hedeflenen durumun
yorumlanmasi
gerekmektedir.

8. problemin ¢6ziimii igin
uygulanabilecek islem ve
stireglerin sayisi tam
olarak belli degildir.

Problem Durumun Yapisi

9. problemin ¢6ziimii igin
uygulanabilecek kesin bir
doniistiirme iglevi
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(Formiil, islem, kural vs)
yoktur.

10. problem durumu gergekei
bir baglam icerisinde O O O O 0
sunulmustur.

11. problemin ¢dziimii i¢in
baglamin kullanilmasina | | O O O
ihtiyag vardir.

12. problemin ¢dziimii i¢in
hangi verilerin
kullanilacag: ve bunlarin | | O O O
nasil organize edilecegi

i konular1 net degildir.

<

2 13. problemin ¢oziilebilmesi

E icin birden fazla alan O O O O O

g bilgisine ihtiyag¢ vardir.

=

E 14. problemin tek bir ¢oziimi

©|  bulunmamaktadir.

8 Problemi ¢6zebilmek i¢in m] m| O m] a
cesitli ¢oziim yollar
kullanilabilir.

15. problemin ¢dziimiinii
degerlendirebilmek igin
birden ¢ok 6l¢iitiin a a O O |
incelenmesine ihtiyag
vardir.

16. Problem senaryosunda yapilmasim istediginiz diizeltme/degisiklik

varsa paylasir misimiz?
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G. Science Achievement Test Evaluation Form

Sayin yetkili asagidaki form ile size sunulan fen bilgisi alan testini degerlendirmeniz
istenmektedir. Oncelikle sorunun belirtke tablosu iizerindeki konu ve kazanimla uyumunu

degerlendirmeniz istenmekte daha sonrasinda ise test sorusu i¢in nihai karariniz istenmektedir. Eger

bu madde belirtilen kazanimi 6l¢meye aday bir madde ise liitfen “gereklidir” se¢enegini, eger
madde konu kapsaminda fakat diizenlenmesi veya degistirilmesi gereken bir madde ise liitfen
“yararli ancak yetersiz” secenegini, madde belirtilen 6zelligi temsil etmiyorsa liitfen “gereksiz”

secenegini igaretleyiniz.

Tesekkiir ederim.
Aragtirma Gorevlisi Mustafa Giileg

Soru 1

Soru 2

0 Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

O Soru climlesi ve cevap secenekleri ile
belirtke tablosunda verilen kazamim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz

O Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

O Soru climlesi ve cevap secenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz

Soru 3

Soru 4

O Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

0 Soru climlesi ve cevap secenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz

O Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

O Soru climlesi ve cevap secenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararli ancak yetersiz
o Gereksiz

Soru 5

Soru 6
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0 Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

0 Soru climlesi ve cevap segenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararli ancak yetersiz
o Gereksiz

0 Soru ciimlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

0 Soru climlesi ve cevap se¢enekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz

Soru 7

Soru 8

0 Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

O Soru climlesi ve cevap segenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararli ancak yetersiz
o Gereksiz

0 Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

0 Soru climlesi ve cevap secenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o  Gereklidir
o Yararl ancak yetersiz
o Gereksiz

Soru 9

Soru 10

0 Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

0 Soru climlesi ve cevap segenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararli ancak yetersiz
o Gereksiz

0 Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

0 Soru climlesi ve cevap se¢enekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz
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Soru 11

Soru 12

O Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

0 Soru climlesi ve cevap segenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz

O Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

O Soru climlesi ve cevap segenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz

Soru 13

Soru 14

0 Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

O Soru climlesi ve cevap secenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz

O Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

0 Soru climlesi ve cevap secenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz

Soru 15

Soru 16

O Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

O Soru climlesi ve cevap secenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz

O Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

O Soru climlesi ve cevap secenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararli ancak yetersiz
o Gereksiz

Soru 17

Soru 18

O Soru climlesi ve cevap segenekleri belirtke

tablosunda verilen konu i¢in uygundur.

O Soru climlesi ve cevap segenekleri belirtke

tablosunda verilen konu i¢in uygundur.
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O Soru climlesi ve cevap segenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o  Gereklidir
o Yararl ancak yetersiz
o Gereksiz

0 Soru climlesi ve cevap se¢enekleri ile
belirtke tablosunda verilen kazamm ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz

Soru 19

Soru 20

O Soru climlesi ve cevap secenekleri belirtke
tablosunda verilen konu i¢in uygundur.

O Soru climlesi ve cevap segenekleri ile
belirtke tablosunda verilen kazanim ile

Ortiismektedir.

Bu test maddesi;

o  Gereklidir
o Yararl ancak yetersiz
o Gereksiz

0 Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu igin uygundur.

O Soru climlesi ve cevap secenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararlt ancak yetersiz
o Gereksiz

Soru 21

Soru 22

O Soru climlesi ve cevap se¢enekleri belirtke
tablosunda verilen konu i¢in uygundur.

0 Soru climlesi ve cevap segenekleri ile
belirtke tablosunda verilen kazamim ile

Ortiismektedir.

Bu test maddesi;

o  Gereklidir
o Yararl ancak yetersiz
o Gereksiz

0 Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

0 Soru climlesi ve cevap se¢enekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz

Soru 23

Soru 24
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O Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

0 Soru climlesi ve cevap segenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz

O Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

O Soru climlesi ve cevap segenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz

Soru 25

Soru 26

0 Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

0 Soru climlesi ve cevap secenekleri ile
belirtke tablosunda verilen kazamim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o  Yararl ancak yetersiz
o Gereksiz

0 Soru climlesi ve cevap segenekleri belirtke
tablosunda verilen konu i¢in uygundur.

O Soru climlesi ve cevap segenekleri ile
belirtke tablosunda verilen kazanim ile

ortiismektedir.

Bu test maddesi;

o Gereklidir
o Yararl ancak yetersiz
o Gereksiz
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H. Interview Questions for Pilot of Science Achievement Test

Fen Bilimleri Testi On-Pilot Cahsmasi Goriisme Sorular

1. Bu soruda anlamini bilmedigin bir sézciik var mi1?

2. Soruda sorulmak istenen nedir?

3. Verdigin cevabi gerekgesi ile kisaca agiklar misin?

4. Diger secenekleri neden se¢medigini soyler misin?

5. Bu soru yeterince anlagilir m1?

Hayirsa, sence nasil anlasilir bir hale getirilebilir?
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I. Interview Questions for Pilot of Unplugged Algorithm Quiz

Baglantisiz Algoritma On-Pilot Calismasi Gériisme Sorular

1. Bu soruda anlamini bilmedigin bir s6zciik var m1?

2. Soruda sorulmak istenen nedir?

3. Verdigin cevabi gerekgesi ile kisaca agiklar misin?

4. Diger secenekleri neden se¢medigini soyler misin?

5. Bu soru yeterince anlagilir m1?

Hayirsa, sence nasil anlasilir bir hale getirilebilir?
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J. Rubric of Unplugged Algorithm Quiz

Baglantisiz Algoritma Sinavi Degerlendirme Rubrigi

isim

NUMARA

TOPLAM PUAN

Soru 1: 15 puan

A) Dokuz adimda algoritma dogru sekilde olusturulmustur. Olusturulan adimlar

asagidaki yapilardan biri ile ortiismektedir.

Yapi-1 Yapi-2
4.Adim: . . .
1.25x2 | O 9. kareye 11;212 vegiineye | ~ | ~ 9. kz;gﬁzeellggs ve o
puan) guney
5.Adim: . .
1.25x2 | O 19. I;a[eye |23an9 ve olo 19. Ii)areye ggrle ve o
puan) oguya don atrya don
6. B) Adim sayisi dikkate
: 20. kareye ilerle v 17. kareye ilerle v alinmadan algoritma
Adim O 0 ? 2 e~- Sy o0 ? 4 e" v O dogru sonuca ulasacak
(1,25x2 giineye don giineye don g ( §
puan) sekilde
7. olusturulmustur
Adim: o 30. kareye ilerle ve batiya olo 27. kareye ilerle ve o (8 puan).
(1,25x2 don doguya don
puan)
8.
Adim: o 28. kareye ilerle doniis o 28. kareye ilerle doniis
2,5 var veya yok var veya yok
puan)
9.
Adim: - "
@5 O Bitir @) Bitir
puan)
2. Soru: 10 puan
Adm | 2 | 2 | 2
Adim | 6 [ 6 | 5 .
Adm | 1] 11 Ss?:aligz:ll:linkl Sonug¢ yandaki Sonu¢ yandaki_ sn'_al.amalarm
birivle tamamen siralamalarin biriyle herhangi biriyle
Adm | 3 | 3|3 .. y . kismen ortiismektedir. (5 ortiismemektedir.
ortiismektedir. Puan) (0 Puan)
Adm [ 4]|5]6 (10 Puan)
Adm | 5| 4 | 4
3. Soru:15 puan
Hata 1: 5. Adim doguya don Hata 2: 7. Adim on dordiincii kare Hata 3: 7. Adim doguya don
bulunmus (2,5 Puan) bulunmus (2,5 Puan) bulunmus (2,5 Puan)
Diizeltme: Batiya don olarak Diizeltme: yirminci kare olarak Diizeltme: batiya don olarak
diizeltilmis (2,5 Puan) diizeltilmis (2,5 Puan) diizeltilmis (2,5 Puan)

4. Soru:10 puan

1. ifade (2 puan) 4
2. ifade (4 puan) 3
3. ifade (4 puan) 2
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5. Soru: 20 puan

igareti ile)
yonlendirilmistir.

dogru (ok isareti ile)

yonlendirilmemistir.

dogru (ok isareti ile)

yonlendirilmemistir.

OLCUT 2 1 0,5 0
1. Kullamlan gklf:l:nj;lgrgr? Akis sema51nolu$tura_n Akis semasi olusturan Akis semas1
S, . sekillerin bir tanesi sekillerin cogunlugu olusturan sekillerin
Sekillerin sekiller
Uveunlugu Kullantlarak olmasi gerekenden olmasi gerekenden tamami olmasi
ye g olusturulmustur farklhidir. farklhidir. gerekenden farklidir.
Ak semasun Akis semasint biiyiik Ak1$ senvlasmlr}
tamam uygun bir < < - biiyiik cogunlugu
- . ¢ogunlugu uygun bir . -
2. Akis Yoniiniin yonde (yukaridan dnde (yukaridan uygun yonde Akis semasinin yonii
Uygunlugu asaglya veya aya‘l a v}; a soldan (yukaridan asagiya anlasilamamaktadir.
soldan saga) sagiya vey veya soldan saga)
saga) olusturulmustur.
olusturulmustur. olusturulmamustir.
Akis semasinda
kijlamlan Akis semasinda
ckillerin tamami Akis semasinda Akis semasinda kullanilan sekillerin
3. Kullanilan Su un bir sekilde kullanilan sekillerin kullanilan sekillerin tamanu uygun bir
Sekillerin e $ bir tanesi uygun bir ¢ogunlugu uygun bir sekilde
boyutlandirilmistir . .
Boyutlandirilmasi - S sekilde sekilde boyutlandirilmamistir
(Ttim sekillerin b landiml b landiril . Killeri
boyutlars oyutlandirilmamistir. oyutlandirilmamistir. (Tiim sekillerin
tutarhdir) boyutlar tutarsizdir)
4. Kullanilan Akis semasinda Akis semasinda Akis semasinda Akis semasinda
Sekillerin kullanilan kullanilan sekillerin kullanilan gekillerin kullanilan sekillerin
i§inﬂendirilmesi sekillerin tamam bir tanesi uygun bir ¢ogunlugu uygun bir tamanu uygun bir
(Islevlerinin uygun bir sekilde sekilde sekilde sekilde
Yazilmasi) isimlendirilmisgtir. isimlendirilmemistir. isimlendirilmemistir. | isimlendirilmemistir.
Akis semasinda
kullanilan Akis semasinda
e S Akis semasinda
.. . sekillerin tamam kullanilan sekillerin L
5. Yonlendirme vaun birfta e kullanilan sekillerin Akis semasinda
araclarimin 6n1¥g ditme Snlendirme bir ¢cogu yonlendirme | yonlendirme araglart
kullanim Y M . araclariyla birbirine kullanilmamusgtir.
araglarryla araglariyla birbirine badlanmamistir
Aciar] - o stir.
birbirine baglanmamistir.
baglanmustir.
Akis semasinda
Akis semasinda Akis semasinda
kullanilan Akis semasinda
- . . 2 kullanilan kullanilan
6. Yonlendirme yonlendirme . . . . kullanilan
yonlendirme yonlendirme . .
araclarimin araglarimin . . . . yonlendirme
P < araglarinin bir tanesi araglarmim bir ¢ogu PN
yonleri tamam dogru (ok araglarmin yonleri

belirlenememektedir.

Akis semasinda
kullanilan tiim

Akis semasinda
kullanilan

Akis semasinda
kullanilan

Akis semasinda

Z'r;(lll;ls;:ﬁ?" semboller sembollerden bir sembollerden bir semll;gﬁeeu:ilrl\atnﬁmii
rcklili“i olusturulan tanesi olusturulan cogu olusturulan olusturulan proeram
gerekitig program igin program igin gerekli program igin gerekli 13! prog!
gereklidir desildir degildir igin gereksizdir.
Akis semasinda Akis semasinda
3. Kullaml kullanilan tiim kullanilan Akllf ?{3 Tﬁsﬁlda Akis semasinda
Einl:ng;lrlnz:: yonlendirme yonlendirme 6:111; difme kullanilan
yra larinmn araglari araglarindan bir ara 1}; rindan bir codu sembollerin tiimii
a ck“.v. olusturulan tanesi olusturulan lc turulan pr S; fﬂ olusturulan program
gereklligl program igin program igin gerekli olsturuian progra, icin gereksizdir.
gereklidir desildic icin gerekli degildir.

9. Akis Semasinin
Mantiksal Akisi

Akis semasinin
yapist mantiksal
olarak dogru
siralamadadr.

Akis semasimin
yapisinda mantiksal
olarak bir adet
siralama hatasi
bulunmaktadir.

Akis semasimin
yapisinda mantiksal
olarak bir ¢ok
siralama hatasi
bulunmaktadir.

Akis semasinin
yapisi tamamyla
mantiksal olarak
hatalidir.

10. Akis
Semasinin Genel
Yapisi

Akis semast
soruda verilen
ogeler kullanilarak
derlenmistir.

Aki1s semasi soruda
verilen 6gelerin
disinda bir 6ge

kullanilarak veya bir
oge eksik olarak

derlenmistir.

Akis semasinda
kullanilan 6gelerin
cogunlugu soruda

verilen 6gelerden
farklidir.

Akis semasinda
kullanilan 6gelerin
tamam soruda
verilen 6gelerden
farklidur.

6. Soru: 15 puan
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1.Sekil: (2 puan)

Yataktan Kalk

2. Sekil: (1 puan)

segeneklerinden bir tanesi

Ellerini ve Yiiziinii Yika veya Kiyafetlerini Giy veya Kahvaltim Yap

3. Sekil: (1 puan)

Ellerini ve Yiiziinii Yika veya Kiyafetlerini Giy veya Kahvaltim Yap
seceneklerinden 2. sekil i¢in kullanilanin digindakilerden bir tanesi

4. Sekil: (1 puan)

Ellerini ve Yiiziinii Yika veya Kiyafetlerini Giy veya Kahvaltim1 Yap
segeneklerinden 2. ve 3. sekil i¢in kullanilmayan

5. Sekil: (2 puan)

Hava Yagmurlu mu?

6. Sekil (Hayir Tarafi) (2 puan)

Semsiyeni Evde Birak

7. Sekil(Evet Tarafi) (2 puan)

Semsiyeni Yanina Al

8. Sekil (2 puan)

Evden Cik

9. Sekil (2 puan)

Bitir

7. Soru 15 puan
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Akis Akis semasinda
semasindaki dongii yapist
doéngii yapist eksik ya da hatali /}klsﬂsemasn}dg Akis semasinda
- . . dongii yapist igin L .
uygun bir bir sekilde yonlendirme dongii yapis1 igin
sekilde olu.s.tum} 1}1u$tur kullanilmamustir yonlendirme Akis semasinda
P olugturulmustu | ve tiim diger akis . kullanilmamistir .. .
Olgiit 1 ¢ ve tiim diger cmast fakat tiim akis ve sekiller yonlendirme
(Yonlendirm aki ema%l elZmanlarl semasi elemanlart araim daki araglart
e araclarinin 59 ~ . uygun . . kullanilmamusti
elemanlari yonlendirme . : yonlendirme
kullanfig) uygun araglariyla yonlepdigpe araglar1 eksik r.Op)
| uyaur 1earty araglariyla ¢
yonlendirme birbirine Bithirine kullanilmistir (2
araclariyla baglanmustir (7 bagl p)
birbirine D) aglanmustir (4 p)
baglanmstir
(12p)
Ak d:
Akis semasinda l?u?lea rzﬁzgl p Akis semasinda Akis semasinda
Oleiit 2 kullanilan onlendirme kullanilan kﬁlamlan
eut 2 yonlendirme Y yonlendirme . .
(Yénlendirm araglarmin yonlendirme
araglarmimn v < - araglarinin e 1. -
e araclarimin tamarm dofru ¢ogunlugu dogru odunlugu dodru araglarinin yonleri Olgiit1 +
yonleri) yonlendiril I%l ist yonlendirilmistir( Qﬁ nglen difilme 1%1 i | belirlenememekted Oliit2 + Olgiit
z 1 yonlendurmenlst i =
ir (2 puan) P) ir (0,5p) ir(0p) 3
Oleiit 2 Dallanmadaki mantik yapisi Dallanmadaki mantik yapist
(Dallcanma) (Evet&Hayir) uygun sekilde (Evet&Hayir) uygun sekilde
olusturulmustur (1p) olusturulmamustir (0 p)




K. Activity Sheet

Cevreci Robot Etkinlik Yapragi

Grup Adi:

Grup Uyelerinin Ad ve
Soyadlari:

Her glin 6niinden gectigimiz ¢op kovalari nem acisindan zengin ortamlardir. Bu
nedenle, icerisine bir yiyecek atildigi anda ¢6p kovalari mikroplar icin ideal bir
Ureme ortami haline donlsiverir. Sonuc olarak, insanlar basta olmak tizere bu
ortamlara maruz kalan tim canlilari gesitli saglik sorunu beklemektedir. Ayrica
bu ortamlar, yaydiklari kétiu koku nedeniyle bulunduklari gevrenin yasam
kalitesini de oldukga etkilemektedir. Acaba robotlarimiz bu konuda neler
yapabilir? Cop kovalariyla ilgili bu sorunda insanlara yardimci olabilecek bir

robot tasarlamaya ne dersiniz?

1) Yukaridaki problemden
ne anliyorsunuz? Problemde

anlatilanlar1 kendi s6zciiklerinizle

yan taraftaki bosluga yaziniz.
Unutmayin bu soruda ve diger
sorularda yazacaginiz ciimle
say1st onemli degil. Olabildigince
agik ve anlasilir bir sekilde

yazmaya ¢aligsmalisiniz.
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2) Yukaridaki problemde
istenen nedir? Problemde

sizden istenenleri yan taraftaki

bosluga yaziniz.

3) Yukaridaki problemin ortaya ¢ikma nedenleri nelerdir? Bu probleme

neden olabilecek nedenleri asagidaki balik kilgigina yerlestiriniz.

442




4) Yukaridaki problem
icin ¢oziim onerileriniz
nelerdir? Elinizdeki robot
pargalar1 ve yardimci
malzemeleri dikkate alarak
¢Ozlm Onerilerinizi yan
taraftaki bosluga sirasiyla
yaziniz. Birden fazla ¢6ziim

oOnerisi bulmaya ¢aligmalisiniz.

5) Yukaridaki ¢oziim
onerilerinizden hangisini
bu problemi ¢6zmek icin
kullnacaksimz? Bu

Onerinizi ayrintili bir sekilde
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yan taraftaki bosluga

yazmiz.

6) Bu problemi ¢ozebilmek
icin nelere ihtiyaciniz
olacak (Bilgi, malzeme,
robotik parcalar....)?

Coziim icin ihtiyaciniz olacak
seyleri yan taraftaki bosluga

yaziniz.
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7) Problemi ¢ozerken robotunuzda hangi eyleyicileri (Eylemi
gerceklestirecek parcalar) kullanmaniz gerekecek? Kullanacaginiz egleyicileri
asagida isaretleyiniz.

7 LED 11Siren “Motor “Hoparlor

8) Problemi ¢6zerken robotunuzda kullanmayi planlamadiginiz

algilayicilar hangileridir? Asagidaki algilayicilardan kullanmay1

diisiinmediklerinizin iizerlerini ¢iziniz.

o Isik Algilayict

e Optik Algilayict

e Sicaklik Algilayict

e Mesafe Algilayici

e Engel Algilayici

e Ses Algilayic

e Dokunma Algilayici

e Hareket Algilayici

9) Problemi ¢6zmek icin
robotunuzda nasil bir
algoritma kullanmaniz
gerekir? Robotunuza
yiikleyeceginiz algoritmanizi,

kullanacaginiz robot
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pargalarini diisiinerek yan

taraftaki bosluga ¢iziniz.
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10) Sizce ¢oziimiiniizde
neler olacak? Robotunuz
neler yapacak? Beklediginiz

sonugclari yan taraftaki bosluga

yaziniz.

Simdi bilgisayarimizda robotunuz icin algoritmamzi olusturma zamam!
Ogretmeninize etkinlik kagidim kontrol ettirin ve bir sonraki ders saatinde

yaninizda bulundurmayi unutmayin.

447




Environmental Robot Activity Sheet (English Version)

Group Name:

Names of Group Members:

The garbage bins that we pass through almost everyday are moisture-rich
environments. When food is thrown away, garbage bins turn into an ideal
breeding ground for microbes. As a result, living creatures, especially people
exposed to these environments, may have several health issues. Also, these
environments, due to the bad odor they emit, significantly affect their close
circles. What can our robots do for this? How about designing a robot that helps

people with the problem of garbage bins?

1) What do you
understand from
the problem above?
Write down what you
understand from the
problem in space with
your own words,
please. Do not forget
that the number of
sentences you write is
not important as well
as other questions.
You're supposed to

write as clearly as.

448




2) What is requested in
the above problem? Write
down what is requested in

the space, please.

What are the reasons for this problem? Write the reasons that may cause this
problem in the fishbone below, please.

3)
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4) What are your suggestions for solving the
problem above? Write your suggestions by taking

into account the stationery materials and parts of the

robot in your hands. You should try to find multiple

solutions.

5) Which solution proposal will you use to solve

this problem? Write down it in detail.
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6) What will you need to solve this problem
(knowledge, material, robotic parts...)?

Write the things you will need for the solution

7) Which actuators (parts that will act) will you need to use on your robot
in your solution? Please mark the actuators you will use below.

TLED 11 Buzzer "1Dc-Motor 1 Speaker

8) What are the sensors that you do not plan to use on your robot while
solving the problem? Cross out the following sensors that you do not intend

o use.
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e Light sensor

e Optical sensor

e Temperature sensor
e Proximity sensors

e Sound sensor

e Touch sensor

e Motion sensor

9) What algorithm should you use on your
robot to solve the problem? Think about the robot

parts you will use and draw your algorithm.
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10) What do you think will happen in your
solution? What will your robot do? Write your

expected results in the space on the side.
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Now it is time to create your algorithm for your robot on your computer!
Have your teacher check the activity sheet and do not forget to have it with

you in the next lesson.
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L. Form of Reflective Diaries and Drawings

ETKiNLiK DEGERLENDIRME FORMU
Sevgili arkadasim,

Bu formda Bilisim Teknolojileri ve
Yazilm Dersi kapsaminda gergeklestirdigimiz
Robot Fabrikasi adh etkinlik hakkinda sorular
bulunmaktadir. Bu sorulara verecegin cevaplar
“Bilisim Teknolojileri ve Bilim Uygulamalari
Derslerinin Robotik Problem Cézme Etkinlikleriile
Birlestirilmesi” konulu tez calismasinda
kullanilacaktir.  Bu sorulari dikkatlice okuyup
verecegin cevaplarin icin simdiden tesekkir

ederim.

Adin ve
Soyadin:

Okul Numaran:

Grubunuzun
Adri:

Arastirma Gorevlisi

Mustafa GULEC
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Bilisim Teknolojileri ve Yazilim Dersinde gergeklestirmis oldugumuz “Robot Fabrikasi”

adh etkinligi hayal edip asagidaki alana bu etkinligin resmini ¢izer misin?
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Bu resimde ne ¢izdin bize anlatir misin?
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Cizdigin resimde arkadasin ne yapiyor? Anlatir misin?
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Bilisim Teknolojileri ve Yazilim Dersindeki “Robot Fabrikasi” adli etkinlikte bir probleme

robotlarimizi kullanarak ¢6ziim bulmaya g¢alistik.

¢ Bu etkinlikte hosuna gidenler/gitmeyenler nelerdi?

o Etkinlik sirasinda zorlandigin zamanlar oldu mu? Neler seni zorladi1?

o Etkinlik sirasinda eger zorlandigin durumlar olduysa buralarda neler yaptin?

o Etkinlikte arkadaslarinla birlikte nasil galistin? Sence onlarla birlikte galismanin
iyi/koti yonleri nelerdi?

¢ Bu etkinlik faydali miydi? Eger faydali ise hangi acilardan faydaliydi? Sana
faydasi ne oldu?

¢ Bu etkinlikte 6grendiklerini ileride kullanir misin? Nasil? Nerede?

Simdi bu etkinlik hakkindaki diisiincelerini yukaridaki sorular dikkate alarak yazar
misin? Yukarida cevaplamadigin soru kalmamali ve diisiincelerini asagidaki yazi alanina
sigdirmalisin. Tesekkiir ederim.




M. Comparison of Robotic Available Robot Kits

Esnekligi

O-Bot M-Bot Arduino Lego
Programlama Dili I1-Dea Scrach Scrach Labview
(LV4E)
Cahsilan OS Windows Windows & MAC Windows & Windows &
MAC MAC
Tiirkce Dil Destegi Var Var Var Yok
Arayuz Sadeligi Oldukga Sade Sade Oldukga
Parca Sayis1 Az Az Cok Cok
Parca Eklenebilmesi Var- Lego Var —Ardunio Ve Var Yok-Diger
Pargalariyla Lego Pargalariyla Sistemlerle
Uyumlu Uyumlu Uyumsuz
Kaynaklar/Tiirkce Var/Var Var/Yok Var/Var Var/Var
Fiyat 155$ +Kdv 79$+Kdv 52$+Kdv 350$+KDV
Par¢a Birlestirme Kolay/Tornavida Orta/Tornavida Var Cok Zor Zor
Zorlugu Yok
Yapilabilecek Orta Orta Sinirsiz Cok
Uygulama Sayisi
Parc¢alarin Hareket Stmurlt Sinirh Sinirsiz Sinirsiz
Esnekligi
Programin Var Var Yok Var
Bilgisayrdan Bagimsiz
Calismasi
Baglanti Tipi Kablo Kablo /Blutooth Kablo Kablo
/Blutooth
Gii¢c Kaynagi Pil 6 Adt Batarya+Pil Adaptor/Usb Batarya+Pil
Set Kutusunun Var Var Var Yok
Tasinabilirligi
Diger Aygitla Kontrol Yok Var:los-Android Yok Var:los-
Android
Extra Onbilgi Yok Yok Var-Temel Yok
Elektronik
Bilgisi
Temin Edilebilirlik Orta-Tek Firma lyi-Internet lyi-Internet lyi-Internet
Teknik Servis Destegi lyi Orta lyi lyi
Ogrenci Diizeyine lyi lyi Cok Kotii Kotii
Uygunluk
Uygulamalarin lyi lyi Koti lyi
Giinliik Hayata
Yakinh@
IR Haberlesme Yok Var Yok Yok
Robot Haraket Orta Orta - lyi
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N. Activity Prescriptions

ETKiNLIK YONERGESI

Bilisim Teknolajileri ve Yazilim Dersi robot etkenliklerine hos geldin. Dénem

sonuna kadar bundan sonraki derslerimiz tamamen etkinliklerimizle gececek. Bir etkinligimiz
& ders saati kadar sirecektir. Bu ders saatleri ve igeriklerine goz atmaya ne dersin?

1. Saat 2. Saat 3, Saat 4, Saat 5. Saat 6. Saat
(5al) (Sal) (Persembe) (Sah) (5ah) (Persembe)
Etkinlige
Hazirlik Etkinlik |dea'da Diger
Yapalim ve Yapragini Robotumuzu Urlindimiizi Olusturalim Arkadaslanmiza
Video Dolduralim Programilayalim Sunalim
[zleyelim

Peki Etkinliklerimiz Nasil Olacak?
s Etkinliklerde gruplar halinde calisacagiz (3 kisi).
» Her grup yesil, beyaz ve sari renk karth Uyelerden olusacak.

s Peki, grubumuzun ismi ne olacak? Grup kurallarimiz ne clacak? Disunmeye
baslayabiliriz :)

Etkinlik Gruplar:
s Grup icerisinde gok calismamiz gerektigi icin gorev dagiimi yapmaliyiz:

Etkinlik Kagidi Sorumlusu: Her grupta etkinlik kagidina verilen ortak kararlar
yazacak, etkinlik kagidini eve gotlrlp diger derslere de getirecek olan kisi.

Malzeme Sorumlusu: Secilecek olan malzemeler icin kuraya katilacak olan ve grup
arkadaslarinin fikirlerini alarak bu malzemlerin kullanimindan sorumlu olacak kisi.

Bilgisayar Sorumlusu: Etkinlik kagidina grubun ortak karan ile cizilen algoritmay
diger grup arkadaslarinin yardimi ve katkisi ile bilgisayara aktaracak olan kisi.

s Unutmayahm grup Gyeleri tim isleri birlikte yapar fakat baz Uyeler o gorevde
diger grup arkadaslanna gore daha fazla sorumluluga sahip olabilir.

*  Aynca grup Oyeleri 6rmegin hastalik durumunda okula gelmeyebilir. Bu tip
durumlarda diger grup Uyeleri onun gorevini aksatmadan grubun isleyisini devam
ettirmelidir.

Etkinlik Sirasinda Yamimizda Neler Bulunmali?
Algilayici Kagidi:

+ Robot parcalarim kolayca hatirlamak icin etkinlikler sirasinda algilayicilarin
tantimin yapildig 6zet kagitlanm yanimizda bulundurmaliyiz.
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Etkinlik Kagidi:

s Etkinlik kagidi bize etkinlik sirasinda yardimci olmas icin hazirlanmustir. Bu
nedenle Gzerindeki tim alanlan eksiksiz doldurursak daha kolay ilerleyebiliriz.

o Etkinlik kagitlan dagitilinca dncelikle grup adini ve grup dyelerinin isimlerini
yazmamiz gerekir.

+ Etkinlik kagidi her derste yanimizda bulunmali ve dersin baslangicinda gézden
gegirilip yapilan isler ve yapilacak olanlar grup icerisinde gorisilmelidir.

Etkinlik Kurallan:

1. Grup calismasi sirasinda sessiz olmaliynz. Grup icinde ve diger gruplarla konusurken
sesimizi diger simif arkadaslanmizi rahatsiz etmeyecek dizeyde tutmaliyz.

2. Diger gruplarla etkilesim icerisinde olabiliriz. Birbirimize yardimci olmamiz glzel bir
sey ancak diger gruplar rahatsiz edici soylemlerden kaginmaliyiz.

3. Gruplar farkh huzlarda calisabilir. Diger gruplarin bizden ileride ya da geride olmasi
higbir zaman onemli olmamal ¢inki onemli olan hizimiz degil grubumuzun gizel
sekilde calisabilmesidir.

4. Yardimc malzemeler etkinliklerin sonunda Griint ortaya koyacagimiz zaman kura
ile dagitilacaktir. Burada dncelik sirasi her hafta kura ile belirlenecektir. Yardimc
malzemelerin sayisi tiim gruplara gore ayarlandig icin her grup buradaki Grinlerden
esit sayida almalidir.

5. Etkinlik kagrtlanim doldurdugumuz derslerde gruplara verilecek yardimo
malzemelerin bir ornegi tahtanin dniinde duracaktir. Bu malzemeler sadece gorip
ona gire gozimler Uretmemiz igin orada olacaklanndan bu malzemeleri almamamiz
gerekmektedir.

6. Urinlerin olusturuldugu saatlerde teneffise ¢ikilmasi zorunludur. Uriinlerimizin
bozulmamas: icin sinif kapisi kapatilacak ve ders saatinde tekrar agilacaktir. Ayrica
robot parcalanni ve yardimco malzemeleri simif disina pikarmamaliyiz.

7. Olusturdugumuz trinlerin Gzerine grup isimlerini yazmaliyiz yoksa kaybolabilir.

8. Bilgisayara kaydettigimiz idea program dosyalannin isimlerini grupismi_etkinlikad)
seklinde kaydetmeliyiz.

9. Gruplanmizla yapacagimiz bu galismalar Bilisim Teknolojileri ve Yazilim Dersi
kapsaminda degerlendirilecek ve bu ders kapsaminda notlandirilacaktir.

10. Etkinlik sonras bize verilecek olan formlar evde doldurmamiz cok Gnemlidir. Diger
etkinligin basladig giin bu formlan okula getirip 0gretmenimize teslim etmeliyiz.
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O. Peer Evaluation Form

AKRAN DEGERLENDIRME FORMU

Adin ve Soyadin:

Okul Numaran: Grubunuzun Adi:

Sevgili arkadasim,

Asagidaki tablo Bilisim Teknolojileri ve Yazilim Dersi kapsaminda bu hafta gerceklestirdigimiz ......... adl etkinlik
sirecinde difer grup arkadaslanimi degerlendirmen amaayla hazirflanmigtir. Tablodaki noktal (...} alanlara adir
yazacagin grup arkadasin hakkindaki disincelerini en ivi vansitan secenegin yamina carpi (X) isareti koyarak tabloyu
doldurur musun? Bu kisimda verecefin cevaplar kesinlikle gizli tutulacaktir.

Grubundaki lik Arkadasimin Adi ve Soyadi:

Bu bosluklara yukarida adini ve soyadini yazdigin grup Her Cofu Neredeyse
arkadaginin sadece adini yazman yeterli Zaman Zaman Bazen Higbir
| Zaman
* etkinlik sirasinda grubumuzun plamina
uygun hareket etti.
. .. etkinlik sirasinda kendi Uzerine disen
gorevlerl yerine getirdi.
.. etkinlik sirasinda kendi gorevlerini
zama nlnda tarnarnladl
. .. etkinlik sirasinda diger grup lyelerine
l,rardlml:l uldu
.. etkinlik sirasinda diger grup iyelerinin
goruslerme onem verdi.
Grubundaki Ikinci Arkadagimin Adi ve Soyad:
Bu bosluklara yukarida adini ve soyadini yazdigin grup Her Cofu Neredeyse
arkadaginin sadece adini yazman yeterli Zaman Zaman Bazen Hicbir
| Zaman

* .. etkinlik sirasinda grubumuzun plamina
uygun ha reket etti.

.. etkinlik sirasinda kendi Uzerine disen
gorevlerl yerine getirdi.

.. etkinlik sirasinda kendi gtrevlerini
zamanlnda tarnarnladl

.. etkinlik sirasinda diger grup lyelerine
vardlmm uldu

.. etkinlik sirasinda diger grup iiyelerinin
goruslerme onem verdi.

Formu doldurduktan sonra [Gtfen kagidi katlayip sana verilen zarfa koy ve zarfi Ggretmenine ver,
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P. Participation Certificate
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Q. List of Stationery Materials

Makas

Yapistirici

Fon kartonu

El feneri
Sticker

Cift tarafli bant
Elektrik bandi

Mukavva
Slikon

Yapiskanl kagit
Mandal
Seffaf dosya

Fon kartonu

Oluklu karton

Tahta kalemi

Kuru boya

Rafya

Hali kaydirmaz

Para bandi

Koli bandi

Kegeli kalem

Fon kartonu

Kece

Postit

Simli karton

Silinebilir boya

Vantuz
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R. Science Achievement Test

AD SOYAD: SINIF:

OGRENCI
NUMARASI:

SURE: 25 Dakika

FEN BIiLIMLERI TESTI

SORU 1: Asagidakilerden hangisi siirtiinme kuvvetini arttirmaya yonelik
yapilan uygulamalara bir 6rnektir?

A) Kapi1 menteselerinin yaglanmasi

B) Buzdolabinin altina tekerlek takilmasi

C) Gemilerin 6n kisminin “V” seklinde olmasi

D) Araglara kisa uygun lastiklerin takilmasi
SORU 2:

Traktdriimle asfaltta kolay, cim ekili alanda biraz
zor, toprakta ise cok zor hiz yapabiliyorum.

Ciftci Ahmet Bey’in yaptig1 aciklamanin nedeni asagidakilerden hangisidir?
A) Traktoriin 6n tekerleginin arka tekerleginden daha kiigiik boyutta olmasi.
B) Traktoriin normal araglardan farkli yakit tiiketmesi.
C) Traktoriin hareket ettigi yiizeylerde siirtiinme kuvvetinin farkli olmast.

D) Toprak alanin asfalt ve ¢im alanlara gére daha genis yiizeye sahip olmasi.

SORU 3: Siirtiinme kuvveti giinliik hayatta karsimiza hem olumlu hem de olumsuz

etkileriyle ¢ikmaktadir.
Buna gore;
I. Hareket halindeki arabanin frenine basinca durmasi
Il. Calisan makine pargalarinin bir siire sonra aginmast
I1l. Kara kalem ile kagit lizerine yaz1 yazilabilmesi
ifadelerinin hangileri siirtiinme kuvvetinin olumlu etkilerindendir?
A) lvell
B) Ivelll
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C) Nvelll
D) I, 11 ve Il
SORU 4:

Bir 6grenci bir cismin farkli yiizeyler iizerinde farkli zorlukta hareket
ettirilebilecegini géstermek i¢in asagidaki deney diizenegini hazirliyor. Bu dort
diizenekte K cismini ayn1 hizda hareket ettirebilmek i¢in 6grenci sirasiyla F1, F2, F3
ve F4 kuvvetlerini uygulamistir.

£ "

A |
¥
( !
Mermer Yiizey Buz Yiizey
1 1]
A | - |
(< Fs ="
L |
Toprak Yiizey Cam Yiizey

m v

Buna gore 6grencinin uyguladigi yukaridaki kuvvetlerden hangisi en
biiyiiktiir?

A) F1 B) F2 C)Rs D) F4

SORU 7:

v
Vs
7y

Mum Ates

wf
AR

w2

A 1
= = —<——+
- — =

KA

o VAU
Ampul Masa Lambasi

Yukarida verilen 151k kaynaklarimin hangilerinde 15181n yayilmasi dogru
olarak gosterilmistir?

A) Mum ve Ates

B) Mum ve Masa Lambas1
C) Ates ve Ampul

D) Ampul ve Masa Lambasi
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SORU 8: Asagida diizgiin bir yiizeye gonderilen 1s1na ait yansima olayinin ¢izimi
verilmistir.

c

b
U
FTPrr7Tr7rrrrirrTirrrrrTy

¢ dogrusu yiizeye dik bir dogru olduguna gore,
I. aacis1 gelme acisidir.
I. b agis1 yansima agisidir.
I1l. ¢ dogrusu yiizeyin normalidir.

ifadelerinden hangileri dogrudur?

A) lvell
B) 1l velll
C) lvelll
D) I, Il ve lll
Soru 9:
Seki.1_d§ bir E?rn.egi Veril§n giines panelleri giines enerjisini elekt‘rik
enerjisine doniistiiren sistemlerdir. Bu araglarin yayginlagmasi ile

enerji sorununa énemli dl¢iide ¢6ziim bulunmasi beklenmektedir.

Buna gore asagidakilerden hangisi bu araclarin saglayacag
faydalardan biri olamaz?

A) Giines 1ginlari ile kendi kendine biiyiiyen bitkiler
B) Giines 1sinlari ile kendi elektrigini iireten evler
C) Giines enerjisiyle hareket eden elektrikli araglar
D) Giines enerjisiyle yanip sonen trafik lambalari

Soru 10: Aydinlanmanin giinliik yasamimizdaki etkileri olumlu ve olumsuz olarak
iki grupta incelenebilir.

Buna gore;

Cem: Karanlik ortamlarin
giivenliginin saglanmasi

Cansu: Trafik 1siklar1
yardimiyla trafik akiginin
saglanmasi

468



Ceylan: Giines panelleri ile

s T elektrik tretilmesi

ifadelerini soyleyen dgrencilerden hangileri aydinlanmanin giinliik
yasamimiza olumlu etkilerine 6rnek vermistir?

A) Cem ve Cansu

B) Cansu ve Ceylan

C) Cem ve Ceylan

D) Cem, Cansu ve Ceylan

SORU 11: Isig1 gecirme ozelliklerine gore asagidaki maddeleri
smiflandirdigimizda hangisi digerlerinden farkhdir?

A) Ayna

B) Giines gozlugi

C) Buzlu cam

D) Yagh kagit
SORU 12: Her bir bolmesi farkli maddelerden yapilmis pencereden disariy1
seyreden Can asagidaki sekildeki gibi bir goriintii elde ediyor. Bu goriintiiye gore
Can, K bolmesinden bulanik bir sekilde disaridaki manzaray:1 gérebildigini, L

bolmesinden hi¢ goriintii alamadigini ve M bolmesinden en net sekilde manzaray1
gorebildigini soylilyor.

Buna gore,
I. K bolmesindeki cisim opak bir maddedir.
Il. L bélmesindeki cisim bir metal levha olabilir.
I1l. M bolmesindeki cisim saydam bir maddedir.
ifadelerinden hangileri dogrudur?
A) lvell
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B) 11 ve Il
C) Ivelll
D) I, Il ve I

SORU 13: Is1g1 geciren maddelere ...1... madde denir. Bu maddelere 6rnek olarak
...2... verilebilir. Is1g1 ge¢irmeyen maddelere ise ...3... denir ve ...4... bu
maddelere bir drnektir.

Yukaridaki ciimlelerde bos birakilan yerlere asagidakilerden hangileri
getirilebilir?

1 2 3 4
A) Opak Karton Saydam Buzlu
Cam
Buzlu Yari
B) | Saydam Cam Saydam Mermer
C) | Saydam Cam Opak Mermer
Yari Buzlu
D) Saydam Cam Opak Cam

SORU 14: Cevre kirliligi ile ilgili asagidaki verilenlerden hangisi yanhstir?
A) Hava kirliliginde insan faaliyetlerinin bir etkisi yoktur

B) Su kirliligi topraga atilan yabanci maddelerin suya karigmasi sonucu ortaya
cikar

C) Plansiz kentlesme, niifus artis1 ve sanayilesme ¢evre kirliligini arttirir

D) Isik kirliligi 151k kaynaklarinin yanlig yerde ve yanlis sayida kullanilmasi
sonucu olusmaktadir

SORU 15: Asagidaki verilen se¢eneklerden hangisi dogrudan hava Kkirliligini
onlemeye yonelik bir uygulamadir?

A) Geri doniistim olabilen maddelerin hammadde olarak kullanilmasi
B) Tarimda dogal giibrenin kullanilmasi
C) Ulasimda kisisel araglar yerine toplu tasima araglarinin tercih edilmesi
D) Verimli toprak alanlarin kentlesmeye kapatilmasi
SORU 16:
I. Fabrikalarin baca sistemlerinde filtre kullanilmamasi

Il. Tarim alanlarinda yapay giibre ve ilaglarin fazla kullanilmasi
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I1l. Plansiz kentlesme ile sehirlerde niifusun artmasi
Yukaridaki verilenlerden hangileri cevre Kirliligine neden olmaktadir?
A) lvell
B) 1l velll
C) lvelll
D) I, Il ve lll
SORU 17:

I. Fosil yakit kullanimin1 azaltmalar1 i¢in insanlari bilgilendirici poster
hazirlamak

Il. Evsel atiklarin geri doniisiime kazandirilmasi i¢in proje baglatmak

I1l. Tarim ilaglarinin yanlis kullaniminin 6niine ge¢mek i¢in ¢iftcileri
bilgilendirici bir film yayinlamak

Yukaridaki ifadelerden hangisi ¢evre Kirliligini 6nlemeye yonelik alinabilecek
tedbirler arasindadir?

A) lvell
B) Il ve lll
C) lvelll
D) I, Il ve lll

SORU 18: Fen bilimleri dersinde “Y1ikict Doga Olaylar1” konusu i¢in bir grup
Ogrenci asagidaki bilgi fislerini hazirlamigtir.

Ali Deprem bolgesinde cok katl

binalar yapilmamalidir.

Ayse Ulkemizde deprem olayinin

goriilmesi miimkiin degildir.

Atakan Depremin ne zaman

gerceklesecegini bilemeyiz.

Aysel Deprem ¢antasinda ilk yardim

malzemeleri bulundurulmalidir.

Buna gore 6grencilerden hangisinin fisinde verilen bilgi yanhstir?
A) Ali
B) Ayse
C) Atakan
D) Aysel
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SORU 19: “Depremler engellenemez ancak alinacak kii¢iik 6nlemlerle zararlar
azaltilabilir” diisiincesiyle ii¢ kisi evlerinde yaptiklar1 davranislar1 soylemistir.

Ayse: Mutfaktaki cam kavanoz ve siseleri kilitli ya da kapali bir dolaba koydum.
Ali: Atlamak i¢in en yakin balkon ya da pencerenin yerini 6grendim.
Ahmet: Tavanda bulunan aydinlatma araglarinin baglantilarin1 saglamlastirdim.

Bu bilgilere gore bu kisilerden hangileri deprem éncesinde yapilmasi gereken
hazirhklardan birini yapmistir?

A) Ayse ve Ali

B) Ayse ve Ahmet

C) Alive Ahmet

D) Ali, Ayse ve Ahmet

SORU 20: Bir bolgede gerceklesen depremin meydana gelme nedeni asagidaki

seceneklerin hangisinde dogru verilmistir?
A) Ay’in olusturdugu gel-git hareketi
B) Topragin yergekimi ve egim etkisiyle asagi dogru hareket etmesi
C) Yer kabugunu olusturan levhalarin hareket etmesi
D) Hizli esen riizgarlarin kendi kuvvetinin yaninda gevresini de etkilemesi

SORU 21: Asagidaki verilenlerden hangisi deprem sirasinda yapilmasi
gereken bir davramstir?

I. Saglam bir I1. Evin giivenli
esyanin yanina | yerlerini tespit edip
kapanip, bagimizi korunma plani
korumak. yapmak.
I11. Diisebilecek | 1V. Evdeki sigorta
esyalar1 duvara ve vanalarin
sabitlemek. yerlerini
O0grenmek.
A)l B) I C) D) IV

Test sorularit MEB Olgme, Degerlendirme ve
Sinav Hizmetleri Genel Muduirligii (ODSGM)
ve Egitim Bilisim Agi (EBA) tarafindan

saglanan iceriklerden uyarlanmistir.
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S. Unplugged Algorithm Quiz

Ad-Soyad

Sumf

Numara

Siire 25dk

Baglantisiz
Algoritma Sorular1

1. Cok fazla susayan kurbaga su bulabilmek igin biiyik ¢aliliklarin arasindan gegebilecegi dogru
yolu bulmasi gerekmektedir. Sence kurbaga dogru yolu bulabilmek i¢in hangi algoritmay:
kullanmalidir? Kurbaganin musluga ulasmak i¢in kullanmasi gereken adimlari asagidaki adim
listesine yazmaya ne dersin? ilk dért adim senin igin yazild1 bile.

Kuzey

Bat Dogu
Giney
1. Adim: Basla 6. AU e
2. Adim: Ugiincii kareye ilerle ve giineye dén T AU oot e
3. Adim: Sekizinci kareye ilerle ve doguya dén B AN ..

Quiz
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2. Asagida dis fircalamak icin gerekli alti adim karisik olarak verilmistir. Dis fircalama
algoritmasini olusturmak icin bu adimlarin sira numaralarim verebilir misin? {lk adim senin

icin yapildi

Dis macununu dis firgasina dikkatlice

hi¢ macun kalmayacak sekilde
temizleyelim.

LT Adim:.......
stirelim.
e
‘ Dis firgamiz1 ve dis macunumuzu Adime..
kutusuna koyalim.
al
i
' Dis firgamizi bir elimizle tutalim. Adime.1.
- Dis firgamizi dislerimize siirerek onlan Adime..
firgalayalim.
iy
Agzimizi hic dis macunu kalmayacak Adme.....—.
sekilde suyla calkalayalim.
\
Dis firgamizi suyla giizelce lizerinde Adim.........
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3. Asafida suya ¢ok ihtiyaci olan bir ¢igege su tasimak isteyen yagmur tanesinin kullanmis oldugu
yol oklarla cizilerek Sekil-1'de verilmistir. Bu yolu bulmak igin yagmur tanesinin kullandig
algoritmay1 tahmin eden bir kisi ise Sekil-2'deki algoritmay1 olusturmustur. Fakat hazirlamis
oldugu algeritmayi kontrel ederken, bazi adimlarinin hatah oldugunu fark etmistir. Sence bu
kisi algoritmasinda hangi adimlan yanlis vermistir? Hatali olan adimlari hemen alttaki bosluga

diizelterek yazar misin? Yapilan ilk hatali adim senin icin bulundu ve diizeltildi.

Sekil-1 Sekil-2
1.Adim: Basla
Kuzey .
2.Adim: Ugiinci kareye ilerle ve
1 2 3 4 5 ] . N
{f\ Y (j\ (5\ giineye diin
- | | |
- - -;’—— -’;—— ‘: ™ BT 3.Adim: On besinci kareye ilerle ve
12
(Jf\ doguya dén
2 4. Adim: On altinci kareye ilerle ve
13 14| as)| _s] 17| 18 ) )
Bati AR Do giineye dén
2 Ls L—b‘ & ogu
—— 5. Adim: Otuzuncu kareye ilerle ve
é (_‘Ea\] (E‘f\ doguya dén
F - - .
' = 6. Adim: Yirmi altinci kareye ilerle ve
= "'_:‘\26 (f\z (.'E\za ':‘:‘\Tg ah kuzeye dén
= FAAT & |
Gimey 7. Adim: On dérdiincii kareye ilerle ve
doguya dén
8. Adim: On dokuzuncu kareye ilerle
9. Adim: Bitir

Algoritmadaki Hatalh Adim ve Yapilmasi Gereken Diizeltmeler

4. Adim: “On altinc kareye ilerle ve giineye don” yerine “On sekizinci kareye ilerle ve
giineye don olmal”
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4. Asagidaki isimleri ve sekilleri verilen alag semas: elemanlar karismis. Bu elemanlarin isim ve
sekillerini islevleriyle eslestirebilir misin? Elips elemani senin icin eslestirildi bile.

1 1 Algoritmadaki sembolleri birbirlerine
— baglamak ve akas yoniinii gostermek igin
Elips kullambr. —
2 Bu sembol bir duruma karar verme |
—eeed merkezidir. Birkag farkh secenek varsa bu
Dikdértgen sembol kullanmlarak secenekler yazilir. L=1
R D 2 U I
E;l“u-:-ﬁ-s.xr Algoritmalarin akisinda yapilacak alan =]
eylemi / islemi belirtmek icin kullanihr.
Dértgen
4 R Alag baslatan ve bitiren gekildir. X
— Algoritmamizin baslangicinda ve bitisinde 1|
0Ok " bu sembolii kullaniriz. /

5. Asagida adimlarn verilen ayran yapma algoritmanmn akis semasini yanindaki bos alana ¢gizmeye
ne dersin? ilk adim senin icin yapildu.

Ayran Yapim Akis Semasi

Adim 1:Basla

Adim 2: Yogurdu kaba koy.
Adim 3: Su ekle.

Adim 4: Cirp.

Adim 5: Tuz koy.

Adim 6: Tekrar girp.

Adim 7: Bardaga doldur.

Adim 8: Bitir.
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6. Asafida sabah rutini algoritmasinin adimlar kangik olarak verilmistir. Bu adimlarin verilen
akis semas icerisine yerlestirilmesi gerekmektedir. Bunu yapmaya ne dersin? llk adim senin

icin yazildi bile.
Sabah Rutini Akis Semasi
|
Bagia ¥
Ellerini ve Yiizinii Yika :
Semsiyeni Yanna Al ¥
Yataktan Kalk I
Kahvaltim Yap 1
Hava Yagmurlu mu? I
Kiyafetlerini Giy I

'
Semsiyeni Evde Birak
Hawir Evet
Bitir
Evden Cik

-

477



7. Kisin soguktan yazin ise sicaktan sebzeleri zarar goren bir giftci, serasinin giirekli hava
sicakligini kontrol edip ortamdaki hava sicakligim 20 santigrat derece civarlarinda tutmak
istemektedir. Bu sistem i¢in sicaklik 20 santigrat derecenin altina diistigiinde ortami 1sitan, 20
santigrat derecenin iistiinde ise ortami sogutan bir akis semasi kullanan giftgimiz akis semasi
elemanlarin ¢izmis fakat tamamlayamamistir. Sadece yénlendirme elemanlarinin eksik oldugu
asagidaki akas semasina oklan kullanarak istedigi 6zellikte bir sistem olusturmasi igin

ciftgimize yardimer olur musun? ilk yonlendirme eleman: senin icin ¢izildi bile.

Isitma Sistemi Akis Semasi

Basla

/ DrtammSlcakhgmlﬁl/

I Ortamu Isit I | Ortamu Sogut
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T. Activity Sceniorios

Robot Fabrikasi

Tiirkiye’nin ilk insansi robot fabrikasi 2017 yilinin Kasim ayinda Konya’da seri iiretime
gecti. Fabrika “Akinsoft” isimli yazilim firmasina ait 2 bin 700 metrekaresi kapali
toplam 11 bin metrekare alandan olusan oldukga biiyiik bir tesis olma 6zelligine sahip.
Ilerleyen dénemde robot bilim insan1 olarak bu fabrikada ¢alistiginizi hayal edin.
Miisterileriniz robotlarin kaygan zeminlerde hareket ederken zorlandiklarindan sikayet
etmekte ve firma olarak bu soruna ¢6ziim bulmanizi istemekteler. Bu durumda
robotlarin farkli zeminlerde rahatlikla hareket etmeleri icin neler yaparsiniz?
Robotlarimizi bu sorun karsisinda yeniden tasarlamaya ne dersiniz?

Robot Factory (English Version)

Turkey’s first humanoid robot factory in Konya began mass production in November
2017. The factory, which consists of a total of 11 thousand square meters, of which 2
thousand 700 square meters are closed, belonging to the company named “Akinsoft”,
has the characteristic of being a very large facility. Imagine that in the future, you are
working as robot scientist in this factory. Your customers are complaining that they have
difficulty in moving robots on slippery floors and they want you to find a solution to this
problem as a company. In this situation, what would you do to make robots move
comfortably on different kinds of floors? How about designing your robots again to
solve this problem?

Giinesin Zararh Etkilerinden Koruyan Robot

Piril piril giinesli giinlerde disarida vakit gegirmek gibisi yoktur. Iyi hissettirmesinin
yaninda, giines 1sinlar1 6zellikle kemik gelisimi i¢in ihtiyacimiz olan “D vitamini” i¢in
en 6nemli dogal kaynagimizdir. Bu olumlu 6zelliginin aksine giines 1sinlaria
gereginden fazla maruz kaldigimizda basta giines yaniklar1 olmak {izere istenmeyen bir
¢ok sonugla karsilasabiliriz. Ayrica bu durum bazi cilt hastaliklarina da neden
olmaktadir. Bu durumdan insanlar1 korumak i¢in acaba robotlarimiz ne yapabilir?
Insanlar1 giines 1sinlarinin zararl etkilerinden korumaya yardimet olabilecek bir robot
tasarlamaya ne dersiniz?

Robot Protecting From The Harmful Effect Of The Sun (Lifeguard Robot)
(English Version)

There is nothing like spending time outside on bright sunny days. Besides feeling good,
the sun rays are our most important natural source for the “vitamin D” we need
especially for bone development. Contrary to its positive effects, when we are exposed
to sunlight more than necessary, we encounter many undesirable consequences like
sunburn. Additionally, this situation may cause some skin diseases. What can our robots
do to protect people from this situation? How about designing a robot that can help
people for the harmful effects of the rays of the sun?

Yardimsever Robot

Tilim diinyada oldugu gibi iilkemizde de deprem, sel, heyelan ve kasirga gibi yikici doga
olaylar (dogal afetler) oldukca sik goriilmektedir. Dogal afetler bir kez bagladiginda
durdurulmas1 miimkiin olmayan ve sonuglariyla insanlara gesitli zararlar verebilen
olaylardir. Ne yazik ki yikici doga olaylarindan en fazla zarar géren insanlarin basinda
engelli bireyler gelmektedir. Dogal afetlerin olusumunu engelleyemeyiz fakat
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alabilecegimiz tedbirlerle yikici doga olaylarinin engelli bireylere verebilecekleri
zararlar1 en aza indirebiliriz. Sizce bu tedbirleri almamizda robotlar bize nasil yardimci
olabilir? Yikici doga olaylarina karsi engelli bireylere yardimci olabilecek bir robot
tasarlamaya ne dersiniz?

Helpful Robot (Savior Robot) (English Version)

Destructive natural events such as earthquakes, floods, landslides, and hurricanes
are often seen in our country and around the world. Natural disasters are events
that cannot be halted when they begin. They also cause various harm to people
with their consequences. Unfortunately, individuals with disabilities are the most
damaged people from devastating natural phenomena. We cannot prevent the
occurrence of natural disasters, but with precautions that we take, we can
minimize the damage of them on people with disabilties. How can robots help us
in taking these precautions? How about designing a robot that can help disabled
individuals against destructive natural phenomena?

Giinesin Zararh Etkilerinden Koruyan Robot

Her giin 6niinden gectigimiz ¢op kovalar1 nem agisindan zengin ortamlardir. Bu
nedenle, igerisine bir yiyecek atildig1 anda ¢Op kovalar1 mikroplar i¢in ideal bir tireme
ortami haline doniisiiverir. Sonug olarak, insanlar basta olmak {izere bu ortamlara maruz
kalan tiim canlilari ¢esitli saglik sorunu beklemektedir. Ayrica bu ortamlar, yaydiklar
kotii koku nedeniyle bulunduklar1 ¢evrenin yasam kalitesini de oldukga etkilemektedir.
Acaba robotlarimiz bu konuda neler yapabilir? Cop kovalariyla ilgili bu sorunda
insanlara yardimci olabilecek bir robot tasarlamaya ne dersiniz?

Environmental Robot (Scavenger Robot) (English Version)

The garbage bins that we pass through almost everyday are moisture-rich environments.
When food is thrown away, garbage bins turn into an ideal breeding ground for
microbes. As a result, living creatures, especially people exposed to these environments,
may have several health issues. Also, these environments, due to the bad odor they emit,
significantly affect their close circles. What can our robots do for this? How about
designing a robot that helps people with the problem of garbage bins?
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U. Guideline in Turkish

Klavuz

Etkinlik Asamasi :

1. HAZIRLIK:
1.1.Hazirlik Kontrolii

o Smif diizeyi

e On bilgi kontrolii

o Gerekli becerileri arama

e Yanlig anlamalar1 kaldirma
e Ogretmenin hazirlig

e Altyap1 kontrolii

1.2.08renmeyi Organize Etme

e Ogrenci sayisi

e Ekipman sayisi

e Aktivite yapisini siirdiirme
e Yedek 6gretmen saglama

e Gruplar1 olugturma

2. GIRIS:

2.1.Motivasyon Arttirma

e Teknoloji kullanma
e Tanitim videosu kullanma
e Isbirligine tesvik etme

2.2 .Ekipman Saglama

e Kaynaklar kolayca ulasilabilir kilma
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3.4.5.KAGIT CALISMASI- PROGRAMLAMA-URETIM
3.1.Destek

e Etkinlik yapragi kullanimi

e Ogrencileri yénlendirme

e  Akran yonlendirmesine tesvik etme

e  Ogretim yardimcilari saglama (programlamada)

3.2.Yayein Sorunlari Ele Alma

e Giiriiltiiyti 6nleme
e Grup sorunlarini agma

¢ Kirtasiye malzemeleri dagitma (tasarimda)

6. DEGERLENDIRME:
6.1.Guivenilirlik
e Hedefleri dikkate alma

e Olgme arac1 kullanma (etkinlik yapragi, yansitici giinliik, akran
degerlendirme formu)

6.2.Coziimleri Sunma

e Basar hissini garanti etme

e Teknik ve tasarima dayali agiklamalar1 kabul etme

7. KAPANIS:

7.1.Katilimi Dogrulama

o Sertifika saglama
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