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ABSTRACT

INVESTIGATING SEVENTH GRADE STUDENTS’ METACOGNITIVE
PROCESSES DURING AND AFTER COLLABORATIVE LEARNING: A
MULTIMETHOD STUDY IN SCIENCE CENTER CONTEXT

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

September 2020, 413 pages

Metacognition is a fuzzy term and needs deeper investigation in different learning
context to inform the psychological learning theories and instructional design
practices. Science centers among the world provide life-long learning environments
for the citizens. As they become widespread, the constant need to understand cyclical
educational and organizational practices to inform instructional design practices
under the lens of theoretical perspectives have become one of the primary issues to
deal with. Figuring out the current educational and instructional design
considerations might give a privilege to designers, practitioners, and researchers to
understand in which conditions learners are at the core of the educational processes.
For a deeper investigation of instructional design issues within the science centers,
this qulitative inquiry-driven multimethod study underpinned the current practices
of science centers and investigated the indicators of individual and shared
metacognition within these learning environments. Underpinning the current
practices led to propose instructional design considerations that might increase the

educational effectiveness in science centers, and provide an auxiliary resource for



researchers from different professional branches who are engaged in or prepared to
make researches on science centers. Whereas, investigating the indicators of
metacognition within science center settings both informed the learning theories and

instructional design practices.

Keywords: Science Centers, Instructional Design, Eye-Tracking Methodology,

Collaborative Learning, Metacognition
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YEDINCIi SINIF OGRENCILERININ iSBiRLiKLi OGRENME
SIRASINDA VE SONRASINDA USTBILISSEL SURECLERININ
INCELENMESI: BiLiM MERKEZi BAGLAMINDA COKLU YONTEM
CALISMASI

Tiirkmen, Gamze
Doktora, Bilgisayar ve Ogretim Teknolojileri Egitimi
Tez Yoneticisi: Prof. Dr. Zahide Yildirim

Eyliil 2020, 413 sayfa

Bulanik bir terim olan {istbilis, Ogrenme teorilerini ve Ogretim tasarimi
uygulamalarin1 bilgilendirmek icin farkli 6grenme ortamlarinda daha derin bir
aragtirmaya ihtiyag¢ duymaktadir. Diinyadaki bilim merkezleri vatandaglar icin
yasam boyu O0grenme ortamlari sunmaktadir. Yayginlastikca, teorik bakis agilari
cercevesinde 0gretim tasarimi uygulamalarini bilgilendirmek i¢in dongiisel egitim
ve organizasyonel uygulamalar1 anlama ihtiyaci siirekli olarak ele alinmasi gereken
oncelikli konulardan biri haline gelmistir. Mevcut egitim ve Ogretim tasarimi
hususlarini anlamak, tasarimcilarin, uygulayicilara ve aragtirmacilara 6grenicilerin
hangi siireclerde egitim siire¢lerinin merkezinde oldugunu anlama ayricaligim
verebilir. Bilim merkezlerindeki dgretim tasarimi konularinin daha derinlemesine
arastirtlmasi i¢in, bu nitel sorgulamaya dayali ¢oklu yontem caligmasi, bilim
merkezlerinin mevcut uygulamalarini desteklemekte ve bu 6grenme ortamlarindaki
bireysel ve paylasimli iistbilis gostergelerini arastirmaktadir. Mevcut uygulamalarin
desteklenmesi, bilim merkezlerinde egitim etkinligini artirabilecek dgretim tasarimi

ile ilgili diislincelerin 6nerilmesine ve bilim merkezlerinde arastirma yapan ya da bu

vil



merkezlerde aragtirma yapmaya hazirlanan farkli meslek dallarindan aragtirmacilar
icin yardimci bir kaynak saglanmasima yol agmistir. Bilim merkezi ortamlarinda
iistbilis gostergelerinin arastirilmast ise hem O6grenme teorilerini hem de 0gretim

tasarimi uygulamalarini bilgilendirmistir.

Anahtar Kelimeler: Bilim Merkezleri, Ogretim Tasarimi1, Gz Izleme Metodolojisi,

Isbirlikli Ogrenme, Ustbilis
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CHAPTER 1

INTRODUCTION

Scientific knowledge and interest in science are decisive factors in our understanding
of the world and our actions. Acquiring the basics of scientific knowledge and
gaining interest in science begin in school ages in terms of access to scientific ideas.
The acquisition of impeccable scientific knowledge is not merely the involvement of
citizens in these processes to shape professional goals and scientific discoveries.
Moreover, encouraging each individual in a society to discover scientific reasoning
methods to develop a shared understanding is one of the essential aims of science
education. Interest is one of the factors having a central role in predicting students’
learning processes, the quality of learning outcomes, and the sustainability of
learning over time, as well as their achievement and knowledge development.
Although there is a relationship between interest and success, there is no conclusive
finding on the conditions under which circumstances this relationship exists. Not
only differences in subject matters but also differences in learning environment
designs and educational processes might cause uncertain results for the relationship
between scientific interest and success.

Metacognitive processes that emerged during the involvement in educational
activities play a crucial role in students’ successful scientific reasoning and learning.
To fully understand the importance of metacognitive processes during students’
conceptual learning activities, looking deeper into the science curriculum is meant
to provide a consistent baseline with the theoretical orientations. The new science
curriculum of Turkey considered “metacognitive processes” under the competence
of “learning to learn” which refers to “the ability of the individual to pursue and
insist on learning so that s/he can organize his/her learning action individually or in
groups, including effective time and knowledge management.” In addition to the

definition under the competence to “learn to learn”, it provides recommendations on



which learning strategies can be applied in which environments offering science
centers also for out-of-school experiences. Therefore, it is crucial to design such in-
school and out-of-school learning environments, referring to inquiry-based research
to make students learn meaningfully and permanently.

The importance of designing learning environments according to learning strategies
is mentioned, and it is emphasized that informal learning environments can also
benefit from learning processes. The science curriculum also offers informal learning
environments such as science centers, museums, planetariums, zoos, which are also
essential to carry out student activities with their peers and facilitate developing
contradictory arguments in response to peer’s claims. Although it was emphasized
in the science curriculum prepared in 2018, these environments should be designed
in a way to support peer learning within the school atmosphere; it is said that these
competencies can be transferred to informal learning environments for the recently
prepared curriculum. As being informal learning environments, science centers
provide a learning environment by providing opportunities such as tours for
exhibition units and workshop facilities for active learning of the scientific concepts.
Science centers have been widespread as informal learning environments drawing
the attention of the majority of the population, including school groups, families, and
individuals from different ages and backgrounds. Science centers maintain a constant
renewal period for their organizational and educational processes due to its complex
and dynamic nature to communicate science effectively to the aforementioned
enormous population. As being practical tools in science teaching for being used by
many teachers and researches, science centers’ challenge in structuralizing
organizational and educational processes and how practices being used in
instructional design impact learning to enhance effectiveness is still searching for
answers. Studies focusing on the impact of instructional design on learning in such
environments have various interventions for educational practices such as
worksheet-design (Hauan & DeWitt, 2017; Nyamupangedengu & Lelliott, 2012),
augmented reality technologies or knowledge-building scaffolds (Yoon, Elinich,
Wang, Steinmeier, & Tucker, 2012).



Science centers aim to bring science to society in a fun way and to increase interest
and curiosity in science. They also function as areas for activities and practices for
specialized groups (non-advantageous individuals, migrants, refugees, mothers,
teachers, etc.). Science centers are also essential for carrying out extra-curricular
activities. Science center educators offer students an enriched learning environment
with the guidance of volunteers or teachers. Interactive exhibitions, experimental
equipment, and workshops to provide an in-depth understanding of concepts; is one
of the critical tools and activities of science centers. It is thought that such activities
facilitate conceptual understanding of visitors and contribute to their long term recall.
J. H. Falk and Needham (2011), in their study conducted at the California Science
Center between 2000 and 2009, reported that 87 percent of parents had increased
awareness of their children’s understanding of science and technology. Similarly,
parents’ verbal accounts suggest that their children’s interest in science and
technology is expanding. That cognitive outcomes such as cognition or learning are
higher than those affective outcomes. In this study, J. H. Falk and Needham (2011)
investigated whether the definition of “homeostasis” was correctly answered by the
visitors of the science center over time. And, they found that a large proportion of

visitors remembered the definition of the concept correctly.

While investigating the widespread effects of science centers on society, conceptual
understanding and learning-oriented studies have been one of the primary sources.
Although these studies are multi-faceted, for accurate learning prediction, long-term
ethnographic studies are needed. Bamberger and Tal (2008) conducted oral
interviews with people visiting the science center after 16-month-duration, and they
found that very few students established a connection between the identified topics.
Although the fewness in developing relationships, they emphasized the importance
of visits to the science centers regarding the acquisition of learning outcomes, the
link between different sources of information, and supporting life-long learning.
During group visits, sharing students’ knowledge with their peers plays a vital role

in ensuring that learning is effective.



In addition to learning from peers, it is essential to differentiate the metacognitive
processes referring to different learning environments, including informal learning
environments and classroom settings. The reason for this is that these two
environments have different learning dynamics. In the science center environments,
students have a potential chance to develop their conceptual understanding while
experiencing different exhibition units by free-exploration. One leg of instructional
design researches is keen on finding the differences between students’ pre- and post-
conceptual understanding ratings. Yoon et al. (2012) investigated how knowledge-
building scaffolds promote collaboration by encouraging them to discuss scientific
concepts among their peers. Therefore, conceptual knowledge survey and open-
ended questions were applied among students, and their level of conceptual
understanding was measured. Findings suggested that digital augmentation
promoted conceptual understanding of students. Furthermore, an increase in
theorizing about the phenomenon also suggested students need to be scaffolded for
advanced learning. Therefore, Yoon et al. (2012) suggested digital augmentation for

conceptual development of scientific knowledge within science center environments.

In addition to technological implications, Achiam, Simony, and Lindow (2016)
conducted a paleontology program by prompting questions embedded in objects and
observed how museum visitors’ authentic science learning experiences could
contribute to paleontologists’ design for the target concepts. As another example,
Holmes (2011) conducted experimental research under four conditions on changes
in students’ motivation and academic achievement scores for scientific conceptual
learning during a visit to a science museum. Results revealed a significant
relationship between students’ visits to the museum, and both academic achievement
and level of motivation with a smaller effect size occur for delayed post-tests. The
small effect was interpreted due to the novelty of the environment. Similarly,
Guisasola, Solbes, Barragues, Morentin, and Moreno (2009) found a significant
increase of students’ conceptual understanding regarding the special theory of

relativity after designing the teaching sequence for a guided visit based on contextual



model of learning due to collaboration with the teacher for pre-during and post-visit

activities (J. H. Falk & Dierking, 1997).

Another leg of the instructional design in science center environments is focusing on
the interaction design for exhibition units. Flag (1990) developed a digital interactive
exhibit that was also asked for refinement of the target audience about the exhibit’s
appeal, comprehensibility, accessibility, and responsiveness. Based on paper-based
formative evaluation due to a tight budget, the science museum video disc was
redesigned for the satisfaction of audiences’ preferences and recommendations. This
study involved three legs of instructional design for an interactive exhibit, which are
instructional designers, researchers, and the target audience. And it supported the
collaboration between practitioners, researchers, and the audience leads to more
effective instructions. Recent research by Roberts and Lyons (2020) offered a
framework for coding learning talk among museum visitors while they are engaging
in interactive exhibits either in full-body or in handheld conditions. Being driven by
sociocultural theories of learning, they gave importance to idiosyncratic social
learning talk for designing exhibits with distinctive learning objectives and for
promoting visitors for talking on their specific aims in situ. Their experiment results
revealed that visitors in handheld condition produced significantly more learning talk
compared to the full-body condition, which was taken as a condition driven by
theories based on embodied cognition. They argued that the reason why interaction
between visitors and interactive exhibits did not produce more learning talk might
be the fluency of actions. Besides, since any delayed conversation among visitors
could not be captured, the long-term effect of this intervention was not detectable.
Such kind of research specifies the needs of exhibit design based on a sociocultural
theory perspective during visitors engage in exhibits in a meaningful way. So, these
researches might also be useful for gaining learning outcomes compatible with the

learning objectives.

Considering the critical factor in exhibit design, the compatibility of learning
objectives with the exhibition units is a critical issue. In other words, compatibility

refers to establishing a linkage between the design of the exhibit and the lesson unit.



So, compatibility may facilitate the design and implementation of a teaching
sequence adopted to the science museum visit. In addition to the compatibility of
learning objectives, clarity of the learning objectives of the exhibits is vital for
specifying the teaching sequence. As the content and learning objectives of the
exhibits are more comfortable to make sense, for the design of a guided visit to the
science museum may consider setting a bridge between goals of exhibition units and

lesson unit objectives by teachers.

Similarly, Liu, Chen, and Hwang (2018)examined the difference between students
either visiting the exhibition with mobile label assisted system designed as a context-
aware technology and in a traditional way to answer the questions (i) whether there
is a significant learning performance difference or not, (ii) whether there is a
considerable visiting stay-time difference or not and (iii) what kind of difference in
behavioral patterns among two groups exist. After they designed the label instruction
based on the 5E learning cycle, pointing out engagement, exploration, explanation,
elaboration, and evaluation phases, two groups were compared in a quasi-
experimental setup. While no significant difference was revealed for learning
performance among mobile-assisted and traditional group students, there existed a
considerable difference in visiting stay-time among them. Besides, they conducted a
sequential lag analysis to see the difference in behavioral patterns. And, the analysis
showed that the mobile label assisted the visiting group had focused on each learning
task in scope of instructional design and followed each activity one by one rather
than passing from one task to another without focusing on them. This study proposes
that context-aware technology developed as a guide-tour may have long-term
benefits by making visitors focus on each task rather than skipping them after a quick

engagement.

Besides studies focusing on conceptual understanding and interaction design for
exhibition units, design for guided visits has been discussed as well. Nelson (2015)
examined the possibility of implications of Merrill’s first principle of instruction
regarding three learning in museum perspectives: (i) contextual model of learning (J.

H. Falk, 2011), (i1) design for intrinsically motivating exhibits (Perry, 2012) and (iii)



learning by engaging with museum objects (Vayne, 2012). Nelson (2015) utilized
the significance of real-world problems mostly encountered in science, and
children’s museums can promote learning in an informal context, referring to
Merrill’s first principle. The reason for this utilization is related to the importance of
visitor’s prior knowledge before engaging in exhibits in a museum context. Also,
familiarization of the faced problems in the museum context may contribute to the
activation of existing prior knowledge to solve the issues inherited, which promotes

implicit learning.

Studies focusing on the instructional design show that due to science centers’
complex and dynamic nature, each science center may have its own educational and
organizational processes to compensate for their extensive workload. Studies on the
school-museum partnership show that educational effectiveness can be possible.
Houseal, Abd-El-Khalick, and Destefano (2014) investigated the teacher’s crucial
role in students’ learning of inquiring and science concepts in informal learning
environments within the scope of student-teacher-scientist partnerships program.
The study suggests that teachers have a mediator role responsible for making
students gain inquiry learning skills within informal learning environments. It seems
that the partnership which puts the teachers in the center has a higher impact on both
increasing students’ content knowledge and making them develop positive attitudes
toward scientists. Hence, specifying the roles for each agent may provide a shared
understanding regarding the science center visits with distributed roles of agents.
Since each agent of the science center visit may be able to access detailed
descriptions regarding the visit, they will be possibly accustomed to their roles before
and after the visit. Therefore, the collaboration level between agents may be
maximized for ensuring educational effectiveness. Similarly, Tal and Steiner (2006)
conducted a qualitative study in which they investigated the patterns of teacher-
museum staff relationships in three phases as while planning, during and end of the
visit. The study revealed the situations which describe that teachers who are involved
in planning the educational activities provide opportunities for enhancing the quality

of educational activities.



The above paragraphs illustrated the importance of scientific knowledge and
conceptual understanding among society members. Although formal learning
environments include objectives for the acquisition of scientific knowledge, informal
learning environments also have a life-long effect. The high collaboration level
between different partnership institutions and agents might be enhanced by
analyzing the needs and providing comprehensive suggestions. Furthermore,
detecting and specifying metacognitive processes within the educational settings
might offer a useful conceptual and practical tool for instructional design in science

center environments.

1.1 Problem Statement

The presence of an alternative learning environment to formal learning environments
in Turkey context with the expansion of science centers has the educational potential
to provide rich learning environments. By providing extra-curricular activities,
science centers have a role in promoting scientific concepts in teaching as well.
Therefore, organizational and educational processes within the science centers are
essential to be focused on enhancing educational effectiveness within the long-term
period. Although science center activities have been added to the science curricula
in recent years, discussion on how to build operations within these environments is

still preserving its freshness.

Many researchers argue that metacognition plays a vital role in successful learning.
It is foreseen that there is a need to develop instructional approaches by integrating
the mechanisms of metacognitive processes (Y. Kim, Park, Moore, & Varma, 2013).
Although metacognitive processes have been studied in the classroom and informal
learning environments, researchers have not provided a comprehensive framework
of teaching approach to these specific settings. Falk’s contextual model of learning
framework (2009) does not offer a suggestion for metacognitive processes while
defining learning activities in science center environments. To suggest activities

which can provide metacognitive development in the context of science centers,



these processes should be examined by considering individual, social and
environmental components. To increase educational effectiveness, studies that

consider these components in the science center environment are needed.

1.2 Purpose of the Study

This research aims to investigate the metacognitive processes of the seventh-grade
students in science centers during their conceptual understanding of scientific
concepts by considering individual, social, and environmental factors in a holistic

way.

The study aimed to examine the current situation of science centers in Turkey and to
investigate metacognitive processes among seventh-grade students within science
centers during scientific conceptual understanding. The purposes are three-folded for
potential instructional design issues within science center environments. The first
one is to examine the current activities and implications of science centers in Turkey.
The second one is to identify the science center educators’ metacognitive processes
across three different cases during the guided school visit. Besides, to determine the
metacognitive processes of students in collaboration during scientific conceptual
understanding and to investigate how they evaluate their video products after science
center experience. The overall aim of this study is to bring science teachers, science
center educators, and students together and investigate the ways of increasing the
educational effectiveness of science center environments for autonomous learners
from the metacognition perspective. By considering the issues as mentioned earlier,

the following questions constituted the research questions of this study.



121 Research Questions

1. What are the current practices in science centers based on science center
educators’ and science teachers’ experiences?
a. What are the current educational practices in science centers?
b. What are the current organizational practices in science centers?
2. What are the indicators of implicit metacognitive actions of science center
educators through the guidance phase when interacting with students?
3. What are the indicators of individual metacognition in science center
environments?
4. What are the indicators of shared metacognition among peers during the

collaborative activity?

1.3 Significance of the Study

This study provides contributions to metacognitive processes within informal
learning environments, more specifically science center environments, regarding
three dimensions as theory, methodology, and practical implications. First of all, the
theoretical foundations of metacognitive processes promote the studies conducted
with individual learners. However, it is still a matter of curiosity how metacognitive
processes change when collaborative learners are on the stage under the influence of
the theory of mind. Also, cognitive tools and learning in different learning
environments will help to consolidate the theoretical foundations of metacognitive
processes and facilitate achieving a dynamic theoretical perspective. Considering
environmental factors (human, teaching strategy, cognitive tools, etc.), micro-
movements (eye movements, finger movements, etc.) and determinants at the macro-
level (academic achievement, conceptual evaluation, etc.) may help in reinforcing

the theoretical foundation of metacognition.

Second, methodological aspects have gaps in the metacognition research field.

Although different methodologies are tried to study the dimensions of knowledge
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and regulation of metacognitive processes, there is not yet a robust methodological
approach to understand these processes. Taking into account micro-movements,
macro-determinants, and environmental factors will provide a holistic approach to

understanding metacognitive processes.

Third, practical implications need to be examined for providing a life-long and
adaptive impact on educational effectiveness within informal learning environments.
Therefore, it is essential to provide the necessary information on various aspects such
as cooperation of the science center with other institutions, organizations and
individuals, the external and internal architectural structures of the science center,
and the education and training activities carried out in the science center to increase
educational effectiveness of science centers. To deeply understand these issues and
the elements necessary to provide them, the current practices of the science centers
should be understood around these issues. Science teachers’ and science center
educators’ experiences regarding educational effectiveness within science centers
are vital to investigate the current situation. Thus, how science center educators carry
out existing educational activities and how science teachers use the science center
environment as extracurricular activities are essential questions to be investigated.
The answers for them may provide information regarding increasing educational
effectiveness within the science center environments during students’ conceptual
learning activities. These remedies should target educational activities and
instructional designs that take into account the current limitations and theoretical
perspectives in the science center environment. This study aims to determine the
current situation of the different factors affecting the educational activities of the
science centers and to propose theory-based findings that can increase educational

effectiveness.

Although the findings obtained through data on what can be done to increase
educational effectiveness in science centers predict how teaching processes can be
shaped, it is not sufficient. The implementation of the activities prepared in the
science center environment by the main actors is vital to observe the behavioral and

cognitive activities of students, science center instructors, and teachers under natural
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settings. In studying this, it is crucial to evaluate the planned activities with a
theoretical focus. In the researches, it seems that different theory-based processes are
examined in the light of qualitative and quantitative findings to increase educational
effectiveness in informal learning environments. Understanding metacognitive
processes in informal learning environments are one of the theory-based approaches
that draw attention. Study findings show that the high level of metacognitive
activities of students and teachers increase their success levels in their courses and
performances. Although one of the main goals of science centers is to provide
students fun and motivation on scientific subjects, it is also essential to ensure that
students learn and understand scientific concepts on issues that can work in parallel
with the course objectives. With the help of the guided visits, understanding what
kind of metacognitive knowledge and regulation processes the science center
educators involved in and how they interact with the students will provide
suggestions to regulate the processes to increase the metacognitive activities in these

environments.

Understanding what kind of metacognitive processes the science center educators
are involved in during the guided visits may also facilitate to predict how one should
organize that learning environment. It is also essential to understand students’
metacognitive processes within those environments in addition to science center
educators’. Preparing the ground for designing activities and learning environments
supporting students’ metacognitive activities during their individual and
collaborative learning experiences would be foreseen when students’ metacognitive
knowledge and regulation processes are understood. Although there are instructions
for teachers' metacognitive activities in teaching, there are no instructions for
metacognitive activities in synchronized guided visits for science center educators.
Having these instructions will facilitate and identify the role of science center

educators and teachers in helping students organize their cognitive processes.

Although students’ individual learning experiences within science center
environments are highlighted, guided visits and leisure activities provide a

collaborative learning environment for students as well. In addition to revealing the
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findings of the metacognitive processes of science center educators in these
environments, it is also essential to describe the interaction of the students with their
peers and the means of the metacognitive activities that this interaction creates.
Metacognitive processes described as a result of the interaction between peer,
teacher, and science center educators and student elements need to be handled both

individually and in shared terms.

To develop activities that facilitate and increase the operation of students’, teachers,
and science center educators’ metacognitive processes, processes should be defined
within the science center environment. During this definition, it is crucial to
understand how students interact with cognitive tools, their peers, or educators
collaboratively. Existing methodological practices are inadequate to provide a
comprehensive assessment of these processes. Azevedo (2015) have used qualitative
and quantitative methods to investigate metacognitive processes. There are also eye-
tracking techniques, survey applications, and self-evaluation activities in these
methods. However, there is a lack of implementation of these methodologies during
metacognitive knowledge, and regulation processes are carried out in the science
center environment. Therefore, this study provides a new perspective on conducting

research studies in similar settings.

This study draws on the first and third views of the metacognitive processes during
the students perform the collaborative learning activity, including records pointing
to eye movements, verbal expressions, and cognitive tools. The students answer the
conceptual questions from the given worksheets concerning the exhibition unit of
interest. Thus, this assessment facilitates the comprehensive deciphering of
metacognitive knowledge and regulation processes in the science center
environment. Besides, in the collaborative learning activities for different concepts,
it is provided to understand what types of metacognitive processes and metacognitive

and cognitive activities students have in which concepts and cognitive tools.

In addition to providing a comprehensive proposal for methodological limitations,

understanding metacognitive processes according to behaviors, eye movements, and
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verbal expressions in science centers provides practical implication suggestions for
instructional designers, teachers, science center educators, and students. These
practical implications can be structuralized as questions that facilitate conceptual
understanding, guidelines for novice science center educators for guided visits,
guidelines for teachers accompanying guided tours, and activities to support students'

metacognitive processes.

It is important for science center educators to manage metacognitive processes in
guided visits and free-exploration time activities to enable students to learn
individually and to support their collaborative learning experience. With this study,
key points were investigated for science center educators to operate metacognitive
processes effectively. Besides, suggestions were given for which concepts and in
what order they can benefit from cognitive tools. Secondly, this study has a
significant role in determining the roles of science teachers before, during, and after
guided visits, and to derive opinions on what impact students may have on their
metacognitive processes. Thus, science teachers may benefit from the findings of
this study in preparing students for science center visits, helping them be
metacognitively active and make sense of science concepts during science center
visit, and help them revisit and retain their understanding of science concepts after

science center visit.

1. Practical Contributions: Practical contributions of this thesis finding may
provide information for science center educators, science center directors,
teachers, and policymakers regarding enhancing the educational
effectiveness within science centers.

a. Educational Activities: Science center educators, science center
managers, instructional designers and teachers may get information
regarding how educational activities should be refined to enhance
educational effectiveness. First of all, science center educators may
see the opportunity for training alternatives for a variety of
instructional strategies. Moreoever, science center managers may get

insights regarding the effect of the lack of human resources on
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educational effectiveness within the science center environments.
Also, instructional designers may be informed about the
metacognitive-oriented instructional design, the timing issue in the
instructional design, the timing of the assessment, used concepts and
material selection for better conceptual understanding. Finally,
science teachers may

b. Organizational Structures: Science center management and
policymakers may get informative hints regarding how institutions
can be more effective and productive.

c. Behavioral Contributions: Science center educators and teachers
may get information regarding how educational implications and
interventions can be developed.

2. Theoretical Contributions: Theoretical contributions of this thesis study
may possibly contribute to metacognition research. Theoretical contributions
may propose five-facet understading for the metacognition research. First,
since guidance in science center visit, and collaborative activity in science
center require the real context, the metacognitive processes in wild had a
potential to be detected in relation to students’ conceptual understanding and
exhibition units. So, the potential effect of the design of the science center
environments, its embedded materials, and given guidance or hand-materials
on students’ metacognitive processes and conceptual understanding found a
way to be understood. Second, the occurence of students’ metacognitive
actions and their relation to their conceptual understanding was another
aspect for theoretical contributions. Thus, it was observable that under which
place, condition and subject matter, students’ metacognitive actions occur in
what way. Third, the potential relationship between science center educators’
metacognitive actions and students’ metacognitive actions were observable
by the field notes. This might pinpoint the bidirectional relationship for
metacognitive actions during the guidance phase, and its potential relation to

the collaborative phase for the individual and shared metacognitive actions.
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Observing the potential mediator role of the instructional strategies during
the guidance phase might give an insight for the future researches for
metacognition in real-contexts. Fourth, metacognition-related eye movement
patterns during the collaborative activity and their potential meaning may
contribute to the elaboration of metacognitive concepts for further theoretical
researches. Finally, occurence of individual and shared metacognition in
science center contexts based on the available instructional design may bring
the metacognition researches to temporal evolution of shared dimension of
the metacognition throughout the collaborative activity regarding the
placement.

Methodological Contributions: Methodological contributions of this thesis
may contribute to the metacognition research field. Two important
methodological contributions may be underlied via this thesis study aimed at
better understanding the phenomena of metacognition: (1) the assessment
method chosen to elicit the metacognition and (2) the time at which to assess
the metacognition. In regards to the first contribution, metacognition theory
of learning is applicable. Studies relying on the discrete metacognitive
activities suggest that the use of briefly presented high challenging tasks may
be useful in eliciting a discrete metacognitive activity such as underlying or
highlighting. However, it is not always possible to validate the elicited
discrete metacognitive activities are visible under high challenging situatios.
Metacognitive activities may also be elicited by low challenging situations
as a high challenging tasks for low performer students. Further, because high
performer students may potentially shorten the problem solution period, and
low performer students may potentially extend the problem solution period
in either high challenging and low challenging situations, assessment of
duration might be an important factor to understand the students’ profiles
acroos different dimensions of metacognitive processes. Also, timing of
assessment was also an important issue due to need for observing on-line (in-

situ) metacognitive activities. So, it is important to use multi-method studies
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for metacognition researchers. And, this thesis study might possibly have a
contributive effect on filling this gap. Synchronous collaborative pair
analysis based on the eye-tracking video data was to triangulate the
metacognitive actions. And, taking into account micro-movements (eye
movement, pointing  behavior), macro-determinants  (conceptual
understanding levels), and environmental factors (placement, affordances)

might provide a holistic approach to understanding metacognition in wild.

1.4 Limitations

The limitations of this thesis study are three-folded: (i) participants, (ii) duration
period, (iii) methodological instruments, and (iv) contextual factors. First of all,
participants for current practices were both science center educators and science
teachers. However, the sample size for science teachers were limited to three people
and the researcher interviewed them based on their voluntariness. So, this only
provided three teachers’ perceptions regarding the current practices during the
science center visit. Also, since the sample size for science teachers were limited to
three people, the researcher could not relate science center educators and science
teachers’ perceptions for all science centers. Second, duration period for
interviewing for the current practices lasted between August, 2016 and March, 2018.
Since science centers are a dynamic environment and their adaptation rates for the
innovations are comparable high, there might be limitations on recently emerged
educational and organizational practices. Also, duration period for multiple case
study lasted for three weeks for each lesson unit. There might be a longitudinal study
to measure the effectiveness of the educational activities; however, this study
focused on the metacognitive processes during guidance and collaboration phases.
Third, methodological instruments were varied for the qualitative data including
interview questions, video camera recording, and mobile eye-tracking. So, the
validity of the study is limited to the reliability of the instruments. Also, for eye-

tracking data, since students were on the move and made transitions between
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different exhibition units, and looked at a variety of sources during the collaborative
activity, the ecological validity of the collaboration phase is limited to eye-tracking
device. Finally, although internal and external validity issues were considered for
each study part, contextual factors such as light, noise, and temperature might
influence the results. The researcher tried to minimize the limitations and the risks

of aforementioned confounding variables.

15 Delimitations

The delimitations of this thesis study are three-folded as well: (i) selected lesson
units, (ii) selected exhibition units, and (iii) selected science center contexts. First of
all, selected lesson units were delimited to Work and Energy, Mirrors and Light
Absorption, and Solar System and Beyond. Thus, the scientific concepts for this
study were delimited to the lesson objectives from these three units. Second, selected
exhibition units were delimited to the selected science center contexts and the
available exhibition units at there for selected lesson units. Finally, selected science
center contexts were delimited to Feza Giirsey Science Center, and Kocaeli Science
Center so that the exhibition units were selected as the science center environment

allows.

1.6 Definition of Terms

Metacognition: Metacognition refers to planning, monitoring, and evaluating
processes in order to understand one’s own performance. It includes critical
awareness of one’s thinking and learning and oneself as a thinker and learner

(Anderson, Nashon, & Thomas, 2008; Tanner, 2012; Zohar & Barzilai, 2013).

Shared metacognition: Shared metacognition refers to critical awareness of one’s
learning during meaning construction in regard with self and others based on
planning, monitoring, and evaluating processes (L. De Backer, Van Keer, & Valcke,

2015a, 2015b; liskala, Vauras, Lehtinen, & Salonen, 2011).
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Shared understanding: Shared understanding refers to coordination of the
behaviors towards common goals of more than one person based on mutual
knowledge on the task, the person, and the strategy variables which are dynamically
changing through the work (Afonso & Gilbert, 2006; J. Falk, 2004; Guisasola et al.,
2009).

Joint attention: Joint attention refers to intentional attention to the same thing by
two people. It does not involve an understanding based on the knowledge or belief
in contrast to shared understanding. But, it may mean to construct a prior attention
for acquiring further knowledge or belief (Abrahamson, Shayan, Bakker, & van der
Schaaf, 2015; Hwang, Wang, & Pomplun, 2011).

Science Center: Science center refers to explorative environments encouraging

visitors to practice hands-on exercises or interactive exhibits.

Science Center Educator: Science center educator refers to a person who guides
the students during the guided tours or field-trips and takes an active role during

instructional design processes of the science center.

Field-trip: Field-trip refers to school science center visit as curricular or
extracurricular activities. It may be guided or free-explorative for a variety of

objectives.
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CHAPTER 2

LITERATURE REVIEW

This chapter includes a literature review related to the science center, science
education and metacognition, and instructional design processes that might be
beneficial in enhancing the educational effectiveness of the science center activities.
Following titles begin to pinpoint the relationship between science centers, science
education and metacognition, the relationship between the collaboration and the
metacognition including both eye-tracking and traditional experimental and
qualitative types of research, instructional design for science center environments
and potential contribution of metacognitive researches to instructional design
processes, the historical development of the science centers among the world, and
the historical development of the metacognition researches. Figure 2.1 shows the

organization of the literature.

Furthermore, in this literature review, the metacognition construct will be extended
to social perspective and studies on shared metacognition and found indicators of

shared metacognition will contend.
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Figure 2.1 The organization of the literature

Recent Information on Education in Turkey

In the studies, it was found that in countries where the number of teachers per student
is high, the results of PISA and TIMMs are above average in comparison with the
results in countries with a low number of teachers. Considering the context of
Turkey, the number of teachers per 100 students and the number of students per class
varies by region. Figure 2.2. illustrates these differences graphically. This number
ranges from five to eight. In addition to this, when we look at the OECD countries,
according to 2015 data, the ratio of public and private spending to Turkey’s
education, remains below the average for OECD countries (see Figure 2.3.). This
increase, which may be based on a lack of economic resources, seems to be related
to the country’s economic policies. It appears that there is a need for suggestions and
guidance on what kind of work can be done to make the most effective financial
situation, teacher employment, and inadequacy of teaching activities in the current

situation.
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2.1 Science Centers

Science centers were established in the 19th century to contribute to the training of
industrial workers. However, over time, the target audience and science center
environments have changed. With the target population of science centers being the
whole society, the centers have started to determine the gains aimed at the society.
The change in the target audience leads to changes in the interior environments of
science centers as well. During its establishment, it has undertaken the task of object
catalog that introduces the underlying scientific concepts to visitors. Over time,
however, supportive materials have been added for student and teacher groups.
Science centers such as the Deutsches Museum, the London Science Museum, or the
San Francisco Exploratorium have evolved into an educational role for the target
audience. This educational role includes educational programs for school education
programs. Together with these school education programs, it aimed to strengthen the
communication between the teacher and the science center and to increase the

educational effectiveness in the science centers by supporting the school curriculum.

2.1.1 Historical Development of Science Centers

The foundation of the science center was set up in Turkey, referring to the
implementation plan of the State Planning Organization in 1983 by providing budget
support for science museums and science centers. In 1984, an international panel of
consultants determined the basic principles of science museums and science centers
in Turkey. These principles were centered around seven issues as the need for
international support, the design of the architectural structure, the exhibition policies,
research activities, library property, special groups, and planetarium. The committee
specified special groups, research activities, and the placement of exhibition units as
essential factors. The reasons for this emphasization were to determine the
limitations of the learning environment and define the characteristics of school group

visits. Referring to these characteristics, Feza Gilirsey Science Center, which was the
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pioneering one, was established in Turkey in 1994. Later than this, universities,
municipalities, and private institutions founded the science centers. And, as of 2010,

the establishment process of science centers has been expanded through TUBITAK.

It was stated that science museums and centers are practical tools in science teaching
for being used by many teachers and academicians. Although the factors on which
effectiveness in teaching is not yet clearly defined, it is seen that it is important to
have the exhibition units which will enable the active participation of the visitors and
self-learning. Leading science museums and centers, such as London Science
Museum, Deutsches Museum, Chicago Science and Industry Museum, Ontario
Science Center and La Villette Science and Industry Center were established
considering learning by doing and experiences which are aiming at learning the basic
principles of daily life examples by experiencing without requiring any prior
knowledge. These pioneering science museums and centers have been conducting
various social and cultural project activities without waiting for the visitors, but they
are also trying to attract visitors to science museums and centers and make people

experience daily science as a mobile science center.
Worldwide Examples

Exhibition policies of museums prioritized the educator role rather than exhibiting
foundations and evolution of science over time. The exhibition tools related with the
foundations and evolution of science after the Industrial Revolution were exhibited
in the competitions by Western European countries as international exhibitions to
inform the public in the 19™ century, and thus they served as a source for science

centers and museums (Aktiire, 1988).

London Science Museum (LSM), one of these international exhibitions, is one of the
first sources of these museums serving as an “object catalog”, aiming at introducing
the foundations of science to visitors. Besides, this museum had instructive
explanations and supplementary documents for school groups, supportive materials

for teachers accompanying students during the museum visits, and appropriate
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worksheets in consideration with students’ ages to make the museum visit more

effective and to measure to what extend museum visit is educative.

In addition to LSM, Deutsches Museum (DM) has pioneered the science museums,
which provide active participation of visitors and highlight the educational function.
Although the purpose of the establishment was to contribute to the training of
industrial workers, the target group has changed today. Its objectives have been
renewed as to accustom the society to the basic sciences and the technologies based
on them. Similar to LSM, DM guides students in school groups and introduces the

environment and exhibition units to them before the science museum visit.

Beside LSM and DM, the City of Science and Industry in Paris (CSI) was established
to describe the conceptual sides of the basic research considering the relationship
between science and research to its visitors. This science center, which was
established under the University of Paris, allows adults and childhood visitors to
meet with scientific research. This science center, which has been accounted as the
pioneer of the science center approach, has played a role model in the establishment
of many scientific centers such as San Francisco Exploratorium. Exploratorium,
founded with this exemplary model, was designed to avoid the instructional attitude

of the exhibition halls and to enable students to learn and explore.

Ontario Science Center (OSC), on the other hand, concepts having a scientific basis
in everyday life were presented to visitors through having experiences on them. OSC
prepared educational programs supporting the school education program and served
as a mobile science center for schools having a lack of opportunity to visit the science

center.

When we look at the science museums and centers around the world, we see that
they are trying to present their self-learning experience with active participation as
well as being entertaining. We understand that they are supporting school
curriculums and trying to establish teacher-science center cooperation prior to the
school group visits, which may be counted as factors for enhancing educational

effectiveness in science centers.

26



Science Centers and Museums in Turkey

The activity rate for science museums and centers has started to increase by the
provision of budgetary support and study and planning studies included in the
implementation plan of the State Planning Organization in 1983. In the panel of
TUBITAK Natural History and TUBITAK Science and Technology Museums
International Consultants Panel, which was held in 1984, the decisions regarding the
planning studies on the establishment of science museums and centers under the
leadership of TUBITAK were revealed. Due to the limited knowledge of Turkey's
science museums and centers, many scholars and experts focusing on central
planning and sustainability of science museums from abroad and the country were
involved. In this meeting, factors assured as important such as international support,
the architectural structure of science museum and centers, exhibition policies,
research activities, library facility, special groups, planetarium and issues regarding
organizational structures were taken into consideration to be held during the
establishment phase. Among these considerations, special groups, research
activities, and arrangement of exhibition units were stated as essential factors for
setting the boundaries of learning environments and defining the characteristics of

school group visits.

Following the panel, the Science Center and Science Garden was planned in the light
of these decisions. In the planning stage, it was stated that the purpose of Science
Garden is to provide interactive exhibitions in comprehending the scientific
principles for students. After planning stage, the center was considered as a whole
and the exhibition units, natural history research department, planetarium, library,
film and conference hall and workshops and auxiliary science were designed under
five sub-units. At the end, Science Garden was planned as three subfields: science

and technology, botany and zoology.
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2.2 Science Education in Science Centers

Science education in science centers might concern four-dimensional issues to take
into consideration such as student interactions via gaming in science centers
(Atwood-Blaine & Huffman, 2017), the long-term effect of science center visits
(Bamberger & Tal, 2008), stakeholders’ contributions to science education within
science center, and short-term influence of science center visits on students’ learning
processes. These four issues mentioned previously might be the centeral factors to
understand the educational activities and concerns targeting science education within

science centers.

First of all, student interactions in a science center converge diverse educational
concerns embedded in the science education such as mobile gaming (Atwood-Blaine
& Huffman, 2017). Mobile-based gaming technology in science centers have
become popular to encourage students for interacting with the environment (their
peers, exhibition units, educators etc.) either in a variety of fun ways or taking a goal-
oriented approach. Atwood-Blaine and Huffman (2017) found that female and male
students differentiate in ways of enjoyment and perceptions of game. In findings,
female students perceived the game more difficult in case they completed more
challenges; whereas, male students perceived the game more enjoyful and felt
victorous in case they completed more challenges. This difference in interpretation
of the game success among female and male student might be due to the level of
collaboration and competition preferences for an adaptive mobile game embedded

1n science center activities.

In addition, students’ visits to science centers or their outreach labs as extracurricular
learning activities have potential effects on students’ achievement levels. Itzek-
Greulich et al. (2015) reported that only school environment had greater impact on
students’ achievement levels for science subjects compared to students’ achievement
levels within science center outreach laboratories. The reason of this might be the
novelty effect of the specific features within the laboratory environment. As a

follow-up study, Itzek-Greulich and Vollmer (2017) reported that science center lab
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works contributed positively to students’ motivation and emotional outcomes in case
science center laboratory works combined with the in-class activities. However,
contributions of only science center laboratory works did not reveal significant
results for students’ motivational and emotional outcomes. This might refer to
unboundness of the environmental setting of the intervention with the emotional and
motivational outcomes. Since students’ expectations focused on hands-on practice
within the laboratory setting and they encountered the theory part first, they
experienced boredom due to the hands-on practice only expectations. Thus, the
findings supported that “content” of the scientific works was relatively important

than the “environment” those works carried out.

Beside short-term effects of science center visits, investigating the long-term effects
of science center visits is also a vital matter for understanding students’ cognitive,
non-cognitive and metacognitive outcomes. There have been few studies on the
effects of the science center visit on the long-run on students’ cognitive and non-
cognitive outcomes (J. H. Falk & Dierking, 1997; Krange, Silseth, & Pierroux,
2019).

A gap exists between teachers’ expected science center activities and and actual
science center activities for Turkey case (Karademir, Kartal, & Tiirk, 2019). Based
on preschool teachers’ expectations and actual activities carried out, the gap occurs
for existing materials, material selection and method selection. Besides, students’
negative interest or physical condition in a museum, called as museum fatigue, might
provide a proof-by-contradiction approach for specification of the factors and
features affecting students’ science learning (M. Kim, Dillon, & Song, 2018). While
lack of exhibits in science centers result in unsatisfying the students’ needs regarding
the scientific learning experiences, lack of adaptive exhibition units compatible with
the students’ academic levels reduce students’ scientific interest (M. Kim et al.,

2018).

H. Zimmerman, Reeve, and Bell (2008) investigated parents and their children

behaviors in a science museum center and adopted a theoretical framework
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considering individual, social and cultural accounts throughout analyzing the
learning processes of children. Conversation analysis of parents and their children
released two categories which are related with making the epistemic moves for
leading to different social and intellectual roles in the conversations which may keen
on the prior science activities and distributed roles among the family members and
museum environment which contributed to the conversation. Based on this research,
H. Zimmerman et al. (2008), as a future research, suggested to use interaction
analysis for the designers and developers for identifying the potential areas which

contribute to school groups or families to make sense of the content.

Similarly, T. White and Pea (2011) investigated how a designed learning
environment can contribute to students’ engagement in learning the relationships
among multiple representations while they are working together on a shared task.
Findings of the study revealed that the managing the challenges during the relevance
process for multiple representations leads to group members to rearrange their roles
for different meaning and the use of flexible tools accompanied with the difficulty
sequences for the tasks. In addition, Gentner et al. (2016) tested children’s analogical

learning and conducted a naturalistic activity with their parents.

2.2.1 Definitional History of Metacognition

Metacognition refers to after, behind or beyond cognition which has been appointed
as a difficult concept in distinguishing the terms between meta and cognition
(Brown, Bransford, Ferrara, & Campione, 1983; Flavell, 1979). Thus, before making
concrete definition of metacognition to proceed in this thesis study, it is important to
specify what metacognition is not and what kind of boundaries can be drawn to bring

the differences between cognition and metacognition to light.

Being known as a mixing metaphor, metacognition has been referred to different
meaning from different researchers. While Brown (1987) defined metacognition as

one’s knowledge and control of own cognitive system, (Flavell, 1979) defined as
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knowing and being aware during monitoring and control of their own knowledge and
processes. Moreover, Weinert (1987) and Kuhn (2000) defined metacognition as a

second-order cognition.

Table 2.1 Definitional History of Metacognition

Researcher Definition Indicators

Self-knowledge and control
Flavell (1977) - Self-knowledge
of own cognitive system

Knowing and being aware
during monitoring and

Brown (1987) Self-awareness
control of one’s own

knowledge and processes

Weinert (1987) Second-order cognition Other-awareness

Other-awareness, Self-
Kuhn (2000) Second-order cognition Knowled
nowledge

Although common belief regarding the definition of metacognition includes monitor
and control of own knowledge and processes which refer that cognition succeeds
and applies to its own products (Newell, 1994), being perceived as fuzzy meaning
has promoted the researchers to clarify the historical roots of metacognition
constructs. Dinsmore, Alexander, and Loughlin (2008) and (Schunk, 2008)
investigated the differences between metacognition constructs and defined each
construct to be used in the further researchers and they acknowledged them in clearly
defining the metacognition constructs so that the researchers will not be disconnected

from the theory in itself and propose lack of educational outcomes.

Metacognitive constructs which are mentioned as two main categories are
oversimplified to proceed in metacognition reearchers as knowledge of cognition

and regulation of cognition. The historical roots until the emergence of
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aforementioned metacognition constructs stressed out reflective thinking, self-
knowledge, and memory. Table 2.2 shows how pioneer educational researchers
related reflection to metacognition-related phases and how they defined the related

conceptual constructs in regard to metacognition.

Table 2.2 Pinoeer researchers’ reflection to metacognition-related phases

Researcher Metacognition related phases ~ Contextual environment

~ Individual reflection in
State of doubt, act of searching,
Dewey (1933) problem context (self-
reflective thinking -
metacognition)

o Voluntary self-regulated
Internalization of speech, ' '
(Vygotsky, 1980) behavior arises as an
internal dialogue
internal function

In addition to relationship between metacognition and reflective thinking, self-
knowledge has been considered as an important element in providing connections
between metacognition and reflective thinking. Bogdan (2000) assured that self-
knowledge which can be also affected by the interaction with others is related to both
reflection and metacognition; whereas, Flavell (1979) assured that self-knowledge
which is affected by the learner’s beliefs on metacognitive knowledge and their
beliefs regarding themselves inside the world is also fundamental for metacognitive
processes in problem solving situations. Similarly, Schraw and emphasized self-
knowledge is an essential component of Schraw and Dennison (1994) metacognition.
Beside the self-knowledge, prior knowledge is also important to develop
metacognition upon existence knowledge according to Dewey (1933) and Kant

(1933).

Memory-related ideas in relation to metacognition also found the baseline for
metacognition researchers. Table 2.3 shows the memory-related concepts and their

relation to metacognition based on researchers’ ideas.
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Table 2.3 Pioneer researchers’ reflection to memory-development in relation to

metacognition
Researcher Relation to metacognition Contextual environment
Facilitating the solving of
mnemonic problems, ability to
Flavell (1979) reason anq make il}ferences and Self-metacogpition in
interpretations during the problem solving contexts
processing, storing and retrieval
of information
Interaction between the task and
. . "
prior experience relies upon Self- and shared-
.. memory development and the e
Corsini (1999) . metacognition in problem
development of mnemonic )
.. . solving contexts
strategies in problem solving
context
Effective use of plans, schemes
Brown (1987) or mnemonic strategies such as Self—metacogpltlon in
processes or strategies applied problem solving contexts
during problem solving
Use .Of memoty strategies to Self-metacognition in
James (1992) monitor and facilitate .
. problem solving contexts
recollection
The connection between Self- and shared-
memory and metamemory is ~ metacognition
Wellman (1985) based upon a theory of mind

involving interaction between
knowledge and action

The contextual environment of memory-related studies mostly relies upon problem
solving context either a possibility for prediction of the relation to type of
metacognition. Flavell (1979) assured that memory development facilitate the
solving of mnemonic problems and gains ability to reason and make inferences and
interpretations during the processing stording and retriecal of information. The
extension of this view in regard to memory-development may be related with self-
metacognition within problem solving contexts due to evaluation of the information
processes as individual unit. Similar to Flavell (1979), Brown (1987)’s and James
(1992)’ account on memory development has been founding the basis of self-

metacognition in problem solving contexts as a descriptive procedure of use of
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memory strategies for monitoring and facilitating recollection. As the use of memory
strategies along the memory development periods shows similar descriptions to
metacognition, from the social perspective, it also shows similar processes to social
aspect of metacognition or social metacognition. Corsini (1992), and Wellman
(1983) emphasize the interaction between tasks, environments and persons which

may found the basis for social metacognition.
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Table 2.4 Flavell and Wellman’s four broad categories of memory matched with
Brown’s taxonomy of memory

Brown’s taxonomy ofFlavell and Wellman’s

. Description
memory categories

Basic, unconscious memory
operations include processes
First category applied in recognizing an
object, recall of absent objects
or situations and cueing
Direct, involuntary and
unconscious effects of the level
of cognitive development on
memory including the
development of strategies to
acquire, store and retrieve
information and find similar
meaning and conceptual links.
Adults find it much easier than
children to do this.
Variety of conscious, voluntary,
mnemonic strategies and
control processes used to meet
task requirements
Awareness and knowledge of
memory and apprehension,
Fourth category storage and retrieval processes
or specifically metamemory or
knowledge about memory

Knowing Second category

Knowing how to

Know Third category

Knowing about
knowing

Since memory-development ideas are believed to closely related with metacognitive
development, doing comparison between Brown’s taxonomy of memory and Flavell
(1979) and Wellman (1985)’s categories of memory which constructed the baseline
for metacognitive researches is important to see the matched categories and how they
are related to metacognitive development. In Bron’s taxonomy of memory, there are
three categories which begins by knowing; whereas, Flavell (1979) and Wellman
(1985) added a priori category which is based on the ground of basic and unconscious

memory operations.
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2.2.2 Models of Metacognition

Beside the historical perspective to metacognition which was dominantly affected
by reflection, self-knowledge and memory researches, conceptual emergence of
metacognition has been understood in regard to constructed models. Table 2.5 shows
the models of metacognition and the main categories of metacognition which are

taken as fundamental constructs.

Table 2.5 Models of Metacognition

Researcher Model Main Categories
Model of Cognitive Reflective awareness,
Flavell (1979) Monitoring monitoring of mental states
Knowledge of cognition
Conceptualization of (metacognitive knowledge),
Brown (1987) Metacognition regulation of cognition

(metacognitive regulation)
Metacognitive acquisition,

Pressley, Borkowski, and Good Information specific strategy
Schneider (1987) Processing Model knowledge, general strategy
knowledge

Metacognitive knowing,

Kuhn (2000) Theory of meta-knowing metastrategic knowing

Flavell (1979)’s model of cognitive monitoring relies upon the reflective awareness
and monitoring of mental states. According to model of cognitive monitoring,
knowledge and problem solving develops over time with exposure to and
experience in solving different problems. This developed knowledge includes the
ability to clarify unclear goals, pursue several goals, set explicit goals intentionally,
and adopt and deliberately pursue goals which are not self-selected. These
cognitive goals and subgoals can be either implicit or explicit objectives which aim
to facilitate the initiation, progression and completion of the problem or cognitive
enterprise. Although cognitive goals and subgoals of the problem or cognitive

enterprise can be facilitated by cognitive actions, increase in the complexity of
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problems may also affect the relationship between cognitive goals and cognitive

actions.

Model of cognitive monitoring takes the metacognitive knowledge as either as
implicit or explicit application of knowledge which can be grouped under two
categories as declarative or procedural. Person metacognitive knowledge in model
of cognitive monitoring includes beliefs and intuitions regarding the cognitive ability
and nature of oneself and others and encompasses subcategories as universals of
cognition, intra-individual differences, and inter-individual differences. In addition,
task metacognitive knowledge includes two categories as task information and task

demands.

In addition to Flavell’s model of cognitive monitoring, Brown (1987) conceptualizes
the metacognition by defining it as the knowledge of cognition and resembles it to a
form of self-awareness. Although Brown (1987) assured that knowledge of cognition
is the primary process of metacognition, he considered that regulation of cognition
is a secondary process of metacognition. According to Brown (1987), knowledge
informs the regulatory processes so that both knowledge of cognition and regulation
of cognition are underpinned. According to Brown’s conceptualization of
metacognition, knowledge of cognition is related with the ability to judge knowledge
accessibility and the awareness of information that is not known and information
inferred from what is already known; whereas, regulation of cognition is described

under the scope of executive functioning.

Borkowski and Pressley’s good information processing model, on the other hand,
assures that contextual and situational elements and self-system have influence on
the development of general and specific strategy knowledge. Also, metacognitive
acquisition procedures and specific strategy knowledge has been effected by strategy

transferability.
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2.2.3 Taxonomy of Metacognition

Metacognition has been investigated under two main constructs as metacognitive
knowledge and metacognitive regulation; whereas, affective beliefs and
metacomprehension are also considered as an extension of the main constructs.
Metacognitive knowledge has been defined as the knowledge about when, how, and
why to engage in various cognitive activities (Baker, 1989) and includes person, task
and strategy knowledge by being separated declarative, procedural and conditional
types of metacognitive knowledge. While declarative metacognitive knowledge is
mainly related about the domain knowledge (stored information about the domains
of reality) and cognitive knowledge (stored assumptions, hypotheses, and beliefs
about thinking); procedural metacognitive knowledge is about knowing how. In
addition, conditional metacognitive knowledge is defined as knowing when and why
to use declarative and procedural knowledge (Schraw, 1998). Table 2.6 shows the

subcategories of metacognitive knowledge with their relations.
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Table 2.6 Subcategories of Metacognitive Knowledge

Categories Subcategories Findings

Declerative Person knowledge Includes knowledge of self and others.

Includes knowledge of task and context
Task knowledge including sensitivity influencing awareness of
task complexity
This includes knowledge of cognitive strategies
influencing development of strategy knowledge
Includes knowledge of self and others
Procedural Person knowledge influencing strategy selection and monitoring of
strategy
Includes sensitivity to task influencing awareness
of the cognitive goals and subgoals
Includes sensitivity to strategy application
Strategy knowledge influencing the identification of appropriate
strategies
Includes knowledge of self and others
Conditional Person knowledge influencing applicable strategy selection in
different conditions
Includes knowledge of task type, demands and
Task knowledge context influencing awareness of adaptive
application
Includes sensitivity to strategy initiation
Strategy knowledge influencing strategy use, transfer and regulation
in different contextual conditions

Strategy knowledge

Task knowledge

In addition to metacognitive knowledge, metacognitive regulation or regulation of
cognition is a main category of metacognition. B. Zimmerman (1989)’s definition
on metacognition pointed out “decision-making processes that regulate the selection
and the use of various forms of knowledge” which also assured that metacognition
is a subprocess of self-regulation. Since metacognition and self-regulation’s main
interaction is control, monitoring and regulation of strategies to meet task demands

and goals, metacognition may be assured as a key subprocess of self-regulation.

In addition to metacognitive knowledge and metacognitive regulation, metacognitive
experiences are seen as a category of metacognition which are those instigated during
the monitoring of cognitive, problem-solving or task situations and not all forms are

directly relate to memory monitoring. Metacognitive experiences are not exactly the

39



same as affect or emotions but they do involve metacognitive judgements, feelings
or experiences during problem solving and tend to be person-generated or related,
whereas metacognitive knowledge can be generated by oneself and with others.
Efklides (2002) assured that metacognitive experiences occur within and provide an
intrinsic context which is both influenced by and influences person, task and strategy
variables, especially during problem solving. Efklides (2002) considers that they are
product of the person-task interaction. Moreover, metacognitive experiences are
influenced by especially person-characteristics including beliefs regarding ability to
meet the task demands in light of difficulty, complexity and context. Sensitivity to
the task, including its variables, demands and context, both familiar and unfamiliar,
influence metacognitive experiences and the interaction between person and task
variables is fundamental to them. Since metacognitive experiences monitor the
person and task variables and the interaction of them, context can also exert a number
of influences including substantial or subtle context changes, task or problem
familiarity or unfamiliarity, task complexity related to the knowledge domain but
also involving multiple contexts. This would be especially evident in complex
problems. Metacognitive experiences are described as online monitoring of
cognition or online awareness which occur during problem solving or a cognitive
task. The interaction between metacognitive knowledge and metacognitive
experiences 1s fundamental to metacognitive processes. Through monitoring
processes, metacognitive experiences, especially metacognitive feelings, provide
feedback on the process of problem solving and stimulate control and strategy
processes. They can be both implicit and explicit. During task monitoring,
metacognitive experiences, especially metacognitive feelings, can be quickly

generated without specific, explicit awareness of their activation.

Relying upon the interaction between person and task variables, a second order
metacognition which needs awareness of other’s thinking processes developed on a
common ground is debatable on adding as a new construct within the taxonomy of
metacognition. In the development of researches focusing on joint attention, shared

understanding and theory of mind, shared metacognition and its sub-constructs are
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being debated as a hot topic to understand the mechanism. Following titles will refer
to metacognitive researches in education referring to self-regulated learning and

shared metacognition to draw a wider picture.

2.3 Metacognition in Education

2.3.1 Metacognition and Self-Regulated Learning

Metacognition is indicated as a vital and key subprocess to effective self-regulation.
Although there is a debate on metacognitive aspects of self-regulation is a subprocess
of metacognition, since it limits the field of area with especially regulation of
cognition, metacognition has a broader understanding compared to metacognitive
aspects of self-regulation. Zimmerman (1989) defines metacognition in relation to
self-regulation as “decision-making processes that regulate the selection and the use

of various forms of knowledge”.

Regardless of why metacognition can be counted as a broader term compared to self-
gulation and although metacognition is an important subprocess of self-regulation,
alone it is insufficient to enable successful self-regulated learning. Self-regulated
learners are metacognitively, motivationally and behaviorally committed,
independent and active learners (Butler & Winne, 1995), focused, goal-oriented,
persistent in their learning, and aware of their knowledge, beliefs and volition. They
are also highly motivated and use regulatory processes to monitor and control their
motivation to meet task demands (Wolters, 2003). Generally, self-regulated learners
initiate their own learning strategies to attain desired learning goals and monitor the
effectiveness of these strategies. They are goal-oriented and apply a number of
metacognitive strategies to attain these goals. They are aware of the importance of
efficiently monitoring strategy applications and modifying strategies to meet task

demands to achieve task goals.
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2.3.2 Collaborative Problem Solving and Metacognition

Many researchers has paid attention to the importance of quality of interaction and
collaboraiton. Quality of social interaction draw attention to metacognitive
interaction attributes beside the cognitive content of the disscussions through a
collaborative problem solving activity (Lee, O’Donnell, & Rogat, 2014). These
attributes can be characterized in reference to metacognitive rules of interaction,
monitoring cognitive process considering social level, and regulation of collective
memory usage. Collaborative learning in studying socially-shared metacognition has
also importance to understand the other participant’s thinking and interpreatation
framework. Since teaching-learning processes includes more than one actors having
their own intentions and interpreatations affecting others’ knowledge, thoughts and
values, it is considered as a complex social situation. In such kind of process, actors
should participate in the construction period of shared cognitive products to be
successful so that this reuqires shared understanding based on a focus and shared

assumptions for each actor (Hadwin, Jarveld, & Miller, 2011).

In a well-developed peer collaboration, there is a special kind of reciprocity between
collaborators since although interaction is based on shared baseline, construction of
the shared concept of the collaborative problem is based on unconcious
metacommunicative rules or contracts between collaborators. In order to construct
and maintain a shared concept for the collaborative problem requires synchronization
by coordinating the actions. Monitoring and controling are important metacognitive
processes in individual level which describes the collaborative action as how much
monitoring and how better to use these observations to guide the problem solving
actions. On the other hands, in a collaborative problem solving, monitoring thinking
processes by other group members is a significant characteristics. In a complext
mathematical problem solving, students working in dyads demonstrate more high-
level of control compared to students working in indivuals. These high-level controls
are triggerred when errors and misundestandings occur. Similarly, questions

including monitoring action such as “Why did you think that?”, “How did you come
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with that result?” and “Where do this bring us to?” is a key reason to why
collaborative problem solving is more productive compared to individual problem

solving.

In a collaborative situation, individuals need to explain their own thought and
concepts by externalizing the ideas and this leads to construct better mental model
for the concept. Externalization in social interaction is based on making internal
processes visible. By using external devices, in a collaborative situation, learners can
offload their cognitive process demand, and at the same time, they can regulate the
reciprocal use of shared external representations. Cognitive value of social
interaction is manifested when people cannot activate the complex hypotheses

individually.

2.3.3 Metacognition in Education as Individualistic Concept

Research investigations have been showing a variety types of relationships with
metacognition which plays an important role oral communication, writing, language
acquisition, problem solving, self-control and self-instruction. Flavell (1979), in his
pioneering article, introduced a model of cognitive monitoring (cognitive regulation
as well in his words). He mentioned that the cognitive monitoring occurs as a result
of the interaction among for components which are metacognitive knowledge,

metacognitive experiences, goals and actions.

Schraw, Olafson, Weibel, and Sewing (2012) contended two distinct components of
the metacognition as knowledge of cognition and regulation of cognition (see Figure
2.4). They applied metacognitive awareness inventory which is to examine the
relationship between metacognitive knowledge and field-based learning in
environmental education setting. The study concluded that the more students have
metacognitive awareness, the easier they learn science lessons. However, this is an
explanation rather than understanding the mechanism behind why those students are

believed to have more metacognitive awareness. It is easy to say if a student has
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more metacognitive awareness they can learn science easier and better. But, we

interpret these results based on our constructed instruments.
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Figure 2.4 Distinct components of metacognition

Lesh, Lester, and Hjalmarson (2003) assured that collaborative learning settings
provide flexibility in researching for both individualistic and social approach to
metacognition. liskala et al. (2011), on the other hand, criticized the thought in which
metacognition is taken as an individualistic concept which can be affected by social
factors; however, can be modeled within one individual’s conceptual system. Y. Kim
et al. (2013), also, assumed a congruent underpinning with Lesh et al. (2003) by
taking the individual as the unique agent of metacognition and suggested to explore
the other social and environmental factor in the center of the individual. Although
these two perspectives for metacognition which are alternative to only individualistic
approach has different philosophical orientations and extensions for the educational
contexts, they have common purpose to draw attention to social and environmental

concerns of metacognition.

Flavell (1979) describes metacognitive knowledge as the knowledge or beliefs which
can be affected by a variety of factors as a result of cognitive enterprises and consists
of three categories as person, task, and strategy. Similar to Flavell (1979)’s divisions,

researches on metacognitive knowledge divides it into three types of subcomponents
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which are declarative, procedural and conditional knowledge. Metacognitive
declarative knowledge is about the immediate knowledge which can be constructed
in reference to their own thoughts and thinking. Metacognitive procedural
knowledge is about how to perform cognitive and learning activities and it provides
an indication for the task success. And, metacognitive conditional knowledge is
about knowing when and why to employ procedural and declarative knowledge and
why it is important to do so. Flavell (1979) stated that the metacognitive knowledge
has on many impacts on cognitive monitoring functions such as selection, evaluation,

revision and abandon cognitive tasks, goals and strategies.

Thomas and Anderson (2013) investigated parents’ metacognitive knowledge in
procedural and conditional domains for self and others’ learning and thinking
processes and strategies for further suggestion of science museum exhibit design.
They proposed the lack of studies referring to relationship between participants’
metacognition and their science learning within and beyond the science museum

settings.

B. White and Frederiksen (2005) conducted a study on fostering the metacognitive
knowledge through inquiry. They followed distributed model expertise idea by
assigning different roles within a learning system to both students and teacher-
advisors which says that each student had their own functions. Salomon (1997)
proposed a distributed model of expertise in accompanied with the distributed

cognition theories to foster students’ learning.

Although Schraw et al. (2012) proposed a cycle including five key regulation skills
(see Figure 2.5), L. De Backer et al. (2015a) investigated the key regulation skills
and proposed four components including orienting, planning, monitoring and
evaluating and they divide all key components of the cycle into two levels as low-

level and deep-level.
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Figure 2.5 Metacognitive regulation cycle

Moreover, L. De Backer et al. (2015b) investigated the metacognitive regulation
through peer-tutoring and scaffolding for providing better collaborative learning
among peers. The peer-tutoring was reciprocal which includes a mutual relationship
throughout the learning process among peers. In the study, one peer having the tutor
function had an advisor role for the other peer taking support from the peer-tutor is
called as tutee. In the study, among reciprocal peer tutoring groups, scaffold types
fostering the metacognitive regulation during collaborative learning was
investigated. Researches offered doing interaction analysis and investigation of the
particular features embedded in learning environment which may also affect the
metacognition of participants to better understand of the exploration of the evolution

in reciprocal peer tutoring groups.

Bannert, Sonnenberg, Mengelkamp, and Pieger (2015) assured that the
metacognitive scaffolds facilitate overcoming the difficulties of regulating
collaborative learning in open-ended learning environments by directing students
attention toward particular regulative acts. Also, they mentioned about the
metacognitive scaffolds which can be taken as the supportive aids embedded in the
learning material or context so that students can perceive and cognize the knowledge

to regulated their own thoughts and behaviors.
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Metacognitive monitoring is the relation between the task performance and the
judgements regarding one’s own performance. The table shows that metacognitive
monitoring as stating the correct or incorrect judgements for one’s own performance
in an accurate or inaccurate ways. The inaccuracy of the performance judgements
have been stated as illusion of knowing and not knowing. However, Webster and
Hadwin (2015) shows that the illusion of knowing and not knowing decrease over

time and with practice.

Lesh and Zawojewski (2007) assured that the individuals’ learning processes can
be reevaluated, monitored and the errors are debugged when the interaction with
another knowledgeable learner including peers and teachers. liskala et al. (2011)
emphasized the importance of other external sources for triggering the
metacognition. Therefore, not only interaction between peers or teacher-students,
but also interaction with the learning environments have potential direct effects on
metacognition. Y. Kim et al. (2013) stated that these interactions between the
learning environments and students help to deal with misconceptions and debug the

errors throughout the metacognitive process.

Lesh and Zawojewski (2007) offered model-eliciting activities as alternative to
problem solving activities in researching on metacognition based on self-reports.
Model-elicit activities provide test, debug and retest steps within a group including
three or four students. Y. Kim et al. (2013) conducted a single-case naturalistic case
study to investigate metacognitive process by addressing to question “How students’
thinking develop metacognitively while working within a group in a naturalistic

classroom setting.” (p. 385).

2.3.4 Metacognition in Science Education

Zohar and Barzilai (2013) conducted a systematic analysis of 178 peer-reviewed
journal articles on metacognition in science education and stated the findings

mentioning as a core objective of the field of science education. Zohar and Barzilai
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(2013) identified the research gaps on metacognition in science education under four
main themes. The first theme was about the empirical studies on development of
metacognitive knowledge among students rather than the development of students’
metacognitive skills. The second theme was about the lack of control for the research
designs to establish cause and effect relationships between metacognitive instruction
and science learning. The third theme was about the lack of studies focusing on the
metacognition among pre-school students and the final themes was about insufficient
studies on the professional development among teachers’ knowledge on

metacognition.

Tanner (2012) provided self-questions for promoting the students’ metacognition
within biology classes via building a culture encourage students with different
activities based on specified phases. She offered a way to divide overall self-
questions into four main course activities mentioned as class session, active-learning
task, exam and overall course. These divisions are questioned in a three-phased way

as planning, monitoring and evaluating.

For measuring metacognition in science education, Azevedo (2015) argues having
process data on engagement and learning in science will lead to advances in models,
theory, methods, analytical techniques and ultimately instructional recommendations
for learning contexts that effectively engage students. He presented different
methods to present either the methodology is ideally suitable or not for capturing and

measuring engagement-related activities (see Table 2.7).
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Table 2.7 Illustration of different methods used during engagement (adapted from
Azevedo, 2015)

Data Type

Method/Tool ~ Cognition Metacognition Affect Motivation

Process

Product

Self-
Reports
Knowledge
construction

Screen
recordings

Concurrent
think-alouds

Retrospective
think-alouds

Eye tracking

Log-files

Facial
expressions of
emotions

Physiological
Sensors

Pretest-
posttest-
transfer tests

Quizzes

Summaries

Self-report
questionnaires

Note-taking
and drawing

Classroom
discussion

2.35 Shared Metacognition

Peer learning constitutes the basis for understanding to manifestation of

metacognition during collaborative problem solving studies which are requiring

social interaction (King, 1998; liskala, Vauras, & Lehtinen, 2004; Vauras, liskala,

Kajamies, Kinnunen, & Lehtinen, 2003). Development of new methods to measure

the social-level awareness, monitoring and regulation processes during dyads’

collaborative problem solving is the main purpose of these studies to feed the future

studies. liskala, Vaura and Lehtinen (2004) analyzed high-achieving 10-year-old
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dyads’ video recordings, verbal and nonverbal texts qualitatively during their
engagement in collaborative problem solving focusing on mathematical word
problems to explore the manifestation of shared metacognition during their
collaborative problem solving activity. They reveal that metacognition should not be
defined as an individual concept and awareness, monitoring and regulation processes
should be investigated considering inter-individual level and offered socially-shared

metacognition as the primary terminology for research area.

Metacognitive regulation can be described as a socially-shared metacognition which
cannot be induced to individual regulation and play a part in a true collaboration. In
nonequvialent situations, when one of the dyads are managing one of the key

elements of the collaborative task, regulation can be described as other-regulation.

In balanced situations, liskala et al. (2004) have shown that students are dealing with
a common and equitable discourse to understand and solve problems. During such
discourses, the shared metacognition concept relates research to common, peer-
mediated learning. However, the self-regulation is the bottom line of the socially-
shared regulation and the intra and interpersonal regulation takes place momentarily.
liskala et al. (2004) aimed to understand the multiple nature of finding and
identifying indicators for inter-individual arrangements.The main purpose of the
study is to show how the socially-shared metacognitive processes are evolving
during the cooperative solution of mathematical tasks by presenting case studies of
two pairs of learners. From the individual's perspective, there are researches that

provide empirical evidence for interpersonal metacognition.

Hogan (2001) argues that metacognition is used in social interaction and that we
have to find out how the results of metacognitive movements are differentiated
within the group. We can get better possibilities of the intellectual production of
groups by correcting the metacognitive knowledge and control processes of the
groups. As a result, liskala et al. (2004) discuss and develop methods for analyzing
these metacognitive processes in their research during common problem solving. In

their articles, Sfard and Kieran (2001) implemented the interaction flow conditions
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for analysis of metacognition in inter-individual level. Thus permitting inter-
individual metacognitive movements to be more transparent than presenting
discourse discourses. Systematic interaction flow diagrams provide quantitative
interpretation of quantities in their studies. In their studies, liskala et al. (2004)
selected four pairs of fourth grade students (highly successful) for taking part in the
study. Two of the couples consisted of male and female students. In the study, a
couple of boys and a couple of girls were used. The students were successful on the
average of all of the monitoring measures. These were non-verbal intelligence,
reading comprehension, four transactional problems, metacognitive knowledge and

cooperative skills.

The selection of high-performing students in the study seems to be one of the signs
of higher-level cognitive thinking. Highly successful students seem to be able to
apply knowledge and skills to new environments and tasks instantaneously. Previous
research has found that the social competences of low-achievers are not as good as
their peers and contribute to group effort as much as other students. Highly
successful and competent students in cognitive, metacognitive and social skills have
been selected to increase the likelihood of high level collaboration among peers. In
the study, in the classroom environment, each scale was applied to students before
their game sessions. These were nonverbal intelligence scale, standard progressive
matrices, reading comprehension (students' correct choices used as an indication),
metacognitive knowledge about learning and cooperation skills (Junttila, Voeten,
Kaukiainen, & Vauras, 2006). The study was applied in a computer-assisted
mathematical learning game environment. Each dyad played for 30-45 minutes twice
a week for eight weeks. Investigative couples were involved to work in close
proximity and the researcher was explicitly involved only when couples asked for
help, or when the students reached a dead end. In this direction, the possibility of
dyads monitoring and organizing their own activities at the metacognitive level
increases only when there are areas for discussion. Thus, in their opinion, dyads in
their real problem-solving phase had the freedom to find their own way of working

together and gain the awareness of tracking and regulating common problem areas.
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In addition, there was no time limit in the course of problem solving. Dyads solved
four processing problems in five different difficulty ratings. As the problem became
more difficult, more points could be obtained. The problems reflected the spirit of
the game and multiple stage problems were used, which were multiplication, division
by tasks of comparison and combining, addition and subtraction. Dyads could also
use external helpers at the same time. The interaction analysis applied to the five
selected problems to obtain a deep insight into interaction flow through interaction
(Sfard & Kieran, 2001). With the help of this analysis, metacognitive movements
have become more inter-individual negotiations. liskala et al. (2004) applied the
interaction flowchart to measure inter-individual metacognitive processes in two
groups of girls and boys. In simple tasks, students do not observe interpersonal
metacognition, but in difficult tasks, high-achieving students have gone beyond their
qualifications and have sought new ways to search. The students realized the
mistakes and misunderstandings of their and their peers and they made it clear. For
this reason, emotional openness holds an important place in a successful and

metacognitive shared collaboration.

Moreover, Goos, Galbraith, and Renshaw (2002) have shown how unhelpful social
interaction can hide processes. Finally, they have claimed that the social-shared
metacognition is not limited to 10 years of age for an indicator of social-shared
metacognition. For the social-shared metacognition, they have argued that social and
individual intellectualism must be at a certain level. Finally, metacognition is
suggested not only in the way of individual, but also in socially-shared learning

environments.

24 Summary

The metacognitive processes within science center environments, and the practices
which may have potential influence of the emerged metacognitive actions of students
and science center educators have been explored within there cases and investigating

the current practices of science center among Turkey. A variety of methods including
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qualitative, quantitative or mixed were employed to identify the metacognitive
actions for a diversed subject areas including writing, reading, and science courses.
However, when the literature review in this thesis are considered, metacognitive
processes are generally made through think-aloud protocols, within either formal

learning environments or rarely in informal learning environments.

During their research, the researchers did not engage in the full session for the
collaborative activity by observing the students and analyzing the eye tracking video
data to evaluate the data within a holistic approach. Also, the researchers did not
offer a way to examine the metacognitive processes by integrating the exhibition

units with the specific learning objectives in align with the students’ school hours.

Therefore, the contribution of this thesis study to Turkish literature can be listed

under three issues:

1. The investigation of the current educational and organizational practices of

the science centers in Turkey

2. Documenting the similarities and differences of the science centers regarding

their characteristics

3. Besides the specific learning objectives, an integration of science center

activities for the science curriculum was offered

Also, the contribution of this thesis study to international literature can be listed

under three issues:

1. The occurrence of metacognitive processes during students engaged in

diversed lesson units

2. The occurrence and the definition of eye movements during students’

collaborative activities

3. The potential relation of science center educators’ metacognitive actions to

students in a sequential study
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter presents a detailed description of the research methodology of this
study. It includes an introduction for research methodology, research design,
sampling procedure, data collection instruments, the validity and reliability of data
collection instruments and data collection procedures. Beside this core sub-sections,
this chapter presets data analysis, the trustworthiness of data analysis, and

methodological limitations within the study.

The primary purpose of this study was to investigate how science centers can embed
instructional design supporting metacognitive processes during science conceptual
understanding of students in Turkey context by examining the perceptions of science
center educators and science teachers and cognitive and metacognitive activities of
students during an offered instructional design with discovering their associations
with and contributions into the metacognitive knowledge and metacognitive
regulation. Within this purpose, the research is designed within two phases as curent
practices and multiple cases. While current practices study includes experiences of
science center educators and science centers, multiple case study involves students
three research stages as guidance by science center educators, collaborative activity
with a match-pair, and video edition of their own self-fenerated videos. Thus,
students’ in-stu metacognitive processes throughout the three stages would be

possible to be observed. The research questions guiding this study are as follows:

1. What are the current practices in science centers based on science center
educators’ and science teachers’ experiences?
a. What are the current educational practices in science centers?

b. What are the current organizational practices in science centers?
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2. What are the indicators of implicit metacognitive actions of science center
educators through the guidance phase when interacting with students?

3. What are the indicators of individual metacognition in science center
environments?

4. What are the indicators of shared metacognition among peers during the

collaborative activity in science centers?

3.2  Research Design

The complex nature of science centers requires using multiple methods and multiple
data sources to understand both individual and inter-individual metacognitive
processes. To have a deeper understanding of the research questions, this thesis has
been established on the constructivist-qualitative ontology. Constructivist-
qualitative ontology emphasizes the reciprocal construction of the knowledge
through the world experience between the knower and the known (Denzin &

Lincoln, 2018).

In constructivist-qualitative ontology, the holistic understanding of phenomena and
the importance of the context are essential factors in the interpretation. Based on the
constructivist-qualitative methodology, the researchers are the primary research
instrument, and there is no attempt to manipulate or control findings using statistical
tools (Denzin & Lincoln, 2018). Studying within the natural setting is vital for the
data collection processes. And, the open-ended processes have handled the data
analysis without imposing the opinion to pre-existing data. This study takes its

assumptions regarding the constructivist-qualitative methodology.

Unique characteristics of the qualitative research highlighted the following issues:
(a) the meaning is discovered and understood by focusing the processes, (b) real
context is selected for conducting the research, (c) the researcher is seen as an
instrument which requires interpretation based on personal view and experiences, (d)

the research process is inductive, and (e) the investigated phenomena has complex
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interrelationships as a result of detailed findings (Merriam, 2009; Miles &
Huberman, 1994; Patton, 2002; Yildirnm & Simsek, 2013).

Creswell and Poth (2016) emphasizes that qualitative research is conducted around
a “central phenomena,” which is to be explored as a critical idea. The central
phenomenon in this research is the “Science centers as metacognitive contexts”
which requires holistic research processes including the implementations of the
science centers and visitors’ behaviors, cognitive and metacognitive accounts.
Therefore, this needs to embed the researcher as a research process instrument into
the natural settings of the science centers. To be more precise, researchers prefer to
employ the methodology based on the constructivist-qualitative ontology when the
aim is to understand people’s perception and how they make sense and construct

meaning in a specific context (Merriam, 2009; Stake, 2010).

A Multimethod research design, a qualitative methodology (current practices), and
qualitative methods (multiple case research design), each complete in itself and
addressing different research questions of the study, was performed in the present
study. As clearly elucidated by Morse (2003), the difference between multimethod
and mixed methods design is that “in multimethod design all projects are complete
in themselves” (Morse, 2003, p.199). He further indicates that unlike the mixed
method, in multimethod design, “each study is planned and conducted to answer a
particular sub-question” (p.199). In mixed method design, on the other hand,
research questions have emerged from the previous part of the study, and they have
integrated one or more phases of the study (Tashakkori & Teddlie, 2010). This
study fits well with the multimethod design rather than the mixed method. First of
all, this study consists of two separate studies that are complete on their own.
Second, each study is designed to answer a particular sub-question. Also, the
sample of the first study is different from the second study. That is, the first study
sample consists of science centers and science teachers who experience science
centers’ educational activities. The second study, on the other hand, involves a
different samples of individuals who are 7th-grade students in Turkey and science

center educators who are guiding them. Next, they are interrelated with each other
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since each part conducted within the umbrella of the general purpose of the study,
which is providing research base guidelines for policymakers, instructional
designers, science center educators, and science teachers about enhancing the
educational effectiveness of science centers during their activities. Finally, results
are integrated at the final stage of the study. As a result, when all these points
considered together, it is safe to say the study suits well with the multimethod
design. By the help of a multi-method approach, the researcher is able to look at the

potential instructional design issues of science centers in a broader perspective.

The research study drew on the strength of the qualitative research approaches,
including current practices and multi-case study approaches. Therefore, the
research study founds on these approaches by aiming at providing an in-depth
understanding of the aspects that contribute to or hinder the educational
effectiveness of science concept learning within science center environments. Also,
based on describing the educational effectiveness in science center context through
the lens of metacognitive processes, the qualitative multi-case study approach is
aiming to understand the aspects of both individual and inter-individual
metacognitive processes through the science center interaction of seventh-grade

students.
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First Study: Current Practices

Qualitative Data Collection

Qualitative Data Analysis

_

Qualitative Results

-

Intervention Development —

Second Study: Multiple Case

e

B Qualitative Data Collection

ﬁ

Qualitative Data Analysis

ﬁ

Qualitative Results

Interpretation of
Qualitative Results

Figure 3.1 The research design of the study

For the two research questions of this study assigned as the current practices study

of the research, the researcher aimed at understanding the science center educators’

and science teachers’ opinions regarding their science center experiences. Similarly,

for the following questions assigned as the multiple case study of the research, the

researcher aimed at investigating the interrelationships between the subject matter

area, context, and the subjects. Because of the stated aims, the research

methodologies based on the constructivist-qualitative ontology optimizes the

understanding the central phenomena.
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Figure 3.2 Methodological diagram of the current practices
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Figure 3.2 shows the methodological details of the current practices study. This
current practices study pinpointing the educational and organizational characteristics
of the science centers. And, it gives insight on the elimination of the compounding
variables before designing the subsequent research in science center context. Figure
3.3 shows the methodological diagram of the multi-case design which was designed
based on the findings of the current practices study. In the multi-case study, selection
process of the participants, lesson units, and the exhibition units; preparing
worksheets considering the duration, number of questions, image selection and
adaptation of the exhibition units for the design and development stage;
organizational considerations as specifying the duration, timing of guided tour and
collaborative activity, laboratory environment, and the transfer of students for
organizational considerations; and role of the teacher, role of the science center
educator, role of the students, timing for the distribution of conceptual diagnostic
papers and science diaries, and timing for the free-exploration period and the
guidance period were taken into consideration based on the findings and the

researcher’s insight from the current practices study.
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Figure 3.3 Methodological diagram of the multicase design
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Furthermore, unlike the structured process of quantitative methodology, the process
is flexible and active as some aspects of qualitative study emerge during the study.
Both current practices and mutliple case studies require flexible and dynamic
processes since the known, and the knower construct the reality as stakeholders
(Miles & Huberman, 1994). In this study, the current practices required the

understanding of the current implementations of the science centers.

Table 3.1 Elements and Study Approach in the Study

Elements Study Approach

Paradigm Constructivist/Interpretivist
Ontology Relativist

Epistemology Subjectivist

Methodology Naturalistic Inquiry

Qualitative Research Approach Multimethod Study

Research Approaches of Multi- Descriptive/Interpretive Qualitative
method Study Study

Descriptive/Interpretive Multicase Study

In addition to undertstanding the rationale for selecting qualitative research
methodology, it is important to understand the rationale for selecting the appropriate
methodologies for each phase of the research. Following headings includes the
rationale for selecting current practices and multiple case study as research

methodologies in this study.
Rationale for selecting multiple case study

A qualitative understanding of cases requires experiencing the activity of the case as
it occurs in the contexts and in its particular situation. According to case studies, the
situation is expected to shape the activity as well as the experiencing and the
interpretation of the activity. The case is (a) dynamic, (b) operating in real-time, (c)

acting purposively, and (d) interacting with other cases. In multiple case studies, an
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individual case is an interest of the study since it belongs to a particular collection of
the cases (Merriam, 2009; Stake, 2010). Beside each individual case shares common
characteristics and conditions since multicase studies promote particularization more
than generalization, one can use multiple cases as a step toward theory. Also, the
vital reason for doing a multiple case study is to examine how the phenomenon
performs in different environments. This thesis study has three individual cases
focusing on different science center settings and subject matters during the
investigation of the verbal and nonverbal metacognitive accounts of the target
learners. Since it is crucial to investigate the central phenomenon in different
educational areas to understand the similarities and differences of the cases, the

second phase has been conducted as a multiple case study.

The details about the design of the whole study, including research questions, data
sources, data collection instruments, and data analysis are presented in Figure 3.4 to
illustrate the timeline of the data collection process (For the tables associated with

each research question, see Appendix H).
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collaborative activity in science center
environments?

Figure 3.4 Multimethod study design timeline

3.3 STUDY I: Current Practices

In current practices study, a qualitative method was utilized to gather descriptive
information about the science center practices focusing on organizational and

educational issues to reveal instructional design issues of science centers in Turkey.
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Investigating Current Practices also includes needs assessment and task analysis
throughout the research process. Comprehensive needs assessment is one of the
research methodologies in the constructivist-qualitative research approach. In this
study, the researcher needed to understand the science center contexts in Turkey
regarding their similarities and differences and the current implementations of the
science centers based on the individual and organizational perspectives. It is aimed
that by understanding the reality of the science center contexts in Turkey guides
comprehensible and direct intervention processes. Hence, this thesis study began
with the current practices study to provide a comprehensive outlook for the
researchers, science center educators, science teachers, and learners as well as to

govern the following research phase based on the findings.

Although current practices study of the study requires to investigate multiple cases
in Turkey, since the researcher does not focus on each individual case separately and
aimed at understanding the current implementations in general, a combination of
needs assessment and task analysis has been selected as the research methodology

rather than multiple case study.

3.3.1 Contextual Settings of the Study

This section described the visited science centers in each interview and their
characteristics to give readers an idea about the actual context of these science
centers in general. These characteristics are described via the journal kept by the
researcher and the interviews with the science center educators. Although current
practices study focuses on the science centers consisting of several cases located in
Turkey, since the research questions focus on understanding the current practices by
considering all dimensions of the implementations such as barriers, needs and
solution attempts to enhance educational effectiveness among science centers, it is
essential to describe the science center environments regarding their structural,

functional, educational, regional and procedural characteristics.
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In Turkey, science center educators are able to participate in the educational and
organizational processes being held by science centers from the beginning of the
construction period to the organization of the activities and designing instructional
materials. 13 science centers, in Turkey, were observed, and educators in these
centers were interviewed. Characteristics of science centers were reviewed under
following headings as structural, functional, educational, regional, and procedural
characteristics. Following characteristics are for descriptive purposes and providing
in-depth information regarding the science centers in Turkey to hold a holistic

viewpoint throughout the study.
Structuctural Characteristics

Structural characteristics of science centers refer to science centers’ structural and
infrastructural design issues. These are grouped under five main categories as the

structure of the building, the largeness of building, the number of exhibition units,
the educational spaces and the open area. Table 3.2 shows strucural characteristics
(M: Mobile, NU: Not Unique, U: Unique, D: Duplex, O: One floor, T: Triplex, A:

Available, NA: Not Available) of science centers.
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Table 3.2 Structural characteristics of science centers in Turkey

1 2 3 4 5 6 7 8 9 10 11 12 13

Structure of

building NU NU NU NU M NU U NU U NU U NU U

Largeness of

building

Number of

exhibitionunits 0 60 2 0 120 e 50

Educational

spaces
Conference

hall A NA NA NA M NA NA A A A NA A A
Library NA NA NA NA M A NA A A NA NA A NA
Workshop A A NA NA M A A A A A A A A
Laboratory NA A A A M A NA NA A A ©NA NA A
Planetarium NA NA A NA M A A NA A A NA NA NA

Open area A A A NA M A A NA A NA A A A
M: Mobile, NU: Not Unique, U: Unique, D: Duplex, O: One floor, T: Triplex, A: Available, NA: Not Available

Structure of building refers to whether the science center’s building is specially
designed for an educational environment or it is settled on an existing building. Nine
science centers have no unique design for educational infrastructure; whereas, four
science centers designed the building of the science center according to educational
needs. Besides, the largeness of building refers to how much the parts of the
buildings are broad. While six science centers have duplex structure building, three
science centers have triplex structure building for different educational spaces. These
educational spaces consist of conference hall, library, workshop, laboratory, and
planetarium areas for functioning specialized educational activities. Finally, nine
science centers use open areas located outside the science center for their
demonstrations and other scholarly activities as an alternative to inside educational

space.
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Human Resources Characteristics

Characteristics for human resources of science centers refer to how science centers
function their regulations so that the number of employees and voluntary employees
is essential factors in the determination of how effective regulations are sustained.
Table 3.3 shows human resorces characteristics of science centers (A: Available,

NA: Not Available).

Table 3.3 Human resources characteristics of science centers in Turkey

1 2 3 4 5 6 7 8 9 10 11 12 13

Number of
1 4 11 6 5 4 11 50 7 5 4 11

employee

Voluntary
A NA NA A A A A A A A A A A

employees

A: Available, NA: Not Available

The number of employees differs among science centers. Whereas, SciCen.02 has
one employee responsible for all duties, SciCen.09 has approximately 50 employees
for distributed functions. Almost every science center has volunteer employees to

meet human resource needs.
Educational Characteristics

Based on researchers’ kept journals and interviews with science center educators,
educational characteristics within science centers mainly divided into seven
branches. Table 3.4 shows the educational characteristics of visited science centers
(A: Available, NA: Not Available, M: Mobile, T: Thematic, U: Unordered, R:
Relational). These characteristics are school visits, summer/winter schools,
workshops, demonstrations, conferences, guidance during school visits and

exhibition unit orders to satisfy instructional strategies.
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Table 3.4 Educational characteristics of science centers in Turkey

1 2 3 4 5 6 7 8 9 10 11 12 13

School visits A A A A M A A A A A A A A

Summer/Wi
NA A A NA A A A A NA A A A
nter Program

Workshops A A NA A NA A A A A NA A A A
Demonstrati
A A NA A A A A NA A A A A

ons
Conferences A NA A A NA A NA A A NA A A A
Guidance A A A A NA A A A A NA A A A
Exhibition

) T U NA NA R T T T U T T R
unit orders

A: Available, NA: Not Available, M: Mobile, T: Thematic, U: Unordered, R: Relational

School visits refer to the group visits to the science center as an extracurricular
activity for a voluntary class and their accompanying teachers. While school visits
and demonstrations are available for all science centers, there are differences among
the nature of visits. For instance, although SciCen.05 have school visits, and
demonstrations, since it is a mobile science center its direction of implication is from
science centers to schools rather than schools visit the science centers for
experiencing demonstrations. 11 science centers have been observed as giving
guidance during these school visits; whereas, two of them prefer not to give any

guidance for visiting students.

10 science centers also provide summer and/or winter programs. In these activities,
students are exposed to long-duration educational programs within the science center
on a focused field of an area such as archeology, science learning through laboratory,
and programming with robots. In addition to summer/winter schools, workshops
being held throughout all year are conducted for a short-term educational activity.
Ten science centers committed to prepared educational workshops for students on a
variety of subjects related to both science concepts and other fields to make students

gain skills in a diversity of the area.
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Demonstrations, on the other hand, include display of one of the selected exhibition
units or laboratory works focusing on a subject matter within the science lesson area.
Eleven science centers state that they often use demonstrations to attract students’
attention. In addition to demonstrations, nine science centers organize conferences
for the benefit of students and the community. They state that these conferences are
held to keep students and the society informed of current developments in science

and to ensure the sustainability of the science center.

Finally, the order of the exhibition units is also covered by the educational
characteristics of the science centers. The order of the exhibition units is divided into
three main groups: unordered, thematic, and relational, both according to the
declarations of the science center educators and the researcher's observation.
Unordered exhibition units refer to random assignment of exhibition units within the
science center settings without any consideration of thematic or conceptual
contiguity. However, relational allocation of exhibition units within science center
design considers the conceptual contiguity of exhibition units to provide connections
during the transition from one exhibition unit to another within the guidance period.
And, seven science centers were observed as having thematic groups on different
fields of areas such as physics, chemistry, or biology. On the other hand, since
SciCen.04 and SciCen.05 have either no exhibition units or a stable context, the order
of the exhibition units under educational characteristics is not available for those

science centers.
Regional Characteristics

Regional characteristics of science centers refer to secure access to the location of
science centers, a socio-economic status where science centers are locating and
accessibility of society for science center activities. Table 3.5 shows the regional
characteristics of science centers (E: Easy, D: Difficult, M: Middle, L: Low, H: High,
F: Free, NF: Not Free).
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Table 3.5 Regional characteristics of science centers in Turkey

1 2 3 4 5 6 7 8 9 10 11 12 13
Location E D D D E E D E D E D E D
Socio-
economic M H L L NA M L M M M M M M
status
Accessibility NF NF F F NF F F F F F F F NF

E: Easy, D: Difficult, M: Middle, L: Low, H: High, F: Free, NF: Not Free

Location refers to the ease of access by public transportation the science centers.

Since approximately seven science centers are not at the central areas or science

centers have no free shuttle service, the location is in a hard place to reach. Besides,

most of the science centers are located in a regional area having middle socio-

economic status. Finally, nine science centers are free in-school visits and other kinds

of educational activities. In addition, on to being free of charge, there are additional

free offers for visitors to get the benefit from them.
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Procedural Characteristics

Procedural characteristics of science centers refer to collaborations which science
centers establish, school visit procedures, and limitations regarding the number of
students for school visits per session. Table 3.6 shows procedural characteristics of

science centers in Turkey per each visit.

Table 3.6 Procedural characteristics of science centers in Turkey per each visit

) . Number of
Collaborations School Visits
students
. Teachers, Private and Governmental Organizations, )
SciCen.01 . Appointment 40
Universities
SciCen.02  Teachers Appointment 20
SciCen.03 Teachers, Private and Governmental Organizations Appointment 40
] Teachers, Private and Governmental Organizations, )
SciCen.04 . Appointment 20
Universities
. Teachers, Private and Governmental Organizations, ) Certain grade
SciCen.05 L Appointment  |evels from a
Universities
school
. Teachers, Private and Governmental Organizations, )
SciCen.06 o Appointment 40
Universities
) Teachers, Private and Governmental Organizations, )
SciCen.07 . Appointment 60
Universities
) Teachers, Private and Governmental Organizations, )
SciCen.08 ] o Appointment 60
Universities
) Teachers, Private and Governmental Organizations, Ministry of
SciCen.09 o ) 40
Universities Education
. Teachers, Private and Governmental Organizations, )
SciCen.10 . Appointment 40
Universities
. Teachers, Private and Governmental Organizations, )
SciCen.11 o Appointment 30
Universities
) Teachers, Private and Governmental Organizations, )
SciCen.12 o Appointment 60
Universities
. Teachers, Private and Governmental Organizations, )
SciCen.13 Appointment 30

Universities

Except for one science center, 12 science center accepts school visits by appointment

via telephone. However, since an exceptional science center establishes a
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collaboration with the provincial directorate of national education, each school class
is given a date for a visit within one semester. Finally, the number of students

accepted per session for a class is given.

3.3.2 Participants of the Study

Selection of science centers

A list of science centers was formulated after informal interview with an academician
from the department of architecture in a public university an web-search. The first
science center visited by the researcher offered another science center as well to
interview with an informant from there. After visiting the science center to interview
with the science center educator and observe the science center environment, the
researcher was also further recommended for other science centers. Science centers
were selected based on the availability and accessibility after getting suggestions
from academicians, first few science center educators, and educational coordinators

of the respondent science center for accessing the key informants.
Interview Participants

A total of 20 science center educators and three science teachers participated in the
current practices study for a comprehensive needs assessment. Interview
participants were selected through both criterion at first hand and convenience
sampling techniques. The main research goal of the current practices study
determined the criterion throughout the selection of participants to the study to focus
on key informants for having in-depth interview purposes (Miles & Huberman,
1994). Also, the snowball sampling method (Miles & Huberman, 1994) was applied
to select key informants who were experienced science center educators and
teachers. Merriam (1998) assures that the purposive sampling technique is used
firstly by determining the selection criteria of participants. For this reason, while
selecting the participants, four criteria were employed. The first criterion was the

involvement in instructional design, development and implementation processes for
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science center visits and recent science center visit experience for the science
teachers. The second criterion was the diversity of participants including participants
from different science centers and cities who could portray the different instructional
design within science center settings were contacted. Also, science teachers from

different schools who visited to various science centers recently were selected.

The third and fourth criteria were the accessibility and the willingness to participate
in the study. In all interviews, contacted informants agreed to take part in the study,
though one of them was reluctant about audio record during the interview. Science
center educators and science teachers were interviewed to elicit the educational and
organizational activities of science centers. In this way, interviews would help to
understand the experiences of the science center educators and science teachers and
what their experiences indicate (Bogdan & Biklen, 2007). Specifically, the
participants in this current practices study were the science teachers of 7"-grade
students and science center educators experienced within educational processes held

by the science center in Turkey.

The qualitative sample size needed to be large enough to adequately identify
teachers’ science center experiences and science center educators’ opinions on
science centers and provide sufficient data to address the research questions in this
study. Data saturation is needed to be accessed for the determination of the sample
size in qualitative research (Guest, Bunce, & Johnson, 2006). However, to provide
data saturation, each study should specify the reasons on why the study selected that
number of participants. The researchers should provide the final decision on reaching
data saturation; although, Guest et al. (2006) assures it should be at least six
interviews and Creswell (1998) affirms that approximately 30 interviews are needed.
Likewise, Bernard, Wilhelm, Scherer, May, and Schreck (2012) ensures that the
number of interviews is related to the continuation of data collection until the

researcher receives all the answers.

Since this study is not aiming to generalize the results to a larger population and the

qualitative methodology was employed to gain an in-depth understanding of the
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experiences and opinions of science teachers and science center educators. However,
the required number of interviews to advance understanding of current practices was

needed to be decided for sufficient data collection.

A total of 20 science center educators and three science teachers participated in the
current practices. The following headings include the characteristics of the science

center educators and the science teachers.

Science Center Educators

A total of 20 voluntary science center educators (Nemale= 10, Nmale=10) were selected
among the science centers located in Ankara, Bursa, Eskisehir, Gaziantep, Istanbul,
Kocaeli, and Konya who are actively participating in science center’s educational
activities or serving as the educational coordinator role who has broader knowledge
on the foundation, interior design, activity design and evaluation processes as an
active agent. The mean age of SCEs was 32.7, and they got their graduations from
faculty of education (N=8), faculty of engineering (N=4), faculty of science and
literature (N=9), and faculty of economics and administrative sciences (N=2). Table
3.10 shows the participant number, gender, age, degree of education, their role in
SCs, educational status, science center number, science center educators’ experience

in year, and availability during the construction period.
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Science Teachers

A total of three voluntary science teachers (Nfemale= 2, Nmale= 1) participated in the
current practices study. Science teachers were selected regarding the convenient
sampling among STs who visited one of the investigated science centers recently as
a part of extra-curricular school activity. They were science teachers for 7" graders
at different elementary schools with the mean age of 38.6, and they got their
graduations from the faculty of education. Table 3.8 shows the participant number,
gender, age, teaching experience in the year, and which science center they had

attended as a visiting school group.

Table 3.8 Science teachers participated in current practices study

Socioeconomic

Teacher No  Gender Age Experience Region Attended SC
Neighborhood
Teach.01 Male 45 19 Metropolis High Sci.Cen.13
Teach.02 Female 44 19 Metropolis High Sci.Cen.11
Teach.03 Female 27 3 District Middle Sci.Cen.06
3.3.3 Data Collection Instruments and Data Sources

The primary data collection instruments were the semi-structured interview
protocols for key actors (science teachers and science center educators) within the
science center context. Furthermore, field notes during the researcher visited the
science center environment were kept. Additionally, documents such as teacher
booklets, exhibition unit booklets, science curriculum, lesson plans, and worksheets
were obtained from visited science centers. Table 3.9 shows the summary of the data

sources and used instruments.
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Table 3.9 Summary of Data Sources and Used Instruments for Current Practices

D - Pur
# ata Definition Hrpose
Sources
1. Interviews In-depth understanding of

Semi-structured interviews with )
) the educational
the key actors (science teachers

. effectiveness within the
and science center educators).

science centers

2. Fieldnotes Fieldnotes after interviews with ~ To support the interview
the science center educators were data and understand the
kept during the science center instructional design issues
visit. within science centers

3. Documents Teacher booklets, exhibition unit To verify the informants’
booklets, science curriculum, data and field notes
lesson plans, and worksheets
were obtained from the visited
science centers.

3.3.31 Interview Protocol

The qualitative research interview is “a process in which knowledge is contructed
between research and participant” having a structure and purpose related to the
research suty (Brinkman & Kvale, 2015). The researcher conduct an interview to
understand the subject’s point of views which are actively engaged in meaning-
making processes (Kvale, 1996; Bogdan & Biklen, 2007). Interview protocols are
essential to use the allocated time for the interview effective and help to frame the
interview questions and prioritization of question orders to organize the interviews

in a focused manner and take the relevant answers.

Separate semi-structured interview protocols were prepared for science center
educators and science teachers in Turkish. Based on the conceptual framework and
literature review, the interview questions were generated under three themes for
science center educators as established collaborations, instructional design, and
visitor tracking (see Appendix A). The interview protocol for semi-structured

interviews with science center educators was prepared in August 2016, and the
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interview questions were prepared in a way that addressed the research questions.
After the interview questions were prepared, the interview protocol was sent for the
evaluation and guidance of the instructional design expertand one science center
educator. After the feedback period, the interview questions were re-organized. The
questions and content of the protocols for participants were reviewed by two experts
in the Instructional Technology and Science Education field. According to
feedbacks, the researcher added prompts in case the informants have not a quick
answer for his/her experience. Also, two of the questions for science center educators
were rewritten due to the generation of “’Yes/No answer” rather than being an open-
ended question for the semi-structured interview. Also, research questions, the
purpose, and a summary of the study were added in the protocols to gather more
focused information from the participants. To collect descriptive data regarding
SCEs’ demographics, additional to 20 questions, their ages, years of experience,
level of education, department, and the leading role in the science center was added

at the beginning of each interview protocol.

The interview protocol for science teachers was generated under three themes as the
role of distribution, students’ perceived metacognitive activities and student tracking
(see Appendix B). It was prepared in the 2017 March at Qualitative Research Method
Course, and the interview questions were prepared in a way to address the research
questions. After the interview questions were prepared, the interview protocol was
sent for the evaluation and guidance of the thesis advisor, an academician and one
science teacher. After the feedback period, the interview questions were re-
organized. Similarly, one central question with three prompts about science teachers’
demographics such as their ages and year of experience were added to the interview

protocol.

Since the time-sequence regarding science center visit experience may reveal in-
depth information for the interrelation between classroom level and science center
level by considering the public and school policies, the questions other than

introduction and demographics, were grouped under three sections as prior to science
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center visit, during the science center visit and after the science center visit in both

interview protocols.

Creswell (2009) emphasizes the importance of the pilot testing of the interview
questions to make clarifications on the content of the interview and to understand
whether it is feasible to be conducted or not. Cognitive debriefing technique was
used to ensure that the interview protocol has no ambiguous or leading questions and
there are adequately clear questions for science teachers and science center
educations. The cognitive debriefing technique was applied to one person for each
interview protocol. For the science center educator interview protocol, one female
participated in the pilot testing. Similarly, for the interview protocol of science

teachers, one male involved in the pilot testing.

To understand what the participants think about the questions, the researcher asked
participants to think aloud while they are evaluating the questions. Thus, thoughts of
the participants were easy to be tracked during their question evaluations whether
they have any other questions regarding the existing one and whether the meaning

of the questions was clear enough to understand and answer to them.

The interviews lasted approximately 35 minutes for each pilot study participant.
After the cognitive debriefing process, some terms indicated in the questions were
changed. For instance, the term “(68renme gorevi) learning task” and “(etkinlik)
activity” were clarified. Questions about the reason “why” the cooperations have
been established by science centers with different institutions and individuals and
the way “how” the implications have been changed were included. Also, to get more

precious responses from the participants, the prompts were modified.

At the end of the pilot tests, the interview protocols were re-examined and finalized
by the researcher and sent to one expert having researches related with the
metacognition. After having reviews from the expert, the interview protocol was

corrected again and was made ready for data collection process.
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After all revisions, the final SCEs’ interview protocol had two background questions,
nine demographics questions, and 20 semi-structured interview questions (eight
questions for prior to science center visit section, nine questions for during the
science center visit section and three questions after the science center visit section).
The final SEs’ interview protocol had four background questions, two demographics
questions, and 13 semi-structured interview questions (four questions for prior to
science center visit section, six questions for during the science center visit section

and four questions after the science center visit section).

3.3.3.2 Documents

O'Leary (2004) classified the documents under three categories as public records,
personal documents, and physical evidence. Online and printed documents of
science centers were collected within the bounds of possibility. Science center
educators provided both online and printed documents. The documents include
booklets for teachers, public information regarding exhibition units, pre- and post-
tests, instructional stages for demonstration of the exhibition units, brochure
response and sample workshop materials. Table 3.10 shows the available and given
documents for analysis by science centers. However, not any document was obtained

from the science teacher groups.

Table 3.10 Available Documents of Science Centers

Science Center Available Documents

SciCen.01 Activities during the semester

SciCen.02 None

SciCen.03 Science educator booklet for demonstrations
SciCen.04 Laboratory program for the whole year
SciCen.05 Lists of exhibition units

SciCen.06 Brochure

SciCen.07 Exhibition unit brochure, Winter/Summer school program, Pre- and Post- Tests
SciCen.08 Exhibition unit demonstration plan
SciCen.09 Worksheet example

SciCen.10 Teacher booklet

SciCen.11 School visit programs

SciCen.12 Informative brochure

SciCen.13 Informative brochure, Website
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Available documents provided valuable information on science centers’ instructional
design processes; also, provided a more extensive perspective regarding the science

centers.

3.3.3.3 Field Notes

Although current practices study includes interviews and documents, to verify the
data obtained from each informant, field notes were taken by the researcher
regarding the orders of exhibition units, available exhibition units, group sizes
visiting science centers and the role of science center educators and science teachers
during the visits. Since the field notes were to verify the informants’ data, they were
not separately analyzed within the current practices study. However, they are

mentioned under the lessons learned from the study section when it is necessary.

3.34 Data Collection Process

Data collection in current practices study includes data collection instruments as
semi-structured interviews, field notes, and documents. The following headings

presents the data collection process.
Research Permissions

After the data collection instruments were ready to conduct the study, the permission
of the Ethics Committee was needed to take from the Applied Ethics Research Center
of Middle East Technical University to start collecting the data. The interview
protocols, voluntary participation forms, and information form regarding the details
of the research were examined and the study has approved to be conducted by the

Human Subject Ethics Committee (see Appendix C).

For deciding on intervieewes and interview date, the researcher listed the science
centers and had a telephone call with each science center seperately. After the

researcher had mentioned about her purpose in the study and requests from science
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center educators, she sent the interview protocol, research permission from Human
Subject Ethics Committee, and the purpose of the study to science center educators

as electronic mail and confirmed the date and place for the interview.

Semi-structured interviews with science center educators were conducted between
April 2017 and October 2017 as face-to-face sessions in six cities of Turkey as
Ankara, Bursa, Eskisehir, Gaziantep, Istanbul, Kocaeli, and Konya (see Figure 3.3)..
For the location, except for two interviews, the interviews were conducted in a
private room. One of the exceptions was due to the time restriction of the researcher
so that the interview was done as a distance interview via Google Hangout. The other
exception was due to the time restriction of the interviewee so that this interview was
held at a cafe in a quiet separate place. For taking permission before the interview,
the interviewee was informed about the confidentiality and asked permission for the
recording of the interview. Except for one science center educator, all participants
accepted using a voice recorder. For no-permission of the voice record, the
researcher took detailed notes during the interviews and sent it to the science center
educator after the interview for the confirmation of the notes. For the consistency of

data collection procedure, all interviews were conducted by the researcher in the

Turkish language.
TELEPHONE E-MAIL FACE-TO-FACE
<> ;
Each participant After confirmation Face-to-face

was informed about by phone, each mterviews werg

the research by participant was sent conducted at the
phone. an e-mail on specified ime mm a

interview protocol, separated room.

date and time.

Figure 3.5 Interview process of science center educators
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During the interview, the researcher conducted the interview protocol, and if it was
needed, clarifications and further questions were asked to participants. Each

interview lasted from 40 minutes to 75 minutes.

After the interviews, cach science center educator was accompanied by the
researcher for the science center visit and provided guidance and the available
documents for the researcher. Later, the researcher sent a pen to each science center

educators as a memory of their voluntary participation in the interviews.
Semi-structured Interviews with Science Teachers

Semi-structured interviews with science teachers were conducted between 2017
April and 2017 May as face-to-face sessions in two cities of Turkey as Ankara and
Manisa (as a visitor school group to SciCen.06). For deciding on intervieewes and
interview date, the researcher had a telephone call with each school separately. After
the researcher had mentioned about her purpose in the study and requests from
science teachers, she sent the interview protocol, the research Human Subject Ethics
Committee permission form and the purpose of the study to science teachers as

electronic mail and confirmed the date and place for the interview.

Each interview was conducted individually in a quiet and separate place at school
environment (laboratory, counseling room, and teachers’ lounge during the class
hour) and lasted from 30 minutes to 45 minutes. For the consistency of the data
collection procedure, all interviews were conducted by the researcher in the Turkish

language.

3.35 Data Analysis

Content analysis was carried out by the researcher (Strauss & Corbin, 1998). During
the data analysis process, three stages of analysis in coding as open coding, axial
coding, and selective coding were used (Strauss & Corbin, 1999; Neuman, 2009).
Open coding is a procedure in this data analysis technique to develop conceptual

categories; whereas, axial coding is a procedure to investigate the relationships
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between the categories. Finally, selective coding is a procedure to build a story
among the categories and find the core categories for offering theoretical

propositions.

Data analysis was performed after each interview. The voice records were
transcribed, and a clean copy was made for the taken notes (for one science center).
After each interview was transcribed, they were sent to the interviewees for the
member checking phase. After the interviewees confirmed the transcribed
interviewees, the coding was performed. During the data analysis, the coding process
was iterative, and it was coded around the concept of educational effectiveness.
Therefore, current practices created categories related to having a relationship to

educational effectiveness.

During the open coding, the transcribed text was examined for salient categories, and
the codes were applied to the text to label the phenomena. The data were
conceptualized with more abstract terms such as “Lack of pedagogical knowledge”.
Then, the concepts were grouped, and a category was defined for each concept so
that categories were developed by the grouped concepts. Categories were named as
using broad in vivo codes. Also, a sentence by sentence coding approach was used
during the open coding procedure. After the categories were created, the hierarchies
between the categories were specified. And, the memos kept by the research during
the open coding were reviewed so that the momentary thought while creating the

codes were revisited (Glaser, 1978). Figure 3.6 shows the open coding process.
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Reading the first interview transcript sentence-by-
—>| sentence and interesting statements were marked

Reading the other : :
transcripts sentence- Discu551cn
by-sentence with colleague

4\—| Statements were summarized in one category H
. Discussion
Memo writing .
= with colleague Reorganization of
Subcategories

| Category dimensions were developed | and
Summanzation of
Categories

| Codebook with all categories and subcategories |7

Figure 3.6 Open Coding Process (Adapted from Strauss & Corbin, 1998)

During the axial coding, all data was coded to develop a model regarding the
educational effectiveness within the science centers. First of all, causal conditions
were taking the influencing factors of the central phenomenon, events, and
incidences into account to identify the points for the occurrence of educational
effectiveness. Secondly, the data was identified regarding its central idea. Third, the
context and specific conditions were identified. Fourth, intervening conditions were
determined. Fifth, action-oriented verbs were identified, and finally, consequences

were identified. Figure 3.7 shows an example axial coding process.
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Intervening

Causal Condition .
Conditions

Phenomenon
m/ ﬂ
Action

Figure 3.7 An example axial coding process

Finally, the selective coding procedure was applied to identify one or two categories
as the central phenomena. The story around the educational effectiveness category

was conceptualized, and the core category was related to other categories.

After the coding process, a comprehensive report about the data by interpreting the
findings and the conclusions was generated. Also, related quotations were selected

as examples to categories, themes, and subthemes.

3.3.6 Trustworthiness

Marshall & Rossman (2016) states that trustworthiness or goodness of qualitative
research, including reliability and validity, is derived from quantitative approaches
to restrict the limitations on contextually and personally interpretive nature. On the
other hand, Denzin and Lincoln (1994) define a set of criteria for trustworthiness,
which are credibility, transferability, dependability, and confirmability. In this
study, to ensure the trustworthiness of qualitative findings, these four criteria were

used.

Credibility
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The credibility of the current practices study was enhanced by using data
triangulation, member check, and peer reviews. Data triangulation was applied to
collect pieces of evidence from different individuals (Creswell, 2007). Therefore,
this allowed investigating the phenomenon from different perspectives (Bogdan &

Biklen, 2007).

In current practices study, the researcher obtained a clear and comprehensive
understanding of educational effectiveness within different science center settings
based on science center educators’ and science teachers’ experiences through data
triangulation process. Besides, different types of data sources including interviews,
field notes, and documents for enhancing the validity of the study. In addition to the
data triangulation process, the member check strategy was used to strengthen the
credibility of the study (Miles & Huberman, 1994). After each interview,
transcriptions were sent to the participants via e-mail to satisfy this strategy to get

their feedback (see Appendix D).

Finally, the peer review strategy was applied to enhance validity, including the
individuals who are familiar to the phenomenon and studied area taking the role as
an external controller of the data (Creswell & Poth, 2016). The advisor was
considered as a peer reviewer of this study, and the researcher had to present the
findings through collected data so that this process was to ensure the researchers’

findings.
Transferability

Creswell (2017) emphasized the importance of providing a detailed description of
the phenomenon in reference to the methodology and the context to allow the reader
to make their judgment regarding transferability. For this purpose, the researcher
provided a detailed description of each step in the research process for a clear
understanding of the conditions and consequences by the readers. In this current
practices study, the visited science centers and their characteristics with the
participants’ characteristics were provided to illustrate the surroundings of the study

for the readers.
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Dependability

Consistent and repetitive findings are essential to establish the dependability (or
reliability) within the research process (Miles & Huberman, 1994; Creswell, 2007).
Intercoder agreement is one of the most preferred strategies to ensure dependability.
With the intercoder agreement, more than one coder analyzed the collected data to
see whether the same codes are generated from the same excerpts of the document
(Creswell, 2007). In this study, the intercoder agreement was applied to eliminate

the bias of the researcher when analyzing the text-based data.

Miles and Huberman (1994) recommended a reliability score between .80 and .90
on an excellent reliability check after the first calculation of intercoder agreement.
During the inter coding process, after coding the data consisting of 10 percent of the
transcripts, the coders discussed the codes and reached a consensus on the precise
definition of the codes (Hodson, 1999). This procedure was repeated until the
required intercoder agreement score was obtained. The most informative interview
transcript of science center educators was selected to be coded by another researcher.
The independent intercoder was a researcher in the Department of Computer
Education and Instructional Technology at Middle East Technical University. She

conducted qualitative studies in both her master’s thesis and research studies.

Before the coding process, the intercoder was briefly informed about the purpose,
the research questions and the methodology of the study. The researcher as the main
coder and the intercoder also agreed about the procedure of the coding to ensure
reliability. This procedure included coding independently, assuring reconciliation of
different codes, deciding on all codes and re-coding if it was necessary. After the
first cycle of the coding, the two coders came together to discuss and comment on
the similarities and differences between the codes to form a consensus and create a
standard coding table. Since the score of the intercoder agreement was found as .74,
the necessity of re-coding occurred. After the second cycle of the coding, the score

was .90.
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Since the satisfactory score obtained from the second cycle of the coding, the
researcher continued the coding by herself. However, during the coding process, in

case a possibility to change any code was also consulted to the intercoder.
Confirmability

Confirmability (also refers to objectivity) is the degree of the neutrality of the
findings. Miles and Huberman (1994) pointed out the possibility of objectivity in

case the researcher states his/her prejudices and tendencies.

In this study, the researcher kept a journal and reflecting the notes on interviews,
participants, attitude, and thoughts to avoid misinterpretations of the data. With the
help of the kept journal and applied triangulation method, the researcher tried to
ensure that the interpretations and findings derived from the actual data collected
from informants rather than produced through the effect of the researcher’s

imagination or biases.

3.3.7 Ethical Considerations

Throughout the research process, ethical principles were taken into consideration
carefully. The research permission from the Human Ethics Committee at METU was
taken. Later than the research permission process, before the interviews begin, each
participant was informed about the study purpose and the research process in a
deliberate manner. Participants were told to be able to stop the interview when they

felt like it.

The anonymity of the data was provided to ensure confidentiality, and the interview
data and documents were not shared with any third party, and the names of the

participants were not mentioned in the data report.

91



3.4  STUDY II: Multiple Case Study

In multiple case study, a qualitative method was utilized to understand the aspects of
both individual and inter-individual metacognitive processes through 7%-grade

students’ interaction within a science center context.

34.1 Determination of the cases

The research study was formulated by selecting three cases as different lesson units
from 7™ graders’ science lesson curriculum (Work and Energy, Mirrors and Light
Absorption, and Solar System and Beyond). For each of the lesson units, the level of

comparison was both individual and inter-individual.

The reason that the research study focused on both individual and inter-individual
levels of comparison was due to practical and theoretical issues. For example, the
selected lesson units have varying exhibition units as a result of their different nature
of concepts, lesson objectives and learning goals in the science curriculum. However,
the description of similarities and differences in practice may reveal the actual
context and implementation of the scientific context within science center
environments. Thus, multiple cases were selected and investigated in a comparative

setting to discover and explain differences and similarities between cases.

Major components of the research design and related justifications are presented as

follows (Merriam, 1998; Yin, 2009):

(1) Bounded system: A case can be seen as a phenomenon of constructed
reality by individuals in a bounded context (Merriam, 1998; Stake, 1995).
Depending on what the purpose of the study is and what the rationales
behind the decisions are, a science concept may be defined as a case, a
group of people, a unit or a case study itself (Gerring, 2004). Cases in this
study were bounded by (a) nature of concepts of the related science lesson

units, (b) characteristics of exhibition units, (c) guidance and
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collaborative activities within science center environment, (d) time period
—only three weeks- field research for separated learning objectives and (¢)
conceptual framework of the study (metacognitive processes within
science center environments).

Science center as the metacognitive context in selected science lesson
subjects was the phenomenon investigated, science centers were the
bounded system, and their educational effectiveness in reference to
students’ metacognitive processes was the context. The purpose was to
propose the whole picture of metacognitive processes which can be
separated from neither the entire system nor the unique characteristics of
the selected science lesson units. The comparison of how metacognitive
processes occur throughout educational processes was limited to multiple
actors within the science centers about selected exhibition units.

(2) Unit of Analysis & Unit of Observation: Units of analysis are not
necessarily required to be the same as the units of observation (di Gregorio
& Davidson, 2008). Because, while “unit of analysis” refers to an entity
that is being studied and a level at which results are determined, “unit of
observation” is a level at which data is collected to understand the “unit of
analysis”. Concordantly, the unit of analysis is formed by the research

3

questions, while the “unit of observation” is determined by the data
collection methods.

In the research study, the “unit of observation” was the multiple actors
(science center educators and students) in reference to three science lesson
units and corresponding exhibition units who were interviewed and
observed in their respective guidance and collaborative stages of science
center environments. The observations supported the researcher in gaining
an understanding of the science center events. It is difficult to draw a clear
line between the units in the context of qualitative research since it is tough

to find a definitive distinction between the unit of analysis and unit of

observation.

93



(3) Nature of phenomenon: In the research study, not all of the potentially
important aspects of metacognitive processes were known in advance in
each context. Additionally, complex differences between participants’
metacognitive processes would reveal different findings within and in-
between cases. Participants’ science conceptual understanding and
metacognitive processes could not be separated from the context of the
study. Thus, a research design that allowed to keep an open mind within a
given research parameter was required to understand the complex
phenomenon as students’ individual and inter-individual metacognitive
processes in its real-world context where it is found and functioned. As
Merriam (1998) claimed that “the case study offers a means of
investigating complex social units consisting of multiple variables of
potential importance in understanding the phenomenon” (pp. 41), the
nature of the phenomenon within the current study indeed required a case
study design.

(4) Nature of research questions: According to Yin (2009), case studies are
favorable when “how” or “why” questions are being asked. The research
study explained differences and similarities in science concepts that exist
at the science center level, and illustrates how students’ metacognitive
processes occur at individual and inter-individual levels in science center

9% ¢

context in reference to concepts related to “work and energy”, “mirrors
and light absorption”, and “solar system and beyond”.

(5) Nature of event: Case studies are suitable when contemporary events are
investigated, and when behavior cannot be controlled (Yin, 2009). Case
studies can provide a broad range of data collection, such as observation
or interviews with people currently involved in the event. Experiments are
a suitable research strategy if the researcher can control the behavior of

the investigated events/people in general. When conducting the research

study, the researcher did not have any control over the action or conduct
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of the multiple actors (students, science center educators, and teachers)
throughout the observations and interviews.

(6) Multi-case design: The scope of a comparative study may cover a range
including more than one lesson unit, or it could be arranged to compare
the conditions of one specific lesson unit but at different times and/or
having different exhibition units. Within the studies employing a
methodology of a comparative approach, as Ragin (1987) stated, a case-
oriented research is used. As further noted in the study of Ragin (1987),
cases given within the qualitative research are regarded as configurations
that are formed by the combined characteristics, and they can be treated
as a whole. The study approach that is referred to as multiple cases has the
purpose of observing the processes and outcomes derived through several
cases or sites. This approach also helps to comprehend how these
processes and outcomes get qualified by the local conditions and lead the
development of more sophisticated and more powerful explanations”
(Miles & Huberman, 1994). Among the purposes of shaping and guiding
this study, a comparison of the cases took its place.

As the research study was built on three cases in different science lesson
units, it was classified as a multiple-case (cross-case) study (Merriam,
1998; Yin, 2009). Multi-Case study design was conducted, which
comprises the comparison of cases that differ on specific crucial
characteristics. Moreover, it was helpful to identify essential patterns
formed by the data collection. It aimed to provide a comparison of
metacognitive processes at individual and inter-individual levels within
the borders of the cases. The levels of comparison were conceptual in work
and energy, mirrors and light absorption, and solar system and beyond
lesson units. Units of comparison were the aspects of individual and inter-
individual metacognitive processes of students within the three chosen

lesson units. Metacognitive processes in terms of conceptual
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understanding within science center environments were analyzed,

described and illustrated using qualitative research methods.

3.4.2 Contextual Settings of the Study

This section described the research environments (exhibition units in relation to
science lesson units and the associated science centers and schools) for each case
and their characteristics to give readers an idea about the actual context of these cases
in general. These characteristics are described via the journal kept by the researcher,
the interviews with the science center educators, and obtained online and printed

documents.

Research environment selection is one of the substantial issues in multiple case
studies. Since the researcher focuses on the central phenomenon as “science centers
as metacognitive contexts” and investigated different subject matter areas with
varying units of exhibition in science centers as in with three cases, the research
environments were selected considering the available exhibition units matched with
the science concepts. In a nutshell, research environment micro-selection criteria
include (a) balance between the science concepts, (b) variety between the science
concepts, (c) balance between the contextual settings of three cases, and (d) variation

between the contextual settings of three cases.

The balance between science concepts refers to the balance between the selected
science lesson units. Although selected science lesson units were mentioned as in
different levels in theoretical aspects, they all require interactivity during the
meaning-making process. As mentioned, a variety between the science concepts was
also provided as in theoretical aspects to have opportunities for learning about
complexity and contexts. Besides the criteria related to science concepts, context-
related criteria were provided. First of all, the balance between the contextual settings

of three cases governed regarding the number and the characteristics of the
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contextual materials. Second, the variety between the contexts was provided as the

different exhibition units in different interactivity levels.

In addition to micro-selection criteria, macro-selection criteria were performed
during the final decision to selecting the science centers. Since current practices
study feedforwarded the rest of the study, interviewed science center educators
allowed portrait drawing of each science center. Two of them were selected for the

exhibition units which are matched with the investigated science concepts.

Selected contextual settings of each case, including science concepts and their related
exhibition units and selected science centers with their historical, cultural and

physical characteristics, were indicated at the following headings.

3421  Casel: Work and Energy (conducted in Feza Giirsey Science
Center)

Work and energy was the first science lesson unit in this study. It was carried out in
Feza Giirsey Science Center, which is one of the early founded science centers in
Turkey located in Ankara. Following headings mentioned the contextual setting of
Feza Giirsey Science Center, used exhibition units for the work and energy case,

assigned learning objectives to these cases, and explanations of the exhibition units.
Feza Giirsey Science Center

“Work and Energy” unit was carried out in one of the early founded science centers
in Turkey located in Ankara. It has six science center educators for a variety of roles,
which are preparing educational materials, guiding for exhibition units, serving to
school for demonstration experiments and conducting workshops. Besides science
center educators, Feza Giirsey Science Center has two organizational personnel who
are taking appointments for the visiting groups. Feza Giirsey Science Center was
established in 1993 and has 50 exhibition units. These exhibition units are belonging
to physics and biology related subject matter areas (Table 3.11). This science center

is open each day with the exception of religious and national holidays for individual
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or group visitors. Requested group visits may include kindergarten, elementary,
secondary and high school group levels. For the guiding process, visiting school

groups have been taking guidance for five exhibition units which are appropriate to

their educational level.

Figure 3.8 First floor of Feza Giirsey Science Center

Figure 3.9 Second floor of Feza Giirsey Science Center
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Table 3.11 Exhibition units and educational areas in Feza Giirsey Science Center

Floor Type Category or Function
Doing wet-laboratory experiments
Sub-ground 8 . Y ExP . .
Floor Workshop area  Conducting workshops for supplying the units
00 ) . . .
Conducting membership activities for enjoying
. Experiment demonstration
Demonstration . . .
Group preparation for science center experience
Ground area .
Sitting area for a rest
Floor

Exhibition unit
area

Units under physics concepts
Units under perception concepts

Exhibition unit
area

First Floor

Units under biology concepts
Units under physics concepts

Exhibition Units and Assigned Objectives

Table 3.12 shows the associated exhibition units in Feza Giirsey Science Center and

assigned learning objectives with these exhibition units. The assigned objectives

were taken from the 7"-grade science lesson curriculum, and they were assigned to

the related exhibition units.
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Table 3.12 Exhibition units and assigned learning objectives for Work and Energy
Case in Feza Giirsey Science Center

Exhibition : "
Week i Assigned Objectives
Units
Sand Mass and Weight Relationship
an
Defines the weight as a force and measures its

Pendulum itude with a d ter, denoting th
Press Test magr.ltl }[1 e V;,lf a yrie.lmomeﬂel:r, enoting .e "
Pedal Force gravitational 10rce acting on th€ mass as weignt.

Compares the concepts of mass and weight.

4

m

= Force-Solid Pressure Relationship

E Explores the variables affecting the solid pressure by

0 experimenting and analyzes the relationship between
3d Sand Pool these variables.
Air Bubble Discovers the variables affecting fluid pressure by
Race trying and analyses the relationship between these
Bernoulli’s variables.
Ball a. [Itis emphasized that gases exert pressure in a
Hot Air similar manner to liquids.
Balloon b. Variables and mathematical equations affecting

liquid and gas pressure are not mentioned.
Gives examples of pressure properties of solids,
liquids, and gases in daily life and technology
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Table 3.12 (Cont.) Exhibition units and assigned learning objectives for Work
and Energy Case in Feza Giirsey Science Center

Week LEJ);]T,[ISb ttion Assigned Objectives
Force, Work and Energy Relationship
Understands that the work done in the physical sense
is directly proportional to the applied force and the
Guess who path taken and indicates the unit.
wins Associates energy with work concept, classifies it as
3d Sand Pool  kinetic and potential energy.
a. Potential energy is classified as gravitational
v potential energy and elasticity potential energy,
m but mathematical relations are not mentioned.
= Energy Transformation
% Explains the transformation of kinetic and potential
8 energy types with examples and concludes that energy
(L}J) Guess who wins 1S conserved.
3d Sand Pool Explains the effect of friction force on kinetic energy
Pedal Force with examples.
Measure your a. Friction surfaces, air resistance, and water
power

resistance are taken into account in exemplifying
the effect of friction force on kinetic energy.

b. It is inferred that the loss of kinetic energy is
converted to heat energy by a simple experiment
showing that the friction surfaces are heated.

In addition to educational spaces selected for each learning objective of work and
energy unit, associated exhibition units and their explanations were mentioned in

Table 3.13.
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Table 3.13 Exhibition units and explanations in Feza Giirsey Science Center

Exhibition
Units

Images

Explanation

Sand
Pendulum

The sand pendulum was to
make students remember the
force concept, especially
resultant and friction forces.
It consists of a long, and two
short ropes joined in a V-
shape above. It works by
filling sand in a box with
holes at the end of the long
line.

3d Sand Pool

The 3d Sand Pool was used
to describe the solid pressure
and the variables to which the
solid pressure depends. It
consists of sand in different
colors projected as various
landforms.

Air Bubble
Race
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Air Bubble Race was to make
students observe the velocity
and size of the air bubbles in
the fluids after applying force
with the help of a pump. It
consists of three tubes with
different density liquids as
water, water and glyserin
mixture and glyserin.



Table 3.13 (Cont.) Exhibition units and explanations in Feza Giirsey Science

Center

Exhibition
Units

Images

Explanation

Hot Air
Balloon

Hot Air Balloon was to make
students observe the balloon
aeration. The exhibition unit
fires through a button. It
reduces the gas density by
heating the air inside the
balloon.

Bernoulli’s
Ball

Bernoulli’s Ball has a funnel,
a ventilation unit and a ball.
In the device which is opened
with the help of the button,
after the air is blown, the ball
rests on the moving air which
has lower pressure.

Pedal Force
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In Pedal Force, the dynamo
connected to the pedals
operates as the pedals of the
bicycle are turned, and it
operates the radio and the
bulb connected to the
dynamo.



Table 3.13 (Cont.) Exhibition units and explanations in Feza Giirsey Science
Center

Exhibition

] Images Explanation
Units g P

In Guess Who Wins, two
discs with different weight

distribution are released
Guess Who

Wins from the same height and

with equal force, which can
be observed before
completing the race.

In Measure Your Power, the
pedals of the bicycle are
turned, and the propeller is
operated, and the air is
Measure .
Your Power blown, and the ball is raised.
ur Pow .
Thus, it can be observed that
kinetic energy is converted

to gravitational potential

energy.

3.4.22  Case Il: Mirrors and Light Absorption (Conducted in Kocaeli
Science Center)

Mirrors and light absorption was the second science lesson unit in this study. It was
carried out in Kocaeli Science Center. Following headings mentioned the contextual
setting of Kocaeli Science Center, used exhibition units for the work and energy case,

assigned learning objectives to these cases, and explanations of the exhibition units.

Kocaeli Science Center
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Mirrors and light absorption was carried out in one of the biggest science centers in
Turkey located in Kocaeli. It has eight science center educators, two technological
support employees and one communication employee who is responsible for
preparing, conducting and evaluating educational activities. This science center is
open each day with the exception of national holidays for individual or group
visitors. Even though, the requested group visits may include kindergarten,
elementary, secondary, and high school group levels, the science center educators
guide kindergarten and elementary students rather than secondary and high school
group levels. For the guiding process, visiting school groups have been taking
guidance for pre-determined exhibition units which are selected among the highest
interactivity levels. Table 3.14 shows the exhibition units and educational areas in

Kocaeli Science Center.

Table 3.14 Exhibition units and educational areas in Kocaeli Science Center

Floor Type Category or Function
o _ Dynamical World
) Exhibition unit . .
First Floor Perception and Reality
area
Sultans of the Science
. Experiment demonstration
Demonstration . . .
Group preparation for science center experience
area

Sitting for a rest

Material production

d Fl Worksh
Second Floor OrkSTop area Technical skill acquisition

Studying
Library area  Sitting for a rest
Solving puzzles

Exhibition Units and Assigned Objectives

Table 3.15 shows the associated exhibition units in Kocaeli Science Center and
assigned learning objectives with these exhibition units. The assigned objectives
were taken from the 7"-grade science lesson curriculum, and they were assigned to

the related exhibition units.
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Table 3.15 Exhibition units and assigned learning objectives for mirrors and light
absorption in Kocaeli Science Center

Exhibition Units

Assigned Learning Objectives

Monochrome
Room

Shadow Play
Countless Color

Light Absorption

Discovers that light can be absorbed by matter as a result
of its interaction with matter

Concludes that white light is a combination of all light
colors

Relates the reason why objects appear black, white, and
color, with the reflection and absorption of light as a result
of observations

Gives examples of innovative applications of solar energy
in daily life and technology

Discusses the ideas about how to make use of solar energy
in the future

Touch the Spring
Infinite Views

Mirrors

Observes mirror types and gives examples of usage areas

Compares the images formed in flat, concave and convex
MIrTors:

a. Image drawing by special rays is not mentioned
. Mathematical relations are not mentioned
c. The properties of the image of the object (large /
small, inverse / straight) in the concave mirror may
vary according to the distance of the object from the
mirror can be mentioned

Color Removal

Light Refraction and Lenses

By observing the path of light changing the environment, it

relates the cause of refraction to the change of environment

Observes the refraction of light by experiment using thin

and thick-edged lenses

Give examples of the use of lenses in daily life and

technology

Designs an imaging tool using mirrors or lenses

106



In addition to educational spaces selected for each learning objective of mirrors and
light absorption unit, associated exhibition units and their explanations were
mentioned in Table 3.16.

Table 3.16 Exhibition units and their explanation for mirrors and light absorption in
Kocaeli Science Center

Exhibition

i Images Explanation
Units g P

Monochrome Room was to
make students observe the
results in the difference of the
lights. In this room, there is no
red light to reflect objects and
make them look red, and there
is no blue or green light.

Monochrome The objects in this room look
odd because a single color
light illuminates them.
Usually, light with many color
illuminate the world around
people. For example, a
sweater looks red because it

reflects red.

Room

Colored Shadows was to
make students observe
different tones of the colors.
By mixing the lights in
different colors, new tones are
obtained. For example, when
you block the blue light, you
make a shadow with Red and
Green light. The shade formed
by the combination of red and
green light is yellow.

Colored
Shadows
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Table 3.16 (Cont.) Exhibition units and their explanation for mirrors and light
absorption in Kocaeli Science Center

Exhibition Images Explanation
Units

Touch the Spring was to make
students observe the image of
the spring by considering the
large curved mirror. The
exhibition unit consists of a
large curved mirror, spring
and two observation holes at
front and right sides. The
large curved mirror helps to
create the image of the spring.
The light from the real spring
is reflected in the mirror to
form the image.

Touch the
Spring

Infinite Views was to make
students observe the unlimited
image formation and how
many mirrors are needed to
form this image. When an
object is placed between two
mirrors placed parallel to each
other, the image of this object
is formed separately in both
mirrors, depending on their
distance from the mirrors.
Then, these images are formed
in the reverse mirror image.
For example, a new image is
formed by the reflection of the
image formed in one mirror to
the other mirror, and this
event continues successively,
and infinite image formation
takes place.

Infinite
Views
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Table 3.16 (Cont.) Exhibition units and their explanation for mirrors and light
absorption in Kocaeli Science Center

Exhibition

. Images Explanation
Units g b
Color Removal was to make
students observe the colors in
rainbow from the white light.
Each filter blocks some of
Color
these colors and passes some
Removal

of them. The prism separates
the remaining colors and
allows us to see which colors

pass through the filter.

3.4.2.3  Case lll: Solar System and Beyond (conducted in Kocaeli Science

Center)

Solar System and Beyond was the third science lesson unit in this study. It was
carried out in Kocaeli Science Center. Following headings mentioned the used
exhibition units for the solar system and beyond case, assigned learning objectives

to these cases, and explanations of the exhibition units.
Exhibition Units and Assigned Objectives

Table 3.17 shows the associated exhibition units in Kocaeli Science Center and
assigned learning objectives with these exhibition units. The assigned objectives
were taken from the 7%-grade science lesson curriculum, and they were assigned to

the related exhibition units.
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Table 3.17 Exhibition units and assigned learning objectives for the solar system
and beyond in Kocaeli Science Center

Exhibition Units

Assigned Learning Objectives

Turk-Islamic
Astronomy World

Moving Through
Space

Space Investigations

Explains space technologies
Explains the causes of space pollution and predicts the
possible consequences of this pollution
Explains the relationship between technology and space
investigation
Explains the structure of the telescope and what it does
a. Telescope types are mentioned.
b. Light pollution is mentioned.
Makes inferences about the importance of telescope in the
development of astronomy
a. The selection of observatory places and the conditions of
these places are mentioned.
b. The contributions of Western astronomers and Turkish
Islamic astronomers are mentioned.
Presents a simple telescope model

Summer Sun
Winter Sun

Constellation
Viewer

Solar System
Model

Gravity Well

Solar System and Beyond: Celestial Bodies

Becomes aware of star formation process

a. The concept of nebulae is mentioned.
b. Examples of nebulae are given.
c. The concept of the black hole is mentioned.

Explains the concept of star

a. Types of the star are mentioned.

b. Constellations with the nomenclature of star groups seen
from Earth are referred to.

c. The distance between celestial bodies expressed in light-
years is mentioned.

Explains the structures of galaxies

a. Types of galaxies are mentioned.
b. Examples of galaxies include the Milky Way and
Andromeda galaxies.

Explains the concept of the universe
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Besides, Table 3.18 shows associated exhibition units and their explanations on how

they were used for satisfying the learning objectives needs.

Table 3.18 Exhibition units and their explanations for the solar system and beyond
in Kocaeli Science Center

Exhibition

i Images Explanation
Units g P

Turk-Islamic Astronomy
World was to make students
observe ancient astronomical
investigations in Anatolia.
Mapping of stars andsky
sphere were selected to
discuss the Turk-Islamic
Astronomy World which was
related to the lesson objective.

Turk-Islamic
Astronomy
World

Summer Sun / Winter Sun
was to make students observe
the changes affected by the
rays coming from the Sun to
planets at different distances
such as Earth or Mars. By
keeping the panel fixed on the
Earth and observing the
changes in the sun rays falling
into the Earth due to the shape
of the Earth.

Summer Sun
Winter Sun
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Table 3.18 (Cont.) Exhibition units and their explanations for the solar system
and beyond in Kocaeli Science Center

Exhibition Images Explanation
Units

Constellation Viewer was to
make students observe the
constellation and the change
of the brightness and the
position of stars depending on
one’s point of view. The stars,
which are very close to each
other when viewed from the
earth, may be very far from
each other in space. We
perceive nearby stars as if
they were brighter, but nearby
stars may be pale. Distant
stars may also be pale or
golden. Its position has
nothing to do with how bright
the star is. The mass decides
how bright the star will be and
what stages it will pass
through.

Constellation
Viewer

Solar System Model was to
make students investigate the
properties of the sun and eight
planets that make up the solar
system.

Solar System
Model
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Table 3.18 (Cont.) Exhibition units and their explanations for the solar system
and beyond in Kocaeli Science Center

Exhibition

] Images Explanation
Units g P

Gravity Well was to make
students observe he complete
turn of the planets around the
sun and the sun around the

black hole. The planet closest
to the sun is the fastest, and
the distant planet is the
Gravity Well slowest. Since the discovery
of Neptune, one complete
cycle has not been observed.
Similar turns occur in the

satellites around the planets.

Also in the center of our

galaxy is full of stars that
revolve around the black
hole.

3.4.3 Participants

Selection of Science Centers

Science centers were selected among the science centers who were participated in
the Current Practices: Study I. During Study I, the researcher had an opportunity to
see the science center environments and available units, which associated with the
selected learning objectives. Based on the available units that are associated with the
selected learning objectives and willingness of SCEs were the important factors on

selecting the science centers in multiple case study. SCEs willingly involved in the
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study due to their point of view to support the researchers and researches within the

science center.
Selection of Exhibition Units

The researcher either took a list of exhibition units from the science centers or took
photos of the exhibition units which are available for the selected science lesson
units. Table 3.19 shows the summary of selected units including the timing and the
match of the curriculum subjects; teacher’s requirement, and science center
educators’ advice from their previous experiences. Although science centers have
exhibition units matched with the selected concepts, in case there is no specific
exhibition unit for the concept, physical appearance of the exhibition units was taken
into consideration as a selection criterion. For instance, since 3d Sand Pool provides
a sand-surface environment, it can be selected to observe the differences in surface
area and solid pressure by referring to daily life examples. In addition to
aforementioned criteria, exhibition unit information which are close to associated
exhibition units were the last selection criteria for the exhibition units during

preparing instructional sequence.

114



Table 3.19 Sumary of selected exhibition untis for each case

Curriculum Exhibition
Subject Units

Timing

Notes

Sand

Pendulum

Force and

5 min

Teacher’s requirement: Sand pendulum should
be used to make students recall force concept.
Air friction force should be mentioned.

SCE’s advice: Students should observe
different oscillatory movements regarding a
variety of applied forces.

Timing issue: Since the oscillatory movemets
may be diversed by applying a variety of
forces, the time duration separated for the sand
pendulum is enough to recall previous

knowledge.

Pressure

Press Test

2 min

Teacher’s requirement: Press test should be
used to make students recall force concept.
SCE’s advice: Students should observe what
kind of fixed variables affect the forces during
press.

Timing issue: Since press test is to recall
previous knowledge and quickly connect it
with daily life example, the time duration
spared for this exhibition unit is shorter

compared to others.
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Table 3.19 (Cont.) Sumary of selected exhibition untis for each case

Exhibition
Units

Curriculum

] Timing
Subject

Notes

Pedal Force 3 min

Force and
Pressure

Teacher’s requirement: Pedal force should be
used to make students recall the force concept
and a quick information regarding energy
transformation should be given to prepare them
for the second part of the subject matter.

SCE’s advice: Students should observe how
different forces applied to pedals result in
difference within the level of light and sound of
the electrical devices.

Timing issue: Since pedal force is to recall
previous knowledge, quickly connect it with
daily life example, and prepare students for the
second part of the subject matter, the time
duration spared for this exhibition unit is
shorter compared to the time duration spared

for focused concepts.

3d Sand Pool 6 min

Teacher’s requirement: 3d Sand Pool (since it
provides a sand-surface environment) should be
used to make students recall both the force and
introduce solid pressure. Examples of solid
pressure should be given by referring to surface
area.

SCE’s advice: Students should also observe the
landforms and air pressure in the sea level
should be mentioned.

Timing issue: Since 3d sand pool is to
introduce the pressure concept to students, it

needs longer time.
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Table 3.19 (Cont.) Sumary of selected exhibition untis for each case

Exhibition
Units

Curriculum
Subject

Timing

Notes

Air Bubble

Race

5 min

Teacher’s requirement: Air bubble race should
be used for the liquid pressure and connect the
liquid pressure concept with the force.

SCE’s advice: Students should see the
difference between the sizes of the bubbles in
different liquid tubes and they need to try it in a
competitive way.

Timing issue: Since air bubble race is to
introduce the liquid pressure concept to
students and make them understand the
variables affecting the liquid pressure, it

requires longer time.

Force and

Pressure
Bernoulli’s

Ball

5 min

Teacher’s requirement: Bernoulli’s ball should
be used for air pressure concept.

SCE’s advice: Students should state the
differences between the moving air and static
air.

Timing issue: Since Bernoulli’s ball is to
introduce the air pressure conept to students
and make them understand the variables
affecting the air pressure, it requires longer

time.

Hot Air

Balloon

Smin e

Teacher’s requirement: Hot air balloon should
be used for air pressure concept.

SCE’s advice: Students should state heated air
and the air pressure inside and outside the air.
Timing issue: Since hot air balloon is to inform
students about the air pressure in regard to heat,

it needs longer time to observe.
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Table 3.19 (Cont.) Sumary of selected exhibition untis for each case

Exhibition
Units

Curriculum
Subject

Timing

Notes

Guess Who
Wins

8 min

Teacher’s requirement: Guess who wins should
be used for energy transformation. The
difference between kinetic and potential
energies should be mentioned.

SCE’s advice: Students should obseve two of
the discs and they need to guess what kind of
factors affecting their speed and travel-time.
Timing issue: Since “Guess who wins” requires
competition between two discs and theoretical
discussions on the results of the exhibition unit,

it needs longer time to observe.

Energy and
Energy 3d Sand Pool

Transformation

6 min

Teacher’s requirement: 3d sand pool should be
used for energy transformation to discuss the
kinetic and potential energies and make
connections with the previous concepts, air and
solid pressure.

Timing issue: Since students should be shown
balls with a variety of weight falling down to
sand surface, it needs longer time to observe

and discuss from the example.

Pedal Force

8 min

Teacher’s requirement: Pedal force should be
used for energy transformation to discuss the
kinetic energy and electrical energy.

SCE’s advice: Students should apply a variety
of force by pedalling and see the transformed
energy. Also, energy conservation should be
mentioned in regard to radio and light.

Timing issue: Since students should pedal and
discuss the energy transformation and recall the
types of energies by the help of previous

exhibition units, it needs longer time.
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Table 3.19 (Cont.) Sumary of selected exhibition untis for each case

Exhibition
Units

Curriculum
Subject

Timing

Notes

Energy and
Measure Your
Energy
. Power
Transformation

8 min

Teacher’s requirement: Measure your power
should be used for energy transformation to
discuss the kinetic energy and potential energy.
SCE’s advice: In addition to kinetic and
potential energies, applied air force concept can
be mentioned. Besides, each transformed
kinetic energy should correspond to a tool
using electricity. Students should be informed
regarding a social factor by using the concepts
such as savings. Also, each student can try the
exhibition unit after discussing the concepts.
Timing issue: Since students should discuss on
the applied air force, and energy

transformation, it needs longer time.

Monochrome

Room

6 min

Teacher’s requirement: Monochrome room
should be used for the “white light” concept.
SCE’s advice: Students should discuss the
differences between white and yellow lights.
Timing issue: Since students should discuss the
types of lights and question the results of the

exhibition unit, it needs longer duration.

Mirrors and Light
Colorful

Absorption
Shadows

5 min

Teacher’s requirement: Colorful shadows
should be used for the tones of mixed colors.
SCE’s advice: Students should question the
differences between different mixed colors.
Timing issue: Since students should discuss the

tones of mixed colors, it needs longer duration.

Countless

Color

3 min

Teacher’s requirement: Countless color should
be used to reinforce the prediction of the tones
of the mixed colors.

Timing issue: Since students discuss the tones
of the colors and strengthen their understanding

regarding them, it needs shorter duration.
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Table 3.19 (Cont.) Sumary of selected exhibition untis for each case

Curriculum Exhibition o
. . Timing Notes
Subject Units
SCE’s advice: Color removal can be shown by
extracting the main colors within the white
light with a help of a prism.
Color . L : :
5 min Timing issue: Since students discuss and
Removal . o o .
connect this exhibition unit with the previous
ones and discuss daily life issues such as
rainbow, it takes longer duration.
Teacher’s requirement: Touch the spring
should be shown and the prediction regarding
the types of mirrors should be taken from the
Mirrors and Light students by referring the exhibition unit.
Absorption Touch the 6 mi SCE’s advice: Each student should observe the
min
Spring spring individually.

Timing issue: Since each student observes the
spring individually and then discuss what kind
of mirrors reflect the images how, it takes

longer time duration.

SCE’s advice: Each student should observe the

flat mirrors individually and be asked how

Infinite Views 5 min many flat mirrors construct an infinite view.
Timing issue: Since each student observes the
infinite view, it takes longer time duration.
) Teacher’s requirement: In order to satisfy the
Turk-Islamic L . L
) objective related with the astronomical issues
Astronomy 5 min . . .
in Anatolia, Turk-Islamic Astronomy World
World o
should be indicated.
) Teacher’s requirement: Moving throung space
Moving )
Solar System and 5 min should be shown to make students observe the
Through Space
Beyond space components.
Teacher’s requirement: Sun clock should be
mentioned in relation to the seasons.
Summer Sun / ) o .
5 min Timing issue: Since students should observe

Winter Sun

the clock regarding different seasons and

different planets, the time takes longer.
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Table 3.19 (Cont.) Sumary of selected exhibition untis for each case

Curriculum Exhibition o
i . Timing Notes
Subject Units
e  Teacher’s requirement: The star formation
should be mentioned. Also, students should
) observe different stars in different distance and
Constellation . i .
i 5 min discuss how they form the constellation.
Viewer

e Timing issue: Since after observation, students
need to discuss on star-related issues, it takes

longer duration.

e  Teacher’s requirement: Solar system model
should mention the planets in the solar system,
their largeness, and their order regarding the

distance to the Sun.
Solar System ) o ) )
Model Smin e Timing issue: Since the model is based on
ode
hypothetical exhibition unit, it takes longer to
Solar System and ) )
B 4 recall the previous knowledge, inform them
eyon
Y about the solar system, and discuss on the solar

system components.

e  Teacher’s requirement: Gravity well should
mention the turning velocity of the planets
around the Sun and the Sun around the Black
Hole.

e SCE’s advice: Students should observe the ball

Gravity Well 5 min during it is falling into the gravity well.

e Timing issue: Since gravity well is based on
hypothetical exhibition unit, it takes longer to
recall related concepts and discuss on the
gravity, black hole and the movements of the

planets and the Sun.

Selection of Schools

The schools for each case were selected through both convenience and purposeful
sampling technique. The technique was determined in parallel to the main objective
of the multiple case study. Thus, criterion specified rather than random sampling was

employed. A purposeful sampling focuses on selecting information rich cases and

121



key informants (Miles & Huberman, 1994; Patton, 2002; Ritchie, Lewis, Lewis,
Nicholls, & Ormston, 2013). Among the school list of the ministry of education,
available elementary schools were specified and they were contacted for the
convenience. Among the convenient schools referring to their teachers” workload,
and willingness to participate in a research study, the schools having low to middle
socio-economic status level were selected for three cases. In addition, since during
the first case, the school was located at a distance to the science center; for the mirror
and light absorption, and solar system and beyond cases, the distance at a school was
specified as another criterion for the selection. Table 3.20 shows the participants of
each case for the selection of schools.

Table 3.20 Participants of each case including contextual settings, level and size of
the classroom(s), and associated science teacher

Case # Contextual Settings Other Parameters
Science School School Level and Size Associated
Center Distance to of the science
Science Classroom(s) teacher
Center
Public 30 km 7th-grade, two One science
Case 1. Elementary classrooms, a teacher
Work and Feza Giirsey School total of 42
Energy students (16 + 26
students)
Public 2 km 7th-grade, one One science
Case 2. Elementary classroom, a total  teacher
Mirrors and School (A) of 16 students
Kocaeli
Light Public 1 km 7th-grade, one One science
Absorption Elementary classroom, atotal  tegcher
School (B) of 26 students
Case 3. Public 4 km 7th-grade, one One science
Solar System  Kocaeli Elementary classroom, a total  teacher
and Beyond School of 26 students
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Participants of the Study

A total of four elementary schools including 7"-grade students (Nguigea=105,

Ncollaborative=72), four science teachers, and four science center educators, participated

in the multiple case study for three cases. Table 3.21 shows the participants of the

schools, students, science teachers and science center educators.

Table 3.21 Participants of the schools and science centers during multiple case

study
Contextual Settings  Participants
Science ] )
School Guided Tour Collaboration
Center
Students  Science Science  Students
Center Teachers
Educators

Case 1. Public 39 2 1 16

Feza
Work and Elementary

Glirsey
Energy School

Public 24 1 1 20

Case 2. Elementary
Mirrors ~ School (A)

Kocaeli
and Light Public 16 1 1 12
Absorption Elementary

School (B)

Case 3. Public 26 1 1 24
Solar Elementary
System Kocaeli School
and
Beyond

Case 1: Work and Energy was performed during the 2017-2018 fall semester at Feza

Giirsey Science Center in Ankara. Feza Giirsey Science Center had an appropriate

environment for this lesson unit due to its matched exhibition units, which could
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cover the objectives of the lesson unit. Since this lesson unit endures for six weeks
within the science curriculum, due to massive demand, the science center visits
divided into two stages for three weeks. The first visit focused on the learning
objectives related to force and pressure, and the second visit focused on the learning
objectives related to force and energy. The participated Elementary School, was
located at Cankaya district of Ankara, which had approximately 30 km distance to
Feza Giirsey Science Center having low to middle socio-economic status level. Each
case had three phases, including (a) guided tour, (b) collaborative activity, and (c)

video editing phases.

(a) Guided Tour: For the guided tour, a total of 39 students, one science teacher,
two science center educators and two classrooms from the Public Elementary
School was participated in the science center visit. Since the total size of two
classes was 42 and 39 students parents permitted to participate in the guided
tour, the convenient sampling method was used. Also, the science teacher
who was responsible for these 7th-grade classes was volunteer actively
participating in the study. Besides, two science center educators were offered
by the science center education coordinator to guide the visiting students.

(b) Collaboration: Moreover, the collaboration phase of work and energy case
consisted of a total of 16 volunteer students by including seven matched-pairs
(Nfemale=6, Nmale=8) and two individual students (Nfemale=1, Nmae=1) among
the students who participated in the guidance phase of this case. Matched-
pairs were selected among the students who are closer as a friend to each
other within the classroom. Students were motivated to participate in the
study in terms of three issues: (a) answering scientific questions by using
exhibition units in science center environment, (b) generating their own
videos during answering the questions, and (c) editing self-generated videos
to create a video database for other students who have limited opportunities
to visit science centers. Table 3.22 shows the matched pairs of work and

energy case participated in the collaborative activity phase.
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Table 3.22 Students in the Work and Energy Case

Students
Pair One Pair Two
StuName Gender StuName Gender

StuWeclnd.01 StuWeclnd.1 Male -
StuWeclInd.02 StuWeclnd.2 Female -

StuWecPair.01 StuWecl Female StuWec2 Female
StuWecPair.02 StuWec3 Female StuWec4 Female
StuWecPair.03 StuWec5 Female StuWec6 Female
StuWecPair.04 StuWec7 Male StuWec8 Male
StuWecPair.05 StuWec9 Male StuWecl0 Male
StuWecPair.06 StuWecl 1 Male StuWecl2 Male
StuWecPair.07 StuWecl2 Male StuWecl4 Male

StuWecPair: Pair of Students for Work and Energy, StuWeclnd: Individual Student for Work and
Energy, StuWec: Student for Work and Energy

Case 2: Mirrors and Light Absorption case was performed during the 2017-2018
spring semester at Kocaeli Science Center in Kocaeli. Kocaeli Science Center had
an appropriate environment for this lesson unit due to its matched exhibition units,

which could cover the objectives of the lesson unit.

Two schools participated in this case. The first school, Public Elementary School
(A), was located at the central Kocaeli, which had approximately twokm distance to
Kocaeli Science Center having middle socio-economic status level. Similarly, the
second school, Public Elementary School (B), was located at the central Kocaeli
which had approximately one km distance to Kocaeli Science Center having low to
middle socio-economic status level. Each case had three phases, including (a) guided

tour, (b) collaborative activity, and (c) video editing phases.

(a) Guided Tour: From the two selected public schools, a total of 40 students,
two science teachers (one teacher for each school), and one science center

educator participated in the guided tour. The convenient sampling method
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was applied for the participant selection of this phase. The class size from the
first Public Elementary School (A) was 24 and from the second Public
Elementary School (B) was 16, and each parent of the students permitted to
take participation in the study for the guidance phase. Also, the science
teachers who were responsible for these 7th-grade classes was volunteer
actively participating in the study. Besides, one science center educator was
offered by the science center education coordinator to guide the both visiting
students.

(b) Collaboration: Moreover, collaboration phase of mirrors and light absorption
case consisted of a total of 32 students by including 16 matched-pairs
(Nfemale=16, Nmale=16). After taking permissions from the parents for the
collaboration phase of the study, a total of 20 students (10 pairs) from the
Public Elementary School (A) and a total of 12 students (6 pairs) participated
in the study. Therefore, student-pairs were established based on the
convenience sampling method. Matched-pairs were the students who are
closer to each other within the classroom environment. However, their
performance levels in science course were varying. Students were motivated
to participate in the study in terms of three issues: (a) answering scientific
questions by using exhibition units in science center environment, (b)
generating their own videos during answering the questions, and (c) editing
self-generated videos to create a video database for other students who have
limited opportunities to visit science centers. Table 3.23 shows the matched
pairs of mirrors and light absorption case participated in the collaborative

activity phase.
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Table 3.23 Students in the Mirrors and Light Absorption Case

Students

Pair One Pair Two

StuName Gender StuName Gender School

StuMlaPair.01  StuMlal Male StuMla2 Male School A
StuMlaPair.02  StuMla3 Female StuMla4 Female School A
StuMlaPair.03  StuMla5 Male StuMla6 Male School A
StuMlaPair.04  StuMla7 Female StuMla8 Female School A
StuMlaPair.05  StuMla9 Male StuMlal0 Male School A
StuMlaPair.06  StuMlall Female StuMlal2 Female School A
StuMlaPair.07 StuMlal3  Male StuMlal4 Male School A
StuMlaPair.08 StuMlal5  Female StuMlal6 Female School A
StuMlaPair.09 StuMlal7  Male StuMlal8 Male School A
StuMlaPair.10  StuMlal9  Female StuMla20 Female School A
StuMlaPair.11 ~ StuMla21 Male StuMla22 Male School B
StuMlaPair.12  StuMla23  Female StuMla24 Female School B
StuMlaPair.13  StuMla25  Male StuMla26  Male School B
StuMlaPair.14  StuMla27  Female StuMla28  Female School B
StuMlaPair.15  StuMla29  Male StuMlIa30  Female School B
StuMlaPair.16  StuMla31  Female StuMla32  Male School B

StuMlaPair: Pair of Students for Mirrors and Light Absorption, StuMla: Student for Mirrors and
Light Absorption.

Case 3: Solar System and Beyond was performed during the 2017-2018 spring
semester at Kocaeli Science Center in Kocaeli. Kocaeli Science Center had an
appropriate environment for this lesson unit due to its matched exhibition units which
could cover the objectives of the lesson unit. One school, Public Elementary School,
was participated in this study which had approximately 4 km distance to Kocaeli
Science Center having middle socio-economic status level. This case had three
phases as well, including (a) guided tour, (b) collaborative activity, and (c) video

editing.
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(a) Guided Tour: A total of 26 students, one science teacher and one science
center educator participated in the guided tour. The convenient sampling
method was applpied for the participant selection of this phase. The class size
from this public elementary school was 26 and each parent allowed to
conduct the study in the custody of their science teacher and the researcher.
Also, the science teacher who were responsible for the 7th-grade classes was
volunteer actively participating in the study. Besides, one science center
educator was offered by the science center education coordinator to gudie the
visiting students.

(b) Collaboration: Solar system and beyond case included a total of 24 students
by including 12 matched-pairs (Ntemale=12, Nmaie=12). Therefore, matched-
pairs were established based on the convenience sampling method. Matched-
pairs were the students who are closer to each other within the classroom
environment and they were assigned by the science teacher. Students were
motivated to participate in the study in terms of three issues: (a) answering
scientific questions by using exhibition units in science center environment,
(b) generating their own videos during answering the questions, and (c)
editing self-generated videos to create a video database for other students
who have limited opportunities to visit science centers. Table 3.24 shows the
matched pairs of solar system and beyond case participated in collaborative

activity phase.
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Table 3.24 Students in the Work and Energy Case

Students

Pair One Pair Two

StuName Gender StuName Gender
StuSsbPair.01  StuSsbl Male StuSsb2 Male
StuSsbPair.02  StuSsb3 Female StuSsb4 Female
StuSsbPair.03  StuSsb5 Male StuSsb6 Male
StuSsbPair.04  StuSsb7 Female StuSsb8 Female
StuSsbPair.05  StuSsbc9 Male StuSsb10 Male
StuSsbPair.06  StuSsbl1 Female StuSsb12 Female
StuSsbPair.07  StuSsbl13 Male StuSsb14 Male
StuSsbPair.08  StuSsb15 Female StuSsb16 Female
StuSsbPair.09  StuSsb17 Male StuSsb18 Male
StuSsbPair.10  StuSsb19 Female StuSsb20 Female
StuSsbPair.11  StuSsb21 Male StuSsb22 Male
StuSsbPair.12  StuSsb23 Female StuSsb24 Female

StuSsbPair: Pair of Students for Solar System and Beyond, StuMla: Student for Solar System and
Beyond

35 Data Collection Instruments and Sources of Data

351 Overview of the Instruments

Case studies require a wide range of evidence such as direct observation results,
interviews with participants, documentary records, artifacts, and secondary analysis
of others’ research (Yin, 2009) to be able to provide a holistic and detailed
descriptipn of a phenomenon or to answer the questions why and how something
happened. Due to this requirement and in terms of the purpose of the study, the main

data source for data collection was the observations, retrospective interviews and
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documents from the key actors (students and science center educators) within science

center context.

Data collection instruments of multiple case study includes retrospective interviews
with students, documents (conceptual diagnostic paper and science diaries), field
notes and observations of science center educators, observations of students and
think alouds of students during guided tour and students during their collaborative
activities. Moreover, video recordings from the first and the third point of views
provided the observation data. First point of view videos were recorded via eye-
tracking so that eye movements of each collaborative partner was recorded as well.
Then, these self-generated videos during the recording of eye-movements were given

to students so that their videos construct a different source for the data collection.

Note: This multiple-case study was designed within three phases for each case
including video edition phase. Although the researcher conducted this phase from
data collection to data analysis, since metacognitive processes of students were not
observable by this phase, it needs modifications to include in further studies. In this
phase, students edited generated videos during the collaborative phase which were
extracted from the eye-tracking video data. During video edition phase, students
were given their produced videos and guidance by the researcher regarding the
video edition. These edited video materials were examined regarding the use of
conceptual words within transitions and on each separated parts. You may find the
details under data collection and data analysis sections for the edited videos;
although the products were not included in the results.

3.5.2 Documents

After each guided tour, students were given the science diaries to reflect their self-
experiences during science center visit as a whole class with their science teachers
by the guidance of a science center educator. In addition, students were given a

conceptual diagnostic paper for in-depth understanding of how science center
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educators’ guidance to whole class was effective on students’ conceptual

understanding.
Science Diaries

Science diaries are reflective papers which are for in-depth undetsanding of students’
science center visit experience and their conceptual understanding regarding the
scientific concepts. Many studies have been using science diaries by focusing on
students’ experiences. In the scope of this study, students’ interaction between
exhibition units, artifacts, science center educators, science teachers and their friends
is an important issue for understanding their self-experiences during the guidance

phase. Therefore, science diaries were given to students after the science center visit.

In this study, science diaries include a total of six questions (see Appendix E).
Questions were grouped under three stages as prior to science center visit, during the
science center visit and after the science center visit. Students’ background
knowledge and relation of science center visit with the concepts among their science
lesson units were asked. Figure 3.10 shows one of the students’ science center visit

reflection based on the questions from science diaries.
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Figure 3.10 Example of a students’ answer for one of the questions on science
diary

Conceptual Diagnostic Paper

This study used conceptual diagnostic paper for in-depth understanding of students’
science conceptual understanding about selected scientific concepts (work and
energy, mirrors and light absorption, solar system and beyond) after science center
visit. This paper was given to students in order to provide a coplementary
information on students’ conceptual understanding regarding the scientific concepts

related with their science lesson units.

In the conceptual diagnostic paper, students were asked questions on the exhibition
units that they had taken the guidance during the science center visit. The images of
the exhibition units were included in the papers with three sub-questions (see
Appendix F). These sub-questions focused on the relationship of the exhibition units

with the scientific concepts, relationship of the exhibition units with the science
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lesson unit, and relationship of the working principle of the exhibition unit with the

science lesson unit and scientific concepts.

3.5.3 Interview Protocols

Interview protocols are important to make use the allocated time for the interview
effective and help framing the interview questions and prioritization of question

orders to organize the interviews in a focused manner and take the relevant answers.

Interview protocols for students were prepared in Turkish to be conducted just after
their experience regarding collaborative activity and video editing session. A
separate interview protocol was prepared for students for both collaborative activity
and video edition session. The questions and content of the protocols for students
were reviewed by two experts in Instructional Technology and Science Education
field. According to feedback, the researcher added prompts in case the students have

not a quick answer for their experiences (see Appendix G).
Concurrent Interviews

Concurrent interviews focus on the questions which participants are asked on a
specific objective. This objective is to unveil the steps of problem solving during the
students are engaging in problems. The proccessing steps including encoding,
attending, selecting, manipulating, applying, translating and generating a response
are beliebed to exist for each student and do not interfere with the nature of their
problem solving (Leighton & Gierl, 2007, p.152). For conducting concurrent
interviews, in this study, during the collaboration phase of the study, students were

asked when it was necessary to verbalize their problem solving steps.
Retrospective Interviews

Retrospective interviews focus on the questions which participants were asked on a
specific objective. This objective is to confirm what participants said during the

concurrent session of the interviews. If a student is asked for solving steps of a
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specific problem and students’ verbalizations do not match with the answers giving
at retrospective interview; then, it may show that concurrent interview is invalid
(Leighton & Gierl, 2007). In addition, retrospective interviews also provide an
opportunity for students to mention on higher-level or metacognitive processes on
solved problems which they may not verbalized during the concurrent sessions.
However, the time lapse between the concurrent session and retrospective interview
should be sufficiently short in order to validate the concurrent session and make
students verbalize their expreiences which is not just localized with problem solving

strategies (Leighton & Gierl, 2007).

In this study, retrospective interviews were conducted just after the collaboration and
video edition phases. After the collaboration phase, students were asked questions
regarding their general experience obtained by their collaborative actions by showing
their filled question-cards and made them memorize regarding their observed

actions.

Secondly, After the video edition phase, students were asked questions on their video
editing experience related to their science center visit. This experience includes their
recall of exhibition units, connection of exhibition units and science lesson and

improvement suggestions for this phase (see Appendix G).

354 Observations

A case study should be conducted in the natural context of the case and this allows
collection of relevant data through direct observations in the natural setting (Yin,
2009). The need of the observation in the study is based on two differentiated natures
of the observational studies. The first one is that the observation provides a way to
investigate the phenomenon in the natural setting and the second one is that
researcher (observer) has the opportunity to experience the phenomenon at first hand

(Merriam, 2009).
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In this study, the researcher observed the stituation as a participant-observer. The
main concern of the observation was identifying the collaborative units of students
focusing on their individual and inter-individual metacognitive processes during
science conceptual understanding. The researcher took voice or written memos when

it was needed during and after each collaborative activity.

As observational instruments, the researcher used external video recordings of
collaboration phases for each case from two view points at a distance to students’
collaborative activities as dynamic agents. In addition, since each student wear a
mobile eye-tracking glass, video recordings of each student at each case were also

taken in align with the gaze patterns.
Video Recordings

Video recordings of collaboration phases for each case were taken by the researcher
from two viewpoints at a distance to students’ collaborative activities as dynamic
agents. Besides, since each-student wore an eye-tracking glass, video recordings
from the first viewpoints were also obtained. Figure 3.11 shows the equipment for

video recordings in the collaboration phase.
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Equipments for video recording in collaboration phase

® \

Figure 3.11 Demonstration of Tobii Glass 1 and Videos with Tripod. (a) shows two
Tobii Glass 1; when (b) shows two cameras with tripods to use in third-view of
video recordings

Eye-tracking Glass

The eye-tracking methodology allows researchers to record participants' eye
movements on wherever the user focuses (Holmqvist et al., 2011). Hence, eye-
tracking was used to examine students’ metacognitive processes, and two Tobii

Glass 1 were used during the collaboration phase.

During the collaboration phase each student wear an eye-tracking glass which
provided the freedom of movement as an ecologically valid instrument. Tobii
Glasses I was used as eye-tracking instrument which records eye movement data

from one eye and provided the gaze patterns of the agents.

3.6 Data Collection Procedure

Data collection procedure in multiple case study includes data as mentioned earlier

collection instruments as semi-structured interviews, eye tracking and third point of
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view video cameras as on-line observation instruments, conceptual diagnostic paper
and science diary, and student-edited videos as indirect observation instruments.
Since conducting both quantitative and qualitative data collection instruments have
been complementary processes for research questions regarding metacognitive
processes, in the following headings, they were presented as intricated procedures
under each of the phases. Furthermore, although it was not stated in the data
collection instruments, off-line records of teachers’ perceptions regarding their

students were reported as a part of the data collection procedure.
Guidance Phase

The guidance phase of multiple case study includes six sub-processes. These are
analyzing content, specifying events of instruction, arranging available slots for
science center for the science course hour, taking guidance from the selected science
center educator on specified events of instruction, allowing time to students to free-
explore the environment and asking students to write a science diary and fill the

conceptual diagnostic paper. Figure 3.12 shows the guidance process for each case.

CONTENT EVENTS OF TRANSFER GUIDANCE FREE- DIAGNOSTIC
INSTRUCTION EXPLORATION
O= A L]
B= == | O e
o= —> —t> 8T —>
Science course Based on learning During science Teachers were not After guided by Students were
book of seventh objectives course hour one assigned any roles SCE, students asked for writing
grades Confirmation by week after they Science center were free to the visit
Science centers’ science center were instructed educator guided discover exhibition || experience and fill
activities educators and for the topic for selected units by the conceptual
science teacher exhibition units themselves diagnostic paper

Figure 3.12 Guidance process for each case

For work and energy case, the selected school was located at Cankaya district of
Ankara, which had approximately 30 km distance to the Feza Giirsey Science Center.
For the guidance phase, students were transferred to Feza Giirsey Science Center for
having science center experiences. Students were transferred via school buses. The
researcher contacted school management, students’ families and students’ teachers
throughout transferring periods. Each classroom visited to science center with their

science teacher within the classroom hour as a part of their classroom activity.
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Beforehand, the researcher identified the objectives and the available exhibition units
in science center and prepared instructional sequence referring to prepared lesson
plan to be delivered by SCE by taking confirmation from two STs (one of them was
ST of two classrooms) and two science center educators regarding the lesson plan
(for detail see 3.4.2.1.). A different SCE guided each classroom group with the same
ST. After SCE guided students on selected exhibition units referring to WE lesson
unit for the first 25 minutes, 20-minute duration was given for the free-exploration
stage so that after students were guided, they were also allowed to familiarize the

science center environment.

Throughout the guidance and free-exploration stage, the video recordings were taken
by the researcher from two points of view. The researcher and one SCE adjusted the
video cameras throughout the guidance phase and throughout the free-exploration
period, two cameras were stabilized into the environment. After the visiting school
group completed the planned instructional sequence within a lesson hour (see Table

3.13), they were transferred to their school environment by school bus as well.

After the guidance stage, they were given the conceptual diagnostic paper and
science diary questions to perform them individually. The participated science
teacher distributed the conceptual diagnostic paper and science diaries to each
student who took guidance at the science center as a whole class group. After the
school visit experience, students filled the conceptual diagnostic paper having the
image of the related exhibition units and asking the relationship between the
exhibition unit and the scientific concept. Moreover, they answered individually to
the questions on paper-based science diary by reflecting their science center visit

experience as a whole class.

For mirrors and light absorption case, the schools were located at the central
Kocaeli which had approximately two km distance to the Kocaeli Science Center.
For guidance, students were transferred to Kocaeli Science Center for having science
center experiences Students were transferred to science center via school busses for

each phase. The researcher contacted with school management and students’
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teachers throughout the transferring periods. Guidance phase of mirrors and light
absorption case included 36 students, two science teachers, two science center
educators and two classrooms each from two different schools located at
approximately two km-distance to science center. Each classroom visited to science
center with their science teacher within the classroom hour as a part of their
classroom activity. Beforehand, the researcher identified the objectives and the
avaible exhibition units in science center and prepared instructional sequence
referring to prepared lesson plan to be delivered by SCE by taking confirmation from

two STs and two SCEs regarding the lesson plan (for detail see 3.4.2.2.).

Each classroom group was guided by a different SCE. After SCE guided students on
five selected exhibition units referring to MLA lesson unit for the first 30 minutes,
15-minute duration was given for free-exploration stage so that after students were
guided, they were also allowed to familiriaze the science center environment.
Throughout the guidance and free-exploration stage, the video recordings were taken
by the researcher from two point of views. The researcher and one SCE adjusted the
video cameras throughout the guidance phase and throughout the free-exploration

phase, two cameras were stabilized into the environment.

After the guidance phase, students were given the conceptual diagnostic questions
and science dairy questions to be filled. Each science teacher distributed the
conceptual diagnostic papers and science diaries to students to perform individually.
After students reflected their science center visit experience via answering to
questions on science diary and filled the conceptual diagnostic paper, they returned

back them to their teachers and the teachers passed to the researcher.

For solar system and beyond case, the school was located at the central Kocaeli
which had approximately four km distance to the Kocaeli SC. For the guidance
phase, students were transferred to Kocaeli SC for having science center experiences.
Students were transferred to science center via school busses. The researcher
contacted with school management and students’ teachers throughout the

transferring periods.
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A total of 24 students (Nboy= 12, and Ngir= 12) participated in the guidance phase of
solar system and beyond case. The instructional sequence in the guidance phase of
solar system and beyond case was determined by the available exhibition units which
are matched with the lesson objectives and the researcher took approval from the ST
and SCE. One ST and one SCE accompanied with the students for the guidance phase
(for detail see 3.4.2.3.).

After the guidance phase, students were given the conceptual diagnostic questions
and science dairy questions to be filled. Each science teacher distributed the
conceptual diagnostic papers and science diaries to students to perform individually.
After students reflected their science center visit experience via answering to
questions on science diary and filled the conceptual diagnostic paper, they returned

back them to their teacher and the teacher passed to the researcher.
Collaboration Phase

Collaboration phase includes sub-phases as transferring student to science center via
school bus, arranging eye-tracking glasses, informing about the study process,

collaborative pairs’ work and conducting retrospective interviews.

For the work and energy case, participant students were transferred as matched-pairs
to science center via school bus on available time slots for them. They were
transferred to the science center on the availability. Since each collaborative work
endured approximately one hour, two or three student groups were transferred to the
science center at a time to prevent a long wait. The researcher accompanied with the
students throughout their transfers between the school and Feza Giirsey SC. For Feza
Giirsey SC, the researcher asked for free-slots which provided a quiet environment
for the students during they were answering the questions. When matched pairs and
the researcher arrived at SC, the researcher set up the environment for video cameras
and eye-tracking glasses. After the location of video cameras was arranged, eye-
tracking glasses and their working principle were briefly introduced to students and
they wear glasses as not to close the camera viewpoint. The glasses were adjusted to

students’ heads as in providing a degree of freedom in their movements. After
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students wear the glasses, each student’s glass was calibrated in front of a white wall.
Later than, matched-pairs were given their question sheets at the entrance of the
science center and their glasses were activated. Students were asked for concurrent

think-aloud during they were answering to the questions.

Each student
wore a glass eye-
tracker to record
videos from first
perspective.

Students were
directed to
exhibition units
by questions of
worksheet.

Each
collaborative
group was given a
worksheet
including
exhibition units
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Figure 3.13 Students’ collaboration during their engagement with exhibition units
and worksheet

The researcher was available for the students when they needed any clarification or
hint and she was at the backside of the video camera for the direct observation.
After students felt they had over the questions, the session ended. Later than the

session ended, students were asked questions for retrospective interviews.

For mirrors and light absorption case, a total of 32 students participated in the
collaboration phase. For the collaboration phase of mirror and light absorption,
questions related with five exhibition units which were presented as a sequence of

instructional objectives to the students at the guidance phase.

Each pairs of the students were transferred to science center for collaborative
activity. Students wear eye-tracking glasses and the calibration was made for each
student. Later then, students were informed about the collaboration process as “You

will answer a set of questions and the glasses on your eyes will record what you are
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doing while you are answering them. Please think aloud as much as possible during

you are answering the questions.”

Students were - ey Ml Each student wore a
directed to : | glass eye-tracker to
exhibition units by record videos from
questions of first perspective.
worksheet.

Each collaborative
group was given a
worksheet including
exhibition units
from guidance
phase.

Figure 3.14 Students’ collaboration during their engagement with exhibition units
and worksheet for Mirror and Light Absorption lesson unit

After students answer the questions, they were asked questions regarding their
experience as a part of retrospective interview. Later then, students were transferred

to their school.

For solar system and beyond case, a total of 24 students (Nooy= 12, and Ngin= 12)
participated in the collaboration phase. The question-answer sheet was prepared

aligned with the instructional sequence in guidance phase.
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Each student wore a
glass eye-tracker to
record videos from
first perspective.

Students were

directed to
exhibition units by
questions of

worksheet.

Each collaborative
group was given a
worksheet including
exhibition units
from guidance
phase.

Figure 3.15 Students’ collaboration during their engagement with exhibition units
and the given worksheet for SSB lesson unit (The exhibition unit in the image:
Summer Sun Winter Sun)

After students answered the questions, they were asked questions as a part of

retrospective interview process.

Video Edition Phase

Video edition phase was performed in a computer laboratory area with students who

had participated in the collaboration phase. For the work and energy case, students

were trasferred to a computer laboratory of a public university; wherease, for the

mirrors and light absorption, students were transferred to the computer atelier of the

science center. Finally, for the solar system and beyond case, students used the

computer laboratory of their elemantary school. Students’ self-generated videos

through eye-tracking tool were extracted and given to each groupfor the editing. The
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researcher accompanied with the students to assist for video edition software which
was Movie Maker. For any technical issues with computers, the researcher and an

other computer staff were available.

Students were given to their own self-generated videos and filled answers within
worksheet and they were directed at the beginning of the video edition phase. The

directions were as follows:

1. Write the purpose of each exhibition unit at the beginning of the related one.

2. Write about your experience and how other students can get benefits from
these exhibition units.

3. Write questions to your friends that you have thought that can be beneficial

for them in understanding the lesson concepts.

Students who were participated in the collaboration phase attended to video edition
phase as well to edit their own self-generated videos extracted from eye-tracking
glasses recordings. For work and energy case, and mirrors and light absorption case,
students were transferred to another computer laboratory out of school due to
computers’ technical problems. The researcher accompanied students throughout the
transfer and helped them in editing their videos. Whereas, for solar system and
beyond case, students were transferred to the computer laboratory which was
available in their school and the school computer teacher provided technical help if

there existed any problems.
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Students were given
collaborative

worksheet during the
video edition.

In a laboratory setting,
students were given
their own first
perspective videos for
individual edition.

Students were directed to write about the
purpose of exhibition units, their relations to
lesson units and how other students can get

benefit from their videos and science center
environment.

Figure 3.16 Students’ video edition phase during the edition of their self-generated
videos.

At the end of the video editing phase, the edited videos were saved to be examined.
However, this phase of the multicase study was not included in the results due to its
effectiveness on detecting metacognitive actions of the students. Different design
settings for video edition to detect metacognitive actions or experiences were

discussed and suggested at the final chapter.

3.7  Data Analysis

Data analysis included three sub-phases as data analysis for guidance phase, data
analysis for collaboration phase and data analysis for edited video phase. The
researcher performed the analysis by using Tobi Studio, Transana Professional 3.0,
and Nvivo 12. Following paragraphs included the data source and the analysis step

for each phase.

(a) Data Analysis for Guidance Phase: The guidance phase of the study

included video recordings (two videos from the third point of views)
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throughout the science center educator’s guidance to school visit groups, and
documents (conceptual diagnostic paper and science diary) filled just after
the science center visit. Two video recordings from the third point of view
were analyzed by using content analysis method. During content analysis,
qualitative data were transcribed and then coded. Then, codes were assigned
to themes and categories. The researcher used Transana Professional 3.0
(Woods & Fassnacht, 2007) based on the initial coding scheme. The coding
scheme targeted at the science center educator’s metacognitive regulatory
processes adapted by using two source coding schemes on metacognitive
processes (Liesje De Backer, Keer, & Valcke, 2016; Meijer, Veenman, &
van Hout-Wolters, 2006). Table 3.26 shows the initial coding scheme for

science center educators’ metacognitive processes.
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Table 3.25 Initial coding scheme of science center educators’ metacognitive
regulation process

Category  Theme Sub-Theme
Orientating Content Orientation Activating prior knowledge
Hypothesizing
Guide Orientation Providing turn-taking
Relocating
Task Analysis Establishing task demands

Informing task subjects and
constitution

Structuring task instruction

Planning Considering alternatives for
conceptual understanding

Developing action plan

Monitoring Monitoring of strategy use Component structuring

Repeating question
Selective attention

Monitoring of progress

Comprehension monitoring Noticing lack of comprehension
Claiming (Partial) understanding
Demonstrating comprehension by
repeating
Demonstrating comprehension by

elaborating

Evaluating Checking
Reflecting

Document data collected by conceptual diagnostic paper and science diaries were
analyzed by using content analysis method as well. Before analysis process, answers
and reflections of each student were transferred to computer environment. A
deductive approach was used to code students’ science diary and conceptual
diagnostic papers for in-depth understanding their experience of taking guidance
during the science center visit. Conceptual diagnostic paper was coded regarding

students’ conceptual understanding of each scientific concept. An evaluation rubric
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was used for coding the levels of conceptual understanding which are misconception,
no understanding, emergent understanding, partial understanding and sound

understanding (see Appendix K).

(a) Data Analysis for Collaboration Phase: The collaboration phase of the study
included videos from the first and second points of view, worksheets, and

retrospective interviews for each collaborative student.
First-eye videos by eye-tracking glasses

First, first-eye videos by eye-tracking glasses were analyzed for each
collaborative pair. Qualitative data from eye-tracking was extracted by using
Tobii Studio as a video file. Then, videos of each collaborative pair were
coded synchronously at Transana Professional 3.0 environment. Data of each
phase for all gathered data were analyzed seperately for the multiple case
study. Eye-movement patterns of each collaborative pair were transcribed
regarding each student’s looking direction (pair’s eyes, exhibition unit,
worksheet, and science center environment) and type of eye movements

(transitions, and visual search).

Video data acquired by Tobii Glasses 1 for each student in the collaborative
unit were analyzed after synchronization. Transana Professional 3.0 was used
to synchronize and conduct the conversational analysis. Students’ verbal
utterances and eye movement patterns were coded during the analysis in a

timeline-based manner.
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Worksheets

Second, worksheets were used within document analysis to detect students’
level of scientific conceptual understandings for each case. An evaluation
rubric was used to determine the level of science conceptual understanding
(see Appendix). Data from worksheet also helped to expose the issues and

challenges, and needs for the revisions in the embedded instructional design.
Retrospective interviews

Third, qualitative data from the retrospective interviews were analyzed to
examine how 7th-grade students’ individual and inter-individual processes
occur within science center context during answering to questions on the
worksheet. Qualitative data were analyzed by using content analysis and

conversation analysis method.

During content analysis, qualitative data were coded, and codes were
assigned to themes and categories (Berg, 2001; Maxwell, 2013; Merriam &
Tisdell, 2016). Before analysis process, voice records of interviews and
retrospective reviews were transcribed to prepare data for analysis. An initial
codebook with several initial codes and categories/themes related to
metacognitive processes within science center context during conceptual
understanding was also created based on the literature (Meijer, Veenman

& van Hout-Wolters, 2006; De Backer, Van Keer, Valcke; 2016).
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Table 3.26 Initial coding scheme of collaborative students’ metacognitive process

Metacognitive Main Theme Sub-theme

Process (Category)

Orientating

Content Orientation
Activating prior in-class knowledge
Activating prior experience from
guidance session
Hypothesizing

Task Analysis
Detecting task demands
Exploring task subjects and
constitution
Becoming aware of task
perceptions

Structuring task instructions  Pointing to (underlining) core

concepts

Schematizing task instructions
Planning Planning in advance Planning solving task approach
Distributing role of duties
Interim planning Planning solving task approach

Distributing role of duties

Monitoring

Monitoring of strategy use
Text structuring
Component structuring
Selective component navigation
Re(reading)
Adapting strategy use

Monitoring of progress
Reflecting on strategy use
Reflecting on the proposed solution
Reflecting on the quality of the

progress made
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Table 3.27 Initial coding scheme of collaborative students’ metacognitive
knowledge and regulation process

Metacognitive Main Theme Sub-theme

Process (Category)

Reflecting on the collaborative
activity

Comphrension monitoring
Noticing lack of comprehension
Claiming understanding
Demonstrating comprehension by
repeating

Demonstrating comprehension by

elaborating
Evaluating
Evaluating learning Checking correctness of the
outcomes conceptual understanding

Checking completeness of the
conceptual understanding
Checking effectiveness of the
conceptual understanding
Recapitulating answers
Evaluating learning process ~ Reflecting on personal efficiency
Reflecting on task difficulty
Reflecting on self-efficacy

(b) Data Analysis for Video Edition Phase: The video edition phase of the study
included students’ edited videos as their products and retrospective
interviews just after then the video editing session.

Students’ Edited Videos

Each edited video was analyzed by using the content analysis method. The
main questions being asked during the analysis were:

(1) How did each student separate the associated concept?

(i)  What kind of questions did each student asked to other potential

students?
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(ii1)  What kind of experiences did each student write on the edited video?
(iv)  How did each student get benefit from their filled worksheets?
Retrospective interviews

The researcher conducted an interview individually with each student. The
interviews were transcribed and content analysis method was used to
pinpoint students’ perceptions regarding both their video edition phase and

the whole process.

3.8 Trustworthiness

Marshall & Rossman (2016) states that trustworthiness or goodness of qualitative
research, including reliability and validity, is derived from quantitative approaches
to restrict the limitations on contextually and personally interpretive nature. On the
other hand, Denzin and Lincoln (1994) define a set of criteria for trustworthiness,
which are credibility, transferability, dependability, and confirmability. In this study,

to ensure the trustworthiness of qualitative findings, these four criteria were used.

The credibility of the multiple case study was enhanced by using data. Data
triangulation was applied to collect pieces of evidence from different individuals
(Creswell, 2007). Therefore, this allowed investigating the phenomenon from

different perspectives (Bogdan & Biklen, 2007).

For the transferability, the characteristics of the science centers, students, schools
and the teachers were provided to illustrate the surroundings of the study for the

readers for each case.

For the dependability, coder based repeated coding was applied to provide an

agreement for the analyzed data.

For the confirmability, the researcher kept both audio and written journal and
reflecting the notes on the video recordings. Also, eye tracking device provided a
methodological instrument for triangulation method. So, researcher’s bias were tried

to be eliminated.

153






CHAPTER 4

RESULTS

The purpose of this study was to investigate and analyze the metacognitive processes
during and after collaborative learning activities amongst 7" graders of Turkish
students visiting science centers in terms of the aspects contributing to metacognitive
processes in science centers within a holistic perspective. This thesis includes two
separated but connected studies. The first study questioned the current practices
affecting educational effectiveness within multi-dimensional characters of science
centers incorporating educational practices (instructional design process) and
organizational practices (infrastructural issues, regulations, and collaborations). A
qualitative research design guided this first study based on the comprehensive needs
assessment study approach. The science center educators and science teachers’
perceptions of educational effectiveness within science centers were disclosed with
the help of semi-structured interviews. Additional data to support the interviews and
direct observations were provided by the examination of the related documents.
Finally, in order to draw a conclusion, the themes and sub-themes that emerged from
qualitative data analysis that were key to the research questions were categorized and

brought together according to their interrelatedness.

On the other hand, the second study, whose design was proposed based on the results
of the first study, probed the aspects revealing metacognitive regulation and
knowledge processes based on individual and inter-individual perspectives. The
study was guided by a multiple-case study approach. The science center educators’
and students’ metacognitive activities during conceptual transfer and conceptual
understanding of selected scientific concepts were disclosed with the help of direct,
indirect observations, documents, and interviews. Finally, in order to draw a

conclusion, the codes were generated from qualitative data analysis that was key to
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the research questions were categorized and brought together according to their

interrelatedness.

The findings were stated in the following structure: Firstly, for the study of the
current practice, each category and emerging themes related to that category was
summarized individually under educational and organizational practices. Secondly,
for the multiple case study, each theme was summarized separately, and then each
context within science center regarding “Work and Energy”, “Mirror and Light
Absorption” and “Solar System and Beyond” units respectively was explained with
the help of the quoted statements and looking patterns of the participants under each
code. Also, at the beginning of each level and theme, a compare and contrast
paragraph was provided to demonstrate a holistic view of the contexts. Thus,
differences and similarities between contexts were intended to be revealed more
clearly. Additionally, at the end of each level of issues, a table showing similarities
and differences was also presented. Lastly, a figure showing the relationships

between the themes and sub-themes that the findings indicated was drawn.

Moreover, the findings regarding metacognitive knowledge and regulation processes
are presented in the individual and inter-individual perspectives within macro, meso
and micro levels. The macro level includes such themes and codes regarding selected
scientific topics; whereas, meso level includes such themes and codes regarding
environmental factors such as exhibition units, used hand-materials, and educational
areas. Finally, the micro-level includes issues at the level of the individuals. Micro-
level is also presented by the codes and themes about the conceptual understanding

of scientific topics.

The findings were reported with deductive reasoning. For this reason, the narration
of this deductive report moved from the general aspects to the specific aspects of
metacognitive processes. In this sense, it was primarily aimed at drawing the big

picture and later looking at metacognitive processes closely.
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4.1  Results for Study I: Current Practices in Science Centers

Current practices study of this thesis study centralized the main research question as
“What are the current practices of science centers according to science center
educators and science teachers’ experiences?” and focused on the following research

questions for founding the basis of the multiple case study:

1. How are current educational practices within science centers?

2. How are current organizational practices within science centers?

Data analysis provided one main category under current educational practices as
current educational practices, and four main categories under organizational

practices as barriers, expectations, needs, solution attempts.

41.1 Educational Practices

Category I: Current Educational Practices

This category relieved current practices focusing on educational aspects within
science centers. Current practices (Nsc=13, nsce=20, f=561) held by science center
educators to enhance educational effectiveness emerged two main themes as (a)
designing instruction and (b) enhancing collaboration. Designing instruction
emerged as one of the main themes for current educational practices category
(nsc=13, f=480). This main theme was an essential part of the delivery of the
instruction to the target groups and stated sub-themes as including analyzing,
designing-developing, implementing, and evaluating. These sub-themes were

written as a part of the cyclic process in the rest of the paragraphs.
Analyzing

The analyzing phase, as a sub-theme, was stated in the first phase of the designing
instruction process (Nsc=13, nsce=20, f=131). This phase included the elements

which science center educators take into consideration throughout designing the
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instruction as an initial stage to ground the instruction with content analysis, learner
analysis, and need analysis. Table 4.1 illustrates the sub-themes and associated codes
regarding designing instruction. First, content analysis was stated as being
conducted regarding school curriculum, other science centers’ activities, and other
aspects. First of all, science center educators reported that they are taking the school
curriculum as a baseline before preparing and adapting field-trips and workshop

activities. SCE.19 from SciCen.12 said following excerpt:

“Discovery time (which is a prepared educational activity time

during field-trips) is especially covering exhibition units which

are including lesson objectives in the school curriculum.” [Q2,
Appendix I]

Table 4.1 Analyzing sub-theme of Designing instruction theme under Current
Educational Practices

Number of SC  Frequency of being told

Sub-Themes ) 0
Content Analysis 13 43
Curriculum 12 30
Other science center’s activities 6 10
Other aspects 3 3
Learner Analysis 13 49
Age characteristics 12 36
Cultural characteristics 2 2
Learner’s interest 7 11
Context analysis 13 39
Available educational space 6 8
Material characteristics 8 15
Timing 9 16

Nsce=20

Second, learner analysis was stated to comprise learners’ ages, cultural
characteristics, and their interest to set the foundation of design and development

processes. This analysis was stated as necessary for not only to provide instruction
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regarding students’ cognitive levels but also not to have a feeling of failure. SCE01

from SciCen.01 said following excerpt:

“We are not preparing workshops which are above students’
cognitive levels stated in the school curriculum. We want to make
them discovery, but we do not want that they have a feeling of
failure.” [Q3, Appendix I]

In the analyzing phase, finally, context analysis was stated as being conducted
regarding available educational space, material characteristics and timing (visit
duration). While available educational space specifies visiting group sizes, material
characteristics found the basis for how a subject in the curriculum should be treated
in consideration with the selected material characteristics. In addition to these, timing
(visit duration) for that specific workshop or field-trips was taken into account as a
need so that SCEs prepare the educational activities regarding visit duration of each
school group to enhance educational effectiveness. SCE.11 from SciCen.07 said

following excerpt:

“Some exhibition units are an appeal to the eye so that they are
drawing more attention at first glance, such as experiments like
turbulence or bicycle. But, other exhibition units may require
much theoretical information so that students have less interest
in them.” [Q4, Appendix I]

Designing and Developing

Designing-Developing, as the second phase, was stated as being carried out
simultaneously by science center educators (Nsc=13, nsce=20, f=52). Table 4.2
presents the sub-themes and associated codes regarding the designing-developing
phase. Designing-Developing phase divided into three sub-themes as specifying
instructional methods, material arrangement, and activity design process. Specifying
instructional methods was reported as a sub-phase for the designing-developing

phase. It was stated that learner, topic, and material characteristics are taken into
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consideration for the specification. Thus, SCEs diversify activities regarding

different age groups, subject matters, and materials.

Table 4.2 Designing-Developing sub-theme of Designing Instruction theme under
Current Educational Practices

Number of SC  Frequency of being told
(n) U)

23

13

Sub-Themes

Specifying instructional methods
Learner characteristics
Material characteristics
Topic characteristics

Material arrangement

Activity design process 20

Activity diversification

Brainstorming on draft activity

AN L Lt © OO N B~ NN

Draft activity preparation
Nsce=20

Material arrangement in educational space, on the other hand, was seen as an
essential sub-phase implemented by SCEs for designing-developing processes. Since
the material arrangement was reported as critical to facilitate transitions between the
exhibition units being presented to visiting school groups as well as essential to
provide links between subjects in exhibition units and workshops. SCE18 from

SciCen.12 said following excerpt:

“For instance, we have an educational space on pendulums for
exhibition unit area. There were four to five exhibition units for
them, but we see that they are constituting a complete subject.
Then, with feedback, we thought that they inform about similar
subjects, but they are located in different places and when one
was going to a similar subject which was located at a distance
needed to pause, and this was resulting in a disruption in subject
integrity. After this kind of feedback, we brought exhibition units
about pendulums as a single exhibition unit. For now, you can

see small rooms and plus signs while you are entering the
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educational space, which is related to pendulums, and just by
turning around, you are exposing to all exhibition units on

pendulums.” [Q6, Appendix I]

Besides, during the activity design process, to enhance educational effectiveness
through the conducted activities, SCEs diversify activities, prepare draft activities
and brainstorm on draft activities by coming together. SCE.09 from SciCen.06 said

following excerpt:

“We organize workshops in many different areas. For instance,
we are excavating for archeology workshops with which we have
a kit, and we are describing archeology processes in our
excavation area. We have approximately 40 to 45 workshops,
and they are all different.” [QS, Appendix 1]

Implementing

Implementing phase revealed three themes as sequencing instruction, use of
instructional methods, and use of sequencing instruction methods (nsc=13, Nsce=20,
f=204). The distinction between these three categories was made regarding how
science centers sequence their instruction in practice and what the theoretical
background of sequencing instructions are in terms of both use of instructional
methods and use of sequencing instruction method. Table 4.3 shows revealed sub-

themes for implementing phase with the number of frequency.

Sequencing instruction, as a sub-theme, included three main stages respectively, as
the preparation stage for science center experience, guidance and free-exploration
stage (nsc=13, f=135). After SCEs prepare visiting school groups for science center
experience, they guide selected groups and finally, they do not interfere with the
groups by providing them a free-exploration chance to explore the science center
environment by their own will. Although these stages show variety among science

centers, shared understanding of school visits was stated as in the following order:
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The preparation stage is the first stage of the science center visit program offered to
visit school groups. At this stage, first of all, teachers are informed by SCEs before
the school visit via e-mail by sending brochures or pre-prepared forms of questions.
Secondly, students are arranged based on the group-sizes to use the educational space
efficiently and finally, students are informed about the science center and its
regulation to adapt students to context. In brief, the preparation stage was stated as
including informing teachers, arranging group-sizes and adapting to the context

before the guidance stage. SCE19 from SciCen.12 said following excerpt:

“Students in school visit groups are very excited. We begin by
saying our slogan to them: ‘We have a regulation here’. When
we are saying ‘regulation’, they start to stay in order. ‘Our
regulation is keeping off exhibition units are forbidden’ Students
cannot believe this, for the first time, they cannot understand
since students have been told as they should not do. Firstly, they
like this idea and this is motivating for them. Then, we give short
information about the science center, including how many
exhibition units there are inside, what they will see, what they
can do and they may come here with their families as well.” [Q7,

Appendix I]

Guidance stage, on the other hands, SCEs activate students’ prior knowledge,
demonstrate on exhibition units about subject matters, ask questions regarding the
subject matters, get responses from students in verbal or non-verbal cues, give roles
to students based on material characteristics, provide feedback for them and finally
connect the subject matter with another exhibition unit or daily life examples. Since
SCEs mentioned the interchangeable sequence of guidance stage regarding SCEs
instructional strategy and characteristics of exhibition unit, instructional sequence
stated under the guidance stage is not typical for all learning resources within

different science centers.
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The free-exploration stage, as the third sub-phase, was stated as a period in which
students are able to explore the science center environment or exhibition units
following their own will. During this period which can last up to 20 minutes, students
are able to discover the science center individually or in groups and interact with
their teachers, friends or SCEs. SCEs who were observing students’ behaviors during
this period stated students get preliminary information by reading the information
written on exhibition units and set the goals for those units to discover it. Moreover,
SCEs observed that students show up help-seeking behaviors and they are trying to
drive a conclusion by trial and error method. Finally, educators stated that students
track their progress and assess whether they could achieve their goals or not.
However, the frequencies of planning, monitoring and evaluating activities were
rarely mentioned by SCEs. This may refer to science centers may not implement
direct observations throughout students’ engagement with exhibition units or science
centers may not have adequate knowledge to verbalize students’ metacognitive

activities.

In addition to sequencing instruction, the use of instructional methods was revealed
as a theme under the implementing phase. SCEs stated that instructional methods
that are used during implementation are collaborative learning, inquiry learning,
learning by doing and meaningful learning. SCEs believed that implementing the
aforementioned instructional methods enriches the educational activities. Although
these instructional methods were stated as mostly being used for the guidance phase,
it was also assured that the science center environment led to students apply this kind
of instructional methods as well. In addition to use of instructional techniques, use
of sequencing instruction methods was also revealed as a sub-theme which included
that SCEs sequence the instruction in accordance with abstract to concrete and simple
to complex and also they assured that they give mental breaks during the period when
students’ cognitive load increase by making them do physical work (such as placing

laboratory equipment in place). SCE.05 from SciCen.04 said following excerpt:
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“Sometimes, we make students collaborate during doing
experiments. For instance, a skeleton cannot be done by one
student so that we bring three students together, and they
construct that model. And, they perceive this as ‘This work
belongs us, we did it.” Also, they engage in group works having a
product at the end of the work period. On the other hand, for
doing a telescope, a student can do it individually. Therefor this
(selection of instructional methods) depends on the students’

readiness and content.” [Q8, Appendix ]

164



Table 4.3 Implementing sub-theme of Designing Instruction theme under Current

Educational Practices

Sub-Themes Number Frequency
Sequencing instruction 13 135
Preparation stage 8 23
Preparing teachers 3 8
Arranging group-sizes 5 7
Adapting to context 4
Guidance stage 11 85
Activating prior knowledge 5 10
Connecting 3 3
Demonstrating 9 18
Getting responses 8 19
Giving examples 2 2
Giving feedbacks 2
Giving roles 4 7
Questioning 10 21
Free-exploration stage 6 27
Planning 3 5
Goal setting 1 1
Reading information 2 3
Acquiring needed prior knowledge 1 1
Monitoring 6 20
Help-seeking 5 10
Note-taking 2 3
Trial-error 4 5
Evaluating 1 2
Goal assessment 1 1
Tracking progress 1 1
Use of instructional methods 12 61
Collaborative learning 7 10
Inquiry learning 8 18
Learning by doing 7 19
Meaningful learning 9 14
Use of sequencing instruction methods 5 8
Abstract to concrete 2 3
Mental break 2 3
Simple to complex 2 2
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Evaluating

Table 4.4 shows the sub-themes and associated codes regarding the evaluating phase.
Evaluating phase, as the final phase of the instructional design process cycle,
revealed two sub-themes as process and student evaluation which are referring to
summative evaluation (nsc=13, f=93). SCEs stated process evaluation and student
evaluation have been developing their insights regarding the instructional design and
they can adjust the activities and materials based on these insights. For process
evaluation, it was revealed that SCEs observe the target group during implementation
and adapt activities and materials. The observations made by SCEs during the
implementation are divided into two groups as either direct or indirect observations.
While direct observation considers the students’ questions and examples, indirect
observation takes students’ mostly non-verbal responses or reactions into account.
In addition to process evaluation, student evaluation was also made by SCEs for
long-term activities implemented in the science center environment. Under student
evaluation, SCEs track students’ progress and inform parents or teachers for

student’s progress-difference. SCE.14 from SciCen.08 said following excerpt:

“Students’ reactions. Exhibition units or instructional sequence
for that exhibits can show changes according to students’
reactions to that exhibit since there are differences between their
feedbacks and applications that we have provided.” [Q9,
Appendix I]
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Table 4.4 Evaluating sub-theme of Designing Instruction theme under Current
Educational Practices

Number of Frequency of being

Sub-Themes SC told
(n) ()
Process evaluation 14 82
Observing during implementation 11 36
Direct observation 5 9
Indirect observation 11 27
Adjusting activities and materials 13 46
Availability of materials
Level of difficulty 2 2
Level of satisfaction 12 20
Level of understanding 5 14
Security 2 2
Student evaluation 5 11
Tracking student’s progress 4 8
Informing for student’s progress- 3 3
difference
Nsce=20

Enhancing Collaboration

It was revealed that having a substantial funding for expansion facilitates to adapt
educational activities and to have an impact on society. In the scope of adaptation of
educational activities to obtain materials regarding workshops and exhibition units
from either science centers in Turkey or abroad, it was reported that science centers
cooperate with private companies or state institutions. Moreover, by having
substantial funding for expansion to adapt educational activities, science centers
provide financial support for training SCEs by sending them for being exposed to
other national and international science centers. In addition to adapting educational
activities, having an impact on society can be provided by having a substantial
funding for expansion by advertising and doing projects in collaboration with various

institutions.
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Science center educators mentioned that preparing educational activities can be done
within the scope of enhancing collaboration to enhance educational effectiveness.
Preparing educational activities was stated to include both enhancing knowledge
and facilitating access to desired target groups. It was seen that enhancing knowledge
is essential for two reasons, which are having a higher impact on society and
enhancing SCEs’ knowledge. To have a higher influence on society, science centers
prefer to give conferences on specific topics and give training for development for
either teachers, students or public. On the other hand, enhancing SCEs’ knowledge
by collaborating with outsider SCEs, professionals or institutions is seen as an
essential factor for preparing educational activities. In the scope of SCEs’
knowledge, decision-making processes on further implementations, sharing
culturally-adapted knowledge, taking advice on content, taking feedback on
instructions and taking inspirations on enhancing educational activities were stated
as current practices regarding preparing educational activities. In addition to
enhancing knowledge, facilitating access to people with disabilities, students,
voluntary workforce and public people were indicated as being provided by

preparing educational activities in the scope of enhancing collaborations.
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Table 4.5 Enhancing collaborations that enhances the effectiveness of educational

processes according to SCEs

Number of Frequency of being told
Sub-Themes SC 0
(n)

Having substantial funding for expansion 9 30
Adapting educational activities 6 11
Obtaining materials 4 6

Training employees 4
Facilitating to have an impact on society 6 19
Advertising 2 4
Doing projects 6 15
Preparing educational activities 10 45
Enhancing knowledge 7 22
Having a higher impact on society 4 10
Increasing SCEs’ knowledge 5 12
Facilitating access 9 23
To the disabled people 1 1
To the public people 2 2
To the students 8 11
To voluntary workforce 5 9
Setting the ground for science center 6 6

Nsce= 20

Finally, setting the ground for science center was seen as a beneficiary result of

practices in enhancing collaborations by taking advice on grounded information such

as science center employees, exhibition units and their explanation to students

regarding their culture and ages, and the main theme of the science center. SCE10

from SciCen.07 said following excerpt:

“Advisor instructors explain each exhibition unit regarding the

explanation to students such as ‘Students should ask that in that

stage and learn that you need to try these and students should

know these before they leave the science center’.” [Q],

Appendix I]
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4.2  Current Organizational Practices

This issue relieved current organizational practices focusing on organizational
aspects within science centers. Current organizational practices (Nsc=13, Nsce=20,
f=561) held by science center educators to enhance educational effectiveness

emerged four categories as barriers, expectations, needs, and solution attempts.

421 Barriers

Considering problematic factors which are seen as barriers (Nsc=13, nsce=20, f=99)
on enhancing the effectiveness of the science center education processes; four main
themes are revealed under barriers category as (a) lack of administrative support, (b)
lack of long-term reciprocal agreement on an annual plan with schools, (c) lack of
knowledge, and (d) lack of financial budget. Table 4.6. shows themes, sub-themes,

and frequency of being told.
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Table 4.6 Barriers that prevent effectiveness in educational process

Number of  Frequency of being

Themes and Sub-Themes SC told
(n) ®
Lack of administrative support 4 10
Lack of knowledge 6 9
On cultural differences
On maintaining sustainability 3 3
Lack of financial budget 10 31
Lack of structural details in building 5 5
Lack of human resource 7 17
Lack of renovations 5 9
Lack of long-term reciprocal agreement 13 49
Everlasting permission process 2 2
Lack of opportunity to access to students 4 4
Lack of reciprocal agreement with teachers 11 41
Uncontrollable demanding requests 2 2
Nsce=20

Lack of administrative support includes lack of support in decision-making
processes for the professional development of science center employees and the
preparation of infrastructure that can take part in these developmental processes. The
unsustainable management approach is an obstacle towards providing an opportunity
to SCEs for enhancing their collaborations, which may also provide advanced
educational activities to create learning environments based on their observations,
for increasing impact on society of educational activities by mentioning the activities
on social media accounts. SCE.17 from SciCen.11 and SCE.04 from SciCen.04 told

following utterances respectively as barriers for lack of administrative support:

“We cannot say that we are attending conferences. As
administrations change, approaches change as well.” [Q10,

Appendix I]

“We will not have any YouTube channel since the administration

is not permitting this.” [Q11, Appendix I]
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Lack of knowledge was revealed as a barrier that prevents the effectiveness of
educational processes with two sub-themes, which are lack of knowledge on cultural
differences and lack of knowledge on maintaining sustainability. It is seen that the
lack of knowledge on cultural differences is an obstacle for the adaptation of
educational processes, including educational activities, from the first steps of the
instructional design process to the renewal period. During the foundation of science
centers, SCEs were informed about how the educational activities were structured
regarding the local culture in that specific region where the science centers located,
however, the absence of the culturally adapted knowledge for the educational
activities for Turkey context during these pieces of training was noted as the lack of
knowledge on how SCE would adapt the acquired educational activities into Turkish
culture. Subj.09 from SciCen.06 said following utterance as a barrier for lack of

knowledge on cultural differences:

“Newly-established science centers send their staff abroad, but
children in Turkey are not similar to children there. Children
who are visiting a science center in Sweden are not showing

similar behaviors with children who are visiting a science center
in Eskisehir or Elazig. We need to prepare our national training

for science communicators.” [Q12, Appendix I]

Lack of knowledge on maintaining sustainability was also revealed as another issue
for barriers to enhancing educational effectiveness in science centers. It was reported
that science centers do not know about how they will maintain sustainability for
science center visitors. Subj.09 from SciCen.06 told the following utterance as a

barrier for lack of knowledge on maintaining sustainability:

“When someone arrived here, they came for once or twice or
brought their guests for the third visit; however, the question of
why they should come for the fourth time is still searching an

answer.” [Q13, Appendix I]
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The third emerged sub-theme as a barrier to enhancing educational effectiveness in
science centers is shoestring (lack of) financial budget. Shoestring financial budget
was stated as mostly focusing on the contextual factors which prevent enhancing
educational effectiveness such as the inconvenient structure of the building (lack of
structural details in the building) for educational activities, lack of human resource
for maintaining diverse work branches and lack of renovations for providing diverse
educational activities. Shoestring financial budget was stated as a preventing factor
for the renovation of the building, and this results in noise pollution when big student
groups have arrived at the science center. Moreover, lack of human resource was
reported as a barrier which increases the workload of available personnel so that
assessment and evaluation, which are essential in enhancing educational
effectiveness cannot be conducted efficiently. Finally, due to the expensiveness of
exhibition units, it was stated that renovations for diversifying educational activities
are prevented. Subj.19 from SciCen.12 and Subj.09 from SciCen.06 said following
excerpts respectively on the inconvenient structure of the building, lack of human

resource and lack of renovations:

“There exists noise pollution due to intensive people. And, since
the structure of the building is inconvenient, this cannot be

prevented.” [Q14, Appendix 1]

“It is not possible to follow visitors. There may need 100
personnel here for assessment and evaluation.” [Q15, Appendix
1]

“It is difficult to renovate the interior sides of the science
center’s environment. There is no science center in Turkey which
has been renovating its capacity by 50% since it is costly. Of
course, it is a demotivating factor that you have been informing
on the same exhibition units. When exhibition units are replaced,
other educational issues may be renovated as well.” [Q16,

Appendix I]
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Lack of long-term reciprocal agreement with schools on an annual plan emerged as
the last barrier having the highest number of frequency. Lack of long-term reciprocal
agreement also emerged the barriers as everlasting permission processes, lack of
opportunity to access to students, lack of reciprocal agreement with teachers, and
uncontrollable demanding requests. Beside everlasting permission processes as the
lack of collaboration with schools caused a barrier, unexpected activity requests
might not be satisfied due to the unavailability of the permission. SCE.09 from
SciCen.06 and SCE.O1 from SciCen.01 said following excerpts on everlasting

permission processes respectively:

“Formal procedures may take more time. For instance, an
important person has come to Turkey, and sudden activity is
organized. We need to invite a school to bring students with them
(important visitors). However, we have difficulty in taking

permission in a short time.” [Q17, Appendix I]

“We have no long-term agreement with them (schools). We have
been establishing project-based collaborations; however, we

have no long-term collaboration based on an annual plan.’

[Q18, Appendix I]

In addition to everlasting permission processes, the lack of reciprocal agreement with
teachers was seen as a barrier that might result in getting involved in the educational
processes by interfering with them. Furthermore, this barrier was seen to cause that
teachers cannot take an active role before, during and after the science center visit.
Many SCEs stated teachers’ passive role and reluctant attitude towards having an
active role without interfering with the educational processes during science center
visit. This passive role was stated as having negative aspects affecting both students
and science center visit sides. SCE09 from SciCen.06 and SCE15 from SciCen.09

said following utterances respectively:
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“Sometimes, when we asked students, teachers also respond, and

we do not want this.” [Q19, Appendix I]

“Most of the visiting teachers go to cafeterias after they brought
the students into the exhibition areas.” [Q20, Appendix I]

Moreover, since there is a lack of reciprocal agreement with teachers, during the
school visits, the effective timing allocation of the science center visit duration might
not be provided. Also, logistics issues due to visit duration in the science center and
distance to the science center have emerged as a barrier caused by the lack of
reciprocal agreement with teachers. Due to the distance between school and science
centers, school busses are set for transferring the students to science centers.
However, as the distance increases, the visit duration in the science center decreases
during the school hours so that this was noted as a barrier that prevents the effective
involvement of students and teachers into the educational processes. Due to the
limited visit duration, students are quickly informed about the exhibition units, and
after this stage, they are expected to self-explore the science center environment. and

SCE.15 from SciCen.09 said following utterance:

“Visiting school groups are coming with school buses from a
distance so that they do not stay too long. They want to go. If
there are groups who have time, we are conducting pre-prepared

extra workshops for them.” [Q21, Appendix I]

Due to a lack of long-term reciprocal agreement with schools on an annual plan, it
was stated that science centers find a lack of opportunity to access to the students.

SCE.10 from SciCen.07 said following excerpt:

“Few teachers from the ministry of national education were a
volunteer for giving advice; however, we could not receive
support. We needed to struggle with all the things so that |
hesitated about the willingness of national education in the

science center. Although we signed a protocol with national
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education, requested for at least ten thousand students as a
visiting group, ensured the transportation as a free of charge,
and took the responsibility of each child, we could not bring the
students here.” [Q22, Appendix I]

Uncontrollable demanding requests were also featured as a barrier under lack of
long-term reciprocal agreement with schools on an annual plan was stated as causing
that group sizes to get bigger when satisfying the requests or there exists
unavailability in time-slots for school visits. Furthermore, these were mentioned as
resulting in limited interaction between students and teachers. Subj.19 from

SciCen.12 said following excerpt:

“Interactive time-slot is a time that students can select exhibition
units to explore them actively. However, this is not possible for a
long time due to the demanding requests of the school groups to

the end of the semester, and it is difficult to implement this.’
[Q23, Appendix ]

4.2.2 Expectations

Expectations (nsc=12, nsce=20, f=64) revealed two main themes as (a) enhancing
collaboration and (b) transforming students’ attitudes (see Table 4.7). Enhancing
collaboration was revealed as SCEs’ expectation, including establishing science
center dynamics and involving teachers within educational processes. Establishing
science center dynamics was revealed as the core expectations with building an
effective team-work environment, maintaining sustainability, and producing national
materials. Moreover, involving teachers within educational processes were also
stated as a sub-theme of enhancing collaboration and declared the SCEs’
expectations from school teachers. Teacher’s initiation for organizing science center
visits, teacher’s interaction with students during visits and teacher’s participation in

science center activities were also stated under the expectations from the teacher’s
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involvement. Transforming students’ attitudes were also stated as expectations of
SCEs from students, and these expectations included arousing interest in science,
endearing science and encouraging students to improve their inquiry skills. SCE.19

and SCE.18 from SciCen.12 said following excerpts respectively:

“Interactive time-duration is a period in which we want to have
interaction between students and their teachers.” [Q24,

Appendix ]

“Many families say ‘my child is having breakfast as s/he is
listening to the radio that s/he made’. This is the message that we
want to give in workshops. We are trying to enter into the houses.
As well as the student feels “I could do.” and shows it to mother,

father, or friend since it is a reflexive attitude. If s/he has

questions related to it on the mind, be curious about it and

continue discovering.” [Q25, Appendix I]
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Table 4.7 Expectations from others that enhances the effectiveness of educational
proesses

Number of  Frequency of being

Themes and Sub-Themes SC told
(n) )
Enhancing collaboration 11 36

Establishing science center dynamics
Building effective team-work environment 2 2

Maintaining sustainability

Producing national materials 3 3
Involving teachers within educational processes 10 28
Initiation for organizing SC visits 7 12
Interaction with students during visits 6 8
Participation in SC activities 5 8
Transforming students’ attitudes 11 28
Arousing interest 4 7
Endearing science 6 12
Inquiry skills 6 9

Nsce=20

423 Needs

Needs (Nsc=12, Nsce=20, Nfrequency=38) as a category has emerged with four main
themes, which are (a) expanding human resource, (b) expanding educational space,
(c) expanding collaboration, and (d) improving evidence-based educational

processes. Table 4.8 shows themes and sub-themes with their frequencies.

Expanding human resource was mentioned as a need which is expected to lead
positive benefits for science center functionality. By expanding the human resources,
the workload can be distributed among science center employees so that SCEs can
allocate more time and energy to educational activities. Hence, it can be said that
expanding human resources may also constitute the basis of factors that improve the

effectiveness of educational processes.
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Expanding educational space was stated as a need, including four sub-themes as
building a wet-ground laboratory, building virtual platforms, forming subject-
specified stations, and national materials. Building a wet-ground laboratory is stated
as an essential educational space for SCEs since it provides the necessary
environment to learn the concepts which cannot be covered by exhibition units while
learning the science concepts. Moreover, based on SCEs’ perceptions, lack of
equipment related to the laboratory hands-on activities results that students can be
missed out on the connected lesson objectives. To fill this gap, it was stated that
science centers need wet-ground laboratories. Subj.10 from SciCen.07 said

following excerpt:

“The most important educational space is laboratories since
students starve for those. When we conduct experiments, they
surprise and like them. Students have laboratories in their
schools; however, they are not in use. For example, when we
needed equipment such as a magnet for an experiment, the
school could not find even the key to the laboratory.” [Q26,

Appendix I]
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Table 4.8 Needs that enhances the effectiveness of educational processes

Number of SC Freguency of
Themes and Sub-Themes being told
(n)
(f)
Expanding human resource 5 9
Expanding educational space 5 10
Building a wet ground laboratory 1 3
Building virtual platforms 1 4
Forming subject-specified stations 1 1
National materials 2 2
Extending collaboration 7 9
Adjusting activities 2 2
Accessing to the target group 2 2
Gaining benefits on facilities 2 2
Increasing impact on society 2 3
Grounding evidence-based educational activities 7 10
Recording educational processes 1 3
Testing the effectiveness of educational activities 3 4
Understanding students’ attitudes and behaviors 2

Nsce=20

Forming subject-based stations were also stated as a need for expanding educational
space. SCEs said that these kinds of stations are needed to eliminate the cognitive
load of students by hiding the exhibition units which are not related to the lesson
objectives and diversify the sequence of instruction. Subj.11 from SciCen.07 said

following excerpt:

“We may show different exhibition units in parts so that students
have a perception like ‘There are different experiments!’.” [Q27,

Appendix I]

Extending collaboration was represented as a need for adjusting educational
activities, access to the target group, gaining benefits on collaborators’ facilities and
increasing impact on society. SCEs said that for increasing impact on society, science
centers need to collaborate with institutions such as non-governmental organizations,

universities, schools, and private companies. Distribution of the collaborated
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institutions was indicated as providing many more benefits to science centers for

different areas. SCE.09 from SciCen.06 said following excerpt:

“Universities are not adequate for science centers since they are
unable to go beyond the academic perspective. We are doing
something here with people and children. Therefore, we are

working with non-governmental organizations such as the search
and rescue team, the red crescent in Turkey, schools, private

institutions, and private companies.” [Q28, Appendix I]

In addition to increasing impact on society, by extending collaboration, accessing to
students can be provided. SCEs overemphasized bounding partnerships with teachers
who were stated as key characters of accessing to students are needed. SCE.09 from

SciCen.06 said following excerpt:

“Our purpose is here to access to students, and we need to
access to teachers for the first step. If we cannot gain teachers,

we cannot bring students here.” [Q29, Appendix I]

Gaining benefits on collaborators’ facilities was also explained as an essential need
under extending the collaboration theme. Thus, the science center can reach
equipment which is not existed in the science center environment. SCE.04 from

SciCen.04 said following excerpt:

“We brought students to faculty of pharmacy and faculty of
medicine. We are getting help from there. For instance, we need
cell culture, but we do not have it. We brought students to there.

For instance, we do not have an operation device; we brought
students there.” [Q30, Appendix I]

Grounding educational activities were also connotated as a need by SCEs to
emphasize the need for preparing educational activities regarding evidence-based
researches. Grounding educational activities revealed three sub-themes as recording

educational processes, testing the effectiveness of educational activities, and
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understanding students’ attitudes and behaviors. Continuing students who are
involved in educational activities in the science center are needed to be followed by
recording the educational progress of the students while they are producing so that it
was stated as a facilitator for tracking that specific educational process. Subj.04 from

SciCen.04 said following excerpt:

“We want videos that can project whole educational processes.
After the project finished and we produced, a video will show us
that specific students got through those educational processes. ”

[Q31, Appendix I]

Testing the effectiveness of educational activities was also highlighted as a need for
grounding educational processes. Scientific studies conducted on educational
processes can form the basis of the subsequent educational programs during
designing instruction and trying to maintain sustainability. SCE.17 from SciCen.11

said following excerpt:

“We tried to apply and think that we get efficiency. But, we do
not have any scientific research for this.” [Q32, Appendix ]

4.2.4 Solution Attempts

Solution attempts (nsc=13, nsce=20, fy=102) which were applied by SCEs for
enhancing educational effectiveness in science centers revealed five main themes as
(a) compensating infrastructural limitations, (b) evaluating implemented activities,
(c) extending collaboration, (d) having an impact on society and (e) maintaining

sustainability. Table 4.9 shows themes and sub-themes with their frequencies.

Attempted solutions for compensating infrastructural limitations were pointed out
as arranging educational space and limiting group-size. By limiting group-size,
science centers separate the visiting school groups based on their ages to use

educational space efficiently. In other words, in parallel with the educational space
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width, groups are separated based on their ages so that SCEs are trying to provide

efficiency during the visit by limiting group sizes.

“We are trying not to accept kindergarten students with
elementary school groups at the same time. They all have
different days to visit since kindergarten students are unguarded;

they may occur problems.” [Q33, Appendix I]

“We can take 20 students for one group since it is not convenient

when it is more than 20 students.” [Q34, Appendix I]

Table 4.9 Solution attempts to barriers that strengthen the effectiveness of
educational processes

Number Frequency of being

Themes and Sub-Themes of SC told
(n) (f)
Compensating infrastructural limitations 3 7
Arranging educational space
Limiting group-size 2 4
Extending collaboration 12 42
Establishing strong relationships with key agent 4 8
Expanding human resource 4
Gaining benefits on facilities 2 2
Integrating teachers in educational processes 8 17
Satisfying demanding requests 6 10
Maintaining sustainability 9 21
Preparing workshops 4 5
Renewing demonstrations 3 3
Student-membership program 3 8
Training employees for interchangeable roles 4 5
Having an impact on society 13 21
Using social media for sharing activity news 13 17
Using the website for informing about exhibition units 4 4
Evaluating implemented activities 3 11

Nsce=20
In addition to limiting group-size, arranging educational space was stated as a

solution attempt of science centers. Even though science centers have shoestring
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financial budget, with established collaborations and provided supports, additional
building and mobile spaces were stated as constituted. SCE.18 from SciCen.12,
SCE.19 from SciCen.12 and SCE.10 from SciCen.07 said following excerpts

respectively:

“There are different plans for the new building. A building will
arise to the backside and we will have a more organized

educational program there.” [Q35, Appendix I]

“We had difficulties at earlier times. Each child within a group
having 30 students wants to be at the forefront and wants to see
before others. We solved this problem. We prepared stickers on
the ground and we are warning students as ‘Now, we are out of
the circle.’ They are standing out of it and they can all observe

without losing communication.” [Q36, Appendix I]

“We have plans to bring a temporary exhibition here. We are
currently exchanging correspondence with the institutions. After
the temporary exhibition, if we structured laboratory to there and
widen the science center, we will remove the 60-student
obstacle.” [Q37, Appendix I]

Moreover, extending collaboration was also indicated as a solution attempt to
remove the obstacles in front of enhancing educational effectiveness in science
centers. By extending collaboration, it was revealed that science centers establish
strong relationships with key agents, expanding human resources, gaining benefits
on facilities, integrating teachers in educational processes and satisfying demanding
requests. To satisfy the science center visit requests of school groups, it was stated
that science centers could limit the science center visit count and prepare additional

activities. SCE.10 from SciCen.07 said following excerpts:

“Classroom teacher takes the appointment for science center

visit. We are taking especially their names and telephone
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numbers, and we are following this. If an appointment would be
canceled, we want to replace it with another demanding group.”
[Q38, Appendix I]

“We are drawing the line for the appointments and trying not to

give more than two or three appointments.” [Q39, Appendix I]

Under extending collaboration theme, integrating teachers in educational processes
was revealed as a sub-theme which means that SCEs provide informative documents
to teachers before the visit and make them participate in the workshop when the time
is available for them during the visit. SCE.19 from SciCen.12 and SCE.15 from

SciCen.09 said following excerpts respectively:

“We wanted to conduct a study on the integration of teachers.
Last year, we sent a document including related exhibition units
and questions to teachers before they visited science center as a

school group.” [Q40, Appendix I]

“We will involve teachers in science center visits for more
efficiency. For instance, while we are conducting workshops, we
are taking teachers in and asked for help during the workshop.

They are helping us and doing with us.” [Q41, Appendix I]

Finally, SCEs reported establishing strong relationships with key agents so that they
are trying to remove the barrier, which was stated as everlasting permission

processes. SCE.09 from SciCen.06 said following excerpt:

“Formal protocols take many more times sometimes; for
instance, a sudden visitor has come to the city or come to Turkey.
We need to invite a school since we need to meet the students
with the guests. Government correspondence takes forever and it
is difficult to take permission for us. It is easier to get permission
for teachers so that we are calling teachers whom we are

working together. That teacher can get permission in a short time
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and bring students to activity. Since we are out of these
processes, it takes approximately 15 days for us to get permission

and reciprocal relationship is important.” [Q42, Appendix ]

Establishing strong relationships with key agents who were stated as a provincial
directory of national education and teachers was reported as providing benefits on
science centers’ procedural and functional regulations, such as arranging group sizes

or visiting school groups. SCE.15 from SciCen.09 said following excerpt:

“This system took time to get back on the rails. When the science
center was first opened, we suffered a lot regarding
appointments. There were problems in school group visits since
they might come when they approved or the group size might get
bigger than the agreement. It was difficult to see 300 people at
the same time since you had inadequate personnel numbers. But,
it has been getting back on the rails by working with provincial,

national education.” [Q43, Appendix 1]

Having an impact on society has emerged as another main theme. To provide this
dissemination effect, science centers use social media for announcing new activities
and sharing information regarding exhibition units through their websites. SCE.15

from SciCen.09 said following excerpt:

“We are conducting workshops, for instance, we have an
exhibition unit named “Our Universe” including all planets in
the solar system. However, we don’t know whether the student
connects this with her daily life or not. For this reason, we are

making students do sundial in the workshop and both she is
learning sun movements in the workshop, and she saw sun
movement and moon and earth rotation around the sun in

exhibition unit hall so that student makes sense of the concepts.

[Q44, Appendix I]
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4.3  Results for Study I1: Multiple Case Study

This multiple case study had the central phenomenon as ‘“science centers as
metacognitive concepts”. This phenomenon assures the main research question as
“How should be the instructional design for different science lesson units regarding
metacognitive processes?”. And, the main issue focused on the following research

questions:

2. What are the indicators of implicit metacognitive actions of SCEs through
the guidance phase interacting with students through the guidance phase?

a. Is there any change in scientific conceptual understanding levels for
selected concepts of students in alignment with SCEs’ implicit
metacognitive actions?

i. Baseline question for 2a. What are the students’ experience
of science center visit during their science lesson hours?
3. What are the indicators of shared metacognition during peers’ collaborative
works?
4. What are the indicators of students’ metacognition within science center

environments?

Data analysis of each phase, including guidance, and collaboration (since video
edition phase was extracted, the findings of that phase was not included) was

contended within the following titles.

43.1 Guidance Phase

Reminder: The guidance phase is the first phase of the multiple case study. It refers
to the guidance of seventh-grade students by SCEs on pre-defined events of
instruction focusing on the target concepts. Students were brought to the science
center within their class hours via school bus and their science teachers accompany
with them. They took guidance from one of the SCEs for approximately 30 minutes

and then freely explored the exhibition units. Then, students were given both a
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science diary and a conceptual diagnostic paper to reflect their experiences and fill

the questions to relate the concepts to the guided exhibition units.

Seven guidance sessions occurred in the guidance phase within three cases. They are
the lesson units, which are “Work and Energy”, “Mirrors and Light Absorption”, and
“Solar System and Beyond”. Table 4.10 shows associated science center educator’s
characteristics regarding the guidance video data. Firstly, “work and energy unit”
divided into two weeks due to its demanding lesson objectives. Two classes
participated in the guidance phase with the same science teacher from the same
school. Thus, the guidance phase occurred four times. Second, for “mirrors and light
absorption unit”, two classes from two different schools with their science teachers
participated in the guidance phase so that two guided tours occurred for this unit.
Finally, for “solar system and beyond unit”, one guided tour occurred targeting one
class and the science teacher of that class. However, due to technical problems, the
guidance video for the solar system and beyond lesson unit was not accessible.
Therefore, this analysis, including the guidance phase focusing on implicit
metacognitive actions, includes a total of six videos for both work and energy and

mirror and light absorption units.

Table 4.10 SCE’s characteristics and associated video data

Video SCE Ag Science Science )
Gender Lesson Unit
# # e Center Teacher
Feza Giirsey
1 1 Female 28 sc ST1 Work and Energy (Force and Pressure)
Feza Glirse Work and Energy (Energy and Ener
2 1 Female 28 Y ST1 e ( -gy v
SC Transformation)
Feza Giirsey
3 2 Female 29 sc ST1 Work and Energy (Force and Pressure)
Feza Glirse Work and Energy (Energy and Ener
4 2 Female 29 Y ST1 e ( _gy v
SC Transformation)
5 3 Male 28 Kocaeli SC ST2 Mirrors and Light Absorption
6 3 Male 28 Kocaeli SC ST3 Mirrors and Light Absorption
7 4 Female 27 Kocaeli SC ST4 Solar System and Beyond
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The indicators of implicit metacognitive actions of SCEs interacting with

students through the guidance phase (RQ2)

The coding of the video data of this guidance phase investigated the indicators of
implicit metacognitive regulatory actions of SCEs. The results revealed four
categories: orientating, planning, monitoring, and evaluating. Six SCEs’ video data
built these categories during separate guidance phases. Table 4.11 shows the themes
and sub-themes, including the frequencies of being uttered by SCEs to imply their

metacognitive regulatory actions during guidance.
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Table 4.11 SCEs’ implicit metacognitive regulatory actions during guidance

Number of  Frequency of

Sub-Themes guidance being uttered

(n) ()

Orientating 6 248
Content Orientation (CO) 6 72
Activating prior knowledge (APK) 6 47
Hypothesizing (H) 6 25

Guide Orientation (GO) 6 78
Providing turn-taking (PTT) 6 32

Relocating (RL) 6 46

Task Analysis (TA) 6 98
Establishing task demands (ETD) 6 21

Informing task subjects and constitution (ITSC) 6 50

Structuring task instruction (STI) 6 27

Planning 6 66
Considering alternatives for conceptual understanding (CACU) 6 13
Developing an action plan (DAP) 6 53

Monitoring 6 387
Monitoring of strategy use (MSU) 6 60
Component structuring (CS) 6 6

Repeating question (RQ) 6 34

Selective attention (SA) 6 20

Monitoring of progress (MP) 6 47

Comprehension monitoring (CM) 6 233
Noticing a lack of comprehension (NLC) 6 64

Claiming (Partial) understanding (CU) 6 118
Demonstrating comprehension by repeating (DCP) 6 5
Demonstrating comprehension by elaborating (DCE) 6 46

Evaluating 6 230

Checking (CH) 6 200
Reflecting (RF) 6 30

Orientating: This category refers to the orientation of students to the guidance
session for setting the ground to understand the selected concepts. SCEs’ utterances

targeting orientation of the students had 248 frequencies. Six video data revealed
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three themes as content orientation (f=72), guide orientation (f=78), and task analysis

(=98).

For content orientation, SCEs activate prior knowledge by conceptual relations,
daily life examples, and exhibition unit components / physical similarities. In
addition to activating prior knowledge, they make students hypothesize by asking
questions regarding conceptual relations, daily life examples, and exhibition unit
components / physical similarities. It seems that out of 72 utterances, while 47
statements targeted to activate the prior knowledge, 25 remarks focused on making
students hypothesize regarding the investigated phenomenon. The numeric distance
between APK and H might mean that SCEs mostly keen on activating prior
knowledge rather than making students hypothesize about the selected scientific

concept.

SCEL1 uttered the following sentence during the force and pressure week of work and
energy case. The sentence is an example of activating prior knowledge (by exhibition
unit components / physical similarities), and the contended exhibition unit was “Sand

Pendulum”:

“Is there anybody who knows what pendulum is? What is a
pendulum? Do you see it hanging from top to bottom? We have a
mass below. One end is tied, and one end is free and swings.
Have you noticed?” [Q45, Appendix I]

Guide orientation is another metacognitive regulatory action under the orientating
category. Under the guide orientation theme, in each transition to exhibition units
within the instructional sequence, SCEs relocate students by directing them to
relocations, providing help on establishing the point of view, and informing on the
identification of expectations from students for the use of learning strategy.
Similarly, after the transition period, during the conversation, SCEs provide turn-
taking for students by encouraging other’s contribution to the talks. The results
showed that out of 78 utterances for guide orientation, SCEs used 32 declarations to

provide turn-taking and 46 statements to relocate the students.
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SCEI1 said the following excerpt during the guidance phase of Force and Pressure
week for the “Hot Air Balloon” exhibition unit to provide turn-taking (by

encouraging other’s contribution):

“Is there anyone else who can give me an example? ” [Q46,

Appendix I]

Task analysis is the final metacognitive regulatory action under the orientating
category. In each transition to exhibition units within the instructional sequence,
SCEs implicitly refer to task analysis by establishing task demands, informing
students about task subjects and constitution, and structuring task instruction. First
of all, SCEs set task demands for students by stating and restating task instructions.
Second, SCEs inform students about the task subjects and constitution by saying the
general name of the exhibition unit, by stating subcomponents will be used during
the talk and by saying daily life examples. Finally, SCEs structure task instruction
by mentioning critical concepts at the beginning of the conversation, pointing to

crucial components, and schematizing the task by hand.

SCE1 said the following utterance during the energy transformation week of the
work and energy case to inform students about the task subjects and constitution (by
stating the general name of the exhibition unit) for the exhibition unit “Measure Y our

Power”.

“See what we're going to do here. We have a bike here, too. The
name of this exhibition unit is Measure Your Power.” [Q47,

Appendix I]

Table 4.12 shows the number of frequencies assigned to each week and SCE. The
results showed that SCE2, for both force and pressure, and energy transformation
weeks, had higher frequencies for content orientation; whereas, SCE1 had higher
frequencies for providing turn-taking among students compared to SCE2. On the

other hand, they had similar frequencies for task analysis processes. Moreover, the
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results showed that mirrors and light absorption revealed higher rates for relocating

and establishing task demands compared to force and pressure.

Table 4.12 SCEs’ implicit metacognitive regulatory actions during the guidance per
lesson unit: Orientating

Orientating
APK H PTT RL ETD ITSC STI
Fp SCEl1 4 2 7 2 3 11 2
SCE2 17 12 4 5 1 11 3
ET SCEl1 3 1 12 2 1 7 2
SCE2 9 5 2 4 1 5 2
MLA  SCE3 11 5 12 28 13 14 3

CO: Content Orientation, GO: Guide Orientation, TA: Task Analysis, APK: Activating Prior
Knowledge, H: Hypothesizing, PTT: Providing Turn-Taking, RL: Relocating, ETD: Establishing
Task Demands

Although subject-based frequencies told about the differences among orientating
themes and SCEs, the differences in the number of frequencies based on individual
exhibition units might give an insight on the effect of physical characteristics and
associated concepts on triggering metacognitive regulatory processes. Table 4.13
shows the number of frequencies of SCEs’ implicit orientating actions during the
guidance per exhibition unit. The results illustrated that both SCE1 and SCE2 had

higher frequencies for the Hot Air Balloon exhibition unit.
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Table 4.13 SCEs’ implicit metacognitive regulatory actions during the guidance per
exhibition unit: Orientating

Orientating

SCE Exhibition unit CcoO GO TA

APK H PTT RL ETD ITSC STI

SCE1
Sand Pendulum 0 1 0 0 0 2 1
Air Bubble Race 0 0 0 0 1 3 0
Hot Air Balloon 3 1 1 0 1 1 0
Bernoulli’s Ball 0 0 0 1 1 2 0
3d Sand Pool 0 0 1 0 0 1 1
Press Test 0 0 2 1 0 1 0
SCE2
Sand Pendulum 3 0 0 0 0 3 1
Air Bubble Race 2 3 0 1 0 3 1
Hot Air Balloon 6 3 1 1 0 1 0
Bernoulli’s Ball 0 3 0 1 0 3 0
3d Sand Pool 6 1 3 1 0 1 0
Press Test 0 1 0 1 0 1 1
SCE1
3d Sand Pool 0 0 0 0 0 0 0
Guess Who Wins 3 1 6 2 1 3 0
Pedal Force 1 0 5 0 0 2 2
Measure Your Power 0 0 4 0 0 1 0
SCE2
3d Sand Pool 1 2 0 2 1 0 0
Guess Who Wins 4 2 2 0 0 2 2
Pedal Force 4 0 0 0 1 2 0
Measure Your Power 0 0 0 2 0 0 0
SCE3
Color Shadow 7 1 0 7 1 5 2
Countless Color 2 0 0 0 1 1 0
Color Removal 2 1 1 3 4 2 0
Touch the Spring 0 0 7 11 1 2 0
Infinite Views 0 1 0 5 2 1 0
Monochrome Room 0 2 4 2 4 3 1
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Figure 4.1 shows the overall results for the orientating process. The results showed
that activating prior knowledge under content orientation and relocating under guide

orientation had higher frequencies during the guidance.

Content
orientation APK
46
o 18| Content
Task anal P12 I orientation H
Task analysis Guide orientation
ITSG 10 p1T
17
Task analysis Guide orientation
ETD [7 36 RL

Figure 4.1 Overall results of orientating

APK: Activating prior knowledge, H: Hypothesizing, PTT: Providing turn-taking,
RL: Relocating, ETD: Establishing task demands, ITSC: Informing task subjects

and constitution, STI: Structuring task instruction

In order to be specific within the orientating process, actions associated with the
content orientation, the guide orientation, and task analysis were extracted. Figure
4.2 shows the specific orientating actions of SCEs. The results illustrated that SCEs

frequently refer to activate prior knowledge by conceptual relations.
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Figure 4.2 SCEs’ specific orientating actions

(a) Planning: This category refers to the metacognitive activities related to the
thinking process to achieve the learning objectives via relevant concepts.
During the planning, SCEs consider alternatives for conceptual
understanding by changing the strategy by reversing argument and
identifying restrictions for conceptual understanding. SCE1 said the
following excerpt during the guidance of energy transformation week for the
“Guess Who Wins” exhibition unit. It was an example of considering
alternatives for conceptual understanding (by changing the strategy by

reversing argument).

“Well, let’s switch them and start again.” [Q48, Appendix I]

Developing an action plan is another theme under the planning category.
After relocation, before SCE and students engage in the conceptual
understanding, conceptual subgoaling, contextual subgoaling, keeping on

observing exhibition unit for clarity later on, looking for key changes
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during exhibition unit works, organizing thought by questioning, and
preparing exhibition unit context are implicit metacognitive regulatory
actions hold while developing an action plan. SCE1 said the following
excerpt during the guidance of the exhibition unit “Air Bubble Race” in
force and pressure week. It was an example of developing an action plan

(conceptual subgoaling).

“Now there is a pressure applied to our air bubble. Now, what
do we do with the air bubble? We're applying a force here,
applying an air bubble here, aren't we? How it will move in that
dense matter of density. How will it move within a less dense
substance? Shall we try? OK.” [Q49, Appendix I]

Similarly, SCE3 said the following excerpt during the guidance of the
exhibition unit “Infinite Views” in mirrors and light absorption week. It was
an example of developing an action plan (keeping on observing the

exhibition unit for clarity later on).

“One on the right and one on the left, if you think this image will
appear in both, what will appear in both images this time to be
reflected against the mirrors? As the initial images are always
reflected in the opposite mirrors, the images of the images will
continue to be like this, and the images will continue to reflect

each other, creating an infinite image towards infinity, there will

be a flow of shrinking images. It requires two simple mirrors. An
object must enter between the two mirrors. Here we have two

mirrors now. This one. There is a mirror here, the back of it is a

mirror, and there is a mirror in front of it. Two mirrors mutually

passed. Look now through the holes here and discover this
infinite image.” [Q49, Appendix I]

Figure 4.3. shows the number of frequencies for SCEs’ implicit planning

activities. The results showed that SCEs refer to developing an action plan
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more frequently compared to considering alternatives for conceptual

understanding during the planning.

Developing action plan |

Considering alternatives for
conceptual understanding

Figure 4.3 SCEs’ implicit planning activities per the theme

Table 4.14 shows the number of frequencies for SCEs’ implicit metacognitive
planning actions during the guidance per exhibition units. The results showed that
SCEs rarely refer to planning actions. It shows that while developing an action

plan, for Hot Air Balloon, both SCE1 and SCE2 refer to looking for key changes.
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Table 4.14 SCEs’ implicit metacognitive regulatory actions during the guidance per
exhibition unit: Planning

o Planning
Exhibition
SCE _ CACU DAP
unit
BR CSR IRC CPS CXS KO LKC OT PC
SCE1
Sand Pendulum 0 0 2 1 0 0 0 1 0
Air Bubble
0 0 0 1 0 0 0 0 0
Race
Hot Air
0 1 0 0 0 1 1 0 0
Balloon
Bernoulli’s Ball 1 0 0 0 0 0 0 0 0
3d Sand Pool 0 0 0 0 0 0 0 1 1
Press Test 0 0 2 1 0 1 0 0 0
SCE2
Sand Pendulum 0 0 0 1 0 0 0 0 1
Air Bubble
Race 0 0 0 1 0 0 0 0 0
Hot Air
Balloon 0 0 0 1 0 0 2 0 0
Bernoulli’s Ball 0 | 0 1 0 0 0 1 0
Press Test 0 0 0 1 0 1 0 1 0
SCE1
3d Sand Pool 0 1 0 0 0 0 0 0 0
Guess Who
0 1 0 0 0 0 0 0 0
Wins
Pedal Force 0 3 0 5 0 0 0 1 0
Measure Your
0 0 0 0 0 0 1 0 0

Power
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Table 4.15 (Continue) SCEs’ implicit metacognitive regulatory actions during
the guidance per exhibition unit: Planning

o Planning
Exhibition
SCE _ CACU DAP
unit
BR CSR IRC CPS CXS KO LKC OT PC
SCE2
3d Sand Pool 0 0 0 1 0 0 0 1 0
Guess Who
) 0 0 0 0 0 0 0 2 0
Wins
Pedal Force 0 0 0 1 0 0 0 1 0
Measure Your
0 0 0 1 0 0 0 0 0
Power
SCE3
Color Shadow 1 1 0 0 0 0 0 0 0
Countless
0 0 0 1 0 0 0 0 0
Color
Color Removal 0 0 0 0 0 0 0 0 0
Touch the
0 0 0 2 0 0 0 0 0
Spring
Infinite Views 0 0 0 1 0 1 0 0 0
Monochrome
0 0 0 0 0 0 0 0 0
Room

CACU: Considering alternatives for conceptual understanding, BR: Backward reasoning, CSR:
Changing of strategy by reversing argument, IRC: Identifying restrinctions for conceptual
understading, DAP: Developing action plan, CPS: Conceptual subgoaling, CXS: Contextual
subgoaling, KO: Keeping on observing exhibition units for clarity, LKC: Looking for key changes

during observations, OT: Organizing thought by questioning, PC: Preparing exhibition unit context

Figure 4.4 shows SCEs’ implicit planning activities per sub-themes. It seems that

SCEs frequently refer to conceptual sub-goaling while developing an action plan.
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Figure 4.4 SCEs’ implicit planning actions

(b) Monitoring: This category refers to the instant and long-term tracking of
one’s strategy use, progress, and comprehension. SCEs’ implicit
metacognitive activity of monitoring revealed three main themes as
monitoring of strategy use, monitoring of progress and comprehension
monitoring. First of all, monitoring of strategy use includes component
structuring, repeating the question, and selective attention for the targeted
concepts. Component structuring revealed two codes as emphasizing
important information and pointing key components by fingers. On the other
hand, repeating questions revealed three codes related to one’s
comprehension as repeating questions after confusion, in case of
comprehension failure and in case no response. Selective attention as the final
theme of monitoring of strategy use revealed two codes as focusing on
specific exhibition unit components and overlooking exhibition unit for

conceptual understanding.
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SCEI1 uttered the following excerpt during the guidance of the exhibition unit “Air
Bubble Race” in force and pressure week. It was an example of component
structuring (emphasizing important information). After SCEI and students observe
the bubbles within the liquid tubes, she asked students to emphasize the vital
information, which was the speed of the air bubble in each liquid so that she found
the baseline of the conceptual understanding by highlighting one of the essential

components.

SCE1: You see the speed, right? [Q50, Appendix I]

As a second example, SCE3 uttered the following excerpt during the guidance of
exhibition unit “Colorful Shadows” in the mirrors and light absorption week. It was
an example of repeating questions in case comprehension failure. It seems that SCE3
used monitoring of their strategy use. SCE3 repeatedly asked the question to reach

the answer for the constituting components of the yellow light.

SCE3: Main colors, but what colors?

Student: All in white light.

SCE3: All in white light, but where is yellow?
Student: It will be yellow when any light arrives.

SCE3: Will it be yellow when any light comes on? Is there any
light coming in I'm going there? The shadow of the aircraft is

also yellow. Where is the yellow light? [Q51, Appendix I]
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Table 4.16 The number of SCEs’ implicit monitoring actions during the guidance

Monitoring
Week SCE CM MP MSU
CU DCE DCR NLC ED ND NOC P CS RQ SA

FP SCE1 17 1 0 4 1 2 0 0 0 1 1

SCE2 30 23 4 17 8 2 0 0 6 3 1
ET SCE1 8 3 0 5 2 0 0 0 0 5 3

SCE2 16 4 1 12 3 0 1 0 0 5 3
MLA SCE3 40 18 0 27 7 5 0 0 0 17 10

As a third example, SCE2 uttered the following excerpt during the guidance of the
exhibition unit “Sand Pendulum” in force and pressure week. It was an example of
selective attention (focusing on the exhibition unit). SCE2 informed students by
making them focus on the specific physical shape of the exhibition unit so that she

structures the component before the conceptual understanding occurs.

SCEZ2: It would go between the two points; wouldn't it could
come between two locations? But there is no straight rope here.
There's a long rope in the V-shape. Look, one of them wants to

pull this way. [Q52, Appendix I]

Monitoring of progress is another central theme, including error detection (plus
correction), noticing differences, noticing other’s correct answers and pausing. SCE3
uttered the following excerpt during the guidance of the exhibition unit “Touch the
Spring” in mirrors and light absorption week. It was an example of error detection
(plus correction). SCE3 asks a daily life example for concave mirrors and one of the
students answers “At the teapot” which is an example for the convex mirror;
however, another student detects the incorrect answer and answers as “Spoon,
spoon”. This was detection of errors among students to correct them. Although it
was not accounted for an implicit metacognitive action of science center educator
since he facilitated the discussion, it was a critical point to found a shared

understanding among the participants.
SCE3: Where?
Student: At the teapot.

(Other) Student: Spoon, spoon. [Q53, Appendix I]
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Similarly, the following excerpt is also showing an example of error detection (plus
correction). It was an example used for concluding on the talk under claiming
understanding. When the student begins to elaborate on SCE2’s question by
concluding her previous talk, the student begins to answer by using the incorrect
answer. However, at the same time, the student pauses and shows confusion, and
SCE2 also supports this detected error and corrects the used concept and the student

continues elaborating by using that correct concept.
Student: When we squeeze, stagnant air, well...
ST1: No (click one’s tongue). Moving air.

SCE2: Moving air going on. When we squeeze because there
is still air in the same way going out. [Q54, Appendix I]

As another example, SCE3 uttered the following excerpt during the guidance of the
exhibition unit “Touch the Spring” in mirrors and light absorption week. It was an
example of noticing differences under the monitoring of progress. This was also a
sign for science center educator regarding students’ current reactions. Most of the

students who notice the difference acknowledges that by reacting such as:

Student: Whoa! It’s down there. [QS55, Appendix I]

Similarly, the following excerpt is one of the examples for noticing other’s correct
answer. SCE2, during the guidance of the exhibition unit “Pedal Force” in energy
transformation week, asks for other types of energy, which can be observed as energy
transformation by exhibition unit and one of the students answers it correctly. After

SCE2 confirmed the answer, other students showed a noticing expression:

SCE2: What additional energy?
Student: Heat.
SCE2: Heat energy.

Students (together): Gorblimey! (=Aaaa!) [Q56, Appendix I]
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The following excerpt is one of the examples of pausing. SCE2 asks for the reason
of the shapes which pendulum has been drawing, and after an incorrect
answer/answer having comprehension failure / not related to conceptual

understanding, SCE2 used pausing for monitoring of progress:

SCE2: OK. I applied a force to it; 1 let it move, didn’t I? But, did

I make it that way? Students: No.
SCE2: How does it provide? SCE2: pause. (for 01.4 seconds)

SCEZ2: pointing to the above springs. [Q57, Appendix I]

Comprehension monitoring is another central theme, including noticing a lack of
comprehension, claiming (partial) understanding, demonstrating comprehension by
repeating and demonstrating comprehension by elaborating. Noticing a lack of
comprehension contends information required not found, noticing comprehension
failure and noticing retrieval failure. The following excerpt is one of the examples
of noticing a lack of comprehension (information required not found). SCE2 during
the guidance of the exhibition unit “Sand Pendulum” asks students whether they are
knowledgeable about vector force before she begins to elaborate on the concept and

the ST1 answers as extention of students’ metacognition to this question:
SCE2: You know the vectors, right? Vector force.
ST1: No, no. They don’t know them.

SCE2: Let’s say.” [Q58, Appendix 1]

Claiming (partial) understanding is another sub-theme of comprehension
monitoring, including completing SCE’s talk, concluding on talk/observation,
questioning information in the talk, and synchronous track of SCE’s talk. The
following excerpt is one of the examples of claiming understanding (concluding on
talk/observation) after SCE2, during the guidance of the exhibition unit “Bernoulli’s

Ball”, demonstrates the working principle of Bernoulli’s Ball in relation with the
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moving and stagnant airs. She asks for the old perfume bottles to students and one

of the students concluding on the talk as:
Student: When we squeeze, stagnant air, well...
ST: No (click one’s tongue). Moving air.

SCE: Moving air going on. When we squeeze because there is

still air in the same way going out. [Q59, Appendix I]

Demonstrating comprehension by elaborating is another sub-theme of
comprehension monitoring, including connecting information to previously known
and interpreting. Finally, demonstrating comprehension by repeating is the final sub-
theme of comprehension monitoring, including quoting and paraphrasing what SCE
told. The following excerpt is one of the examples for demonstrating comprehension
by elaborating (connecting information to previously known) in energy

transformation week at the exhibition unit “Guess Who Wins”:

SCEL: What will the potential energy turn into when I push it

down?

ST1: To kinetics energy. [Q60, Appendix I]

Table 4.16 shows SCEs’ implicit monitoring activities per exhibition unit for two
lesson units, including work and energy and solar system and beyond. The results
showed that during the guidance of “Sand Pendulum”, both SCEs had a chance to
observe claiming understanding of the students. Also, comprehension monitoring
results revealed higher number of frequencies for SCE2 compared to SCE1 for the
same exhibition units. Although students’ characteristics might cause the difference
between the frequencies, the way of SCEs’ instruction given to students might be
one of the reasons. Besides, SCE3 had higher frequencies for claiming understanding
(CU) and noticing a lack of comprehension (NLC) for Monochrome Room and Color

Shadows exhibition units.
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Table 4.17 SCEs’ implicit metacognitive regulatory actions during the guidance per
exhibition unit: Monitoring

o Monitoring
Exhibition
SCE n CM MP MSU
uni
CU DCE DCR NLC ED ND NOC P CS RQ SA
SCE1
Sand
5 0 0 0 0 0 0 0 o0 1 0
Pendulum
Air Bubble
1 0 0 1 2 0 0 o0 0 0
Race
Hot Air
4 0 0 2 0 0 0 0 o0 0 1
Balloon
Bernoulli’s
0 0 0 0 0 0 0 O 0 0
Ball
3d Sand Pool 1 0 0 1 0 0 0 0 o0 0 0
Press Test 0 0 0 0 0 0 0 0 0 0 0
SCE2
Sand
12 1 1 8 2 0 0 0o 2 0 3
Pendulum
Air Bubble
5 6 0 0 2 1 0 0 1 1 0
Race
Hot Air
0 2 2 2 0 0 0 0 o0 2 0
Balloon
Bernoulli’s
5 3 0 5 4 1 0 0 o0 0 0
Ball
3d Sand Pool 6 9 1 0 0 0 0 0 2 0 0
Press Test 2 0 0 2 0 0 0 0O 0 0 0
SCE1
3d Sand Pool 0 0 0 0 0 0 0 0 o 0 0
Guess Who
9 1 0 4 2 0 0 0 o0 5 1
Wins
Pedal Force 0 2 0 1 0 0 0 0 o0 0 0
Measure Your
Power 0 0 0 o 0 0 0 0 0 0 0
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Table 4.17 (Cont.) SCEs’ implicit metacognitive regulatory actions during the
guidance per exhibition unit: Monitoring

o Monitoring
Exhibition
SCE n CM MP MSU
uni
CU DCE DCR NLC ED ND NOC P CS RQ SA
SCE2
3d Sand Pool 4 0 0 3 0 0 0 0 o0 0 0
Guess Who
2 3 0 0 3 0 1 0 0 0 3
Wins
Pedal Force 9 3 1 9 0 0 0 0 0 5 0
Measure Your
0 0 0 0 0 0 0 0 o0 0 0
Power
SCE3
Color Shadow 11 5 0 10 1 0 0 0 O 8 0
Countless
7 0 0 1 0 0 0 0o o0 1 0
Color
Color Removal 3 6 0 0 1 0 0 0 o0 0 0
Touch the
6 5 0 6 2 5 0 0 o0 4 9
Spring
Infinite Views 0 1 0 3 2 0 0 0 0 2 1
Monochrome
13 1 0 7 1 0 0 0 o0 2 0
Room

CM: Comprehension monitoring, CU: Claiming understanding, DCE: Demonstrating
comprehension by elaboratiing, DCR: Demonstrating comprehension by repeating, NLC: Noticing
lack of comprehension, MP:Monitoring of progress, ED: Error detection, ND: Noticing differences,
NOC: Noticing others’ correct answers, MSU: Monitoring of strategy use, P: Pointing with fingers,

CS: Component structuring, RQ: Repeating question, SA: Selective attention

Figure 4.5 shows SCEs’ implicit metacognitive activities under sub-themes. The
results showed that students refer to concluding on SCEs’ talk and synchronous track
of SCEs’ talk to declare their claiming understanding. Also, students refer to
connecting information to their previous knowledge to demonstrate by elaborating.
And, they frequently notice comprehension failure compared to other ways of

noticing lack of comprehension.
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Figure 4.5 SCEs’ implicit monitoring activities

On the other hand, Figure 4.6 shows the implicit monitoring activities per the
theme. The results show that SCEs had higher opportunities to monitor students’
comprehension during guidance. Besides, SCEs use repeating their questions after

observing their reactions.

209



Comprehension
Monitoring CU

Monitoring of
Strategy Use SA

Comprehension
Monitoring DCE

Monitoring of

E Comprehension
Strategy Use RQ

Monitoring DCR

Monitoring of

E Comprehension
Strategy Use CS

Monitoring NLC

Monitoring of
Progress P

Monitoring of
Progress ED

Monitoring of
Progress NOC

Monitoring of
Progress ND

Figure 4.6 SCEs’ implicit monitoring activities per the theme

(a) Evaluating: This category refers to the evaluation of the guidance and it
revealed two main themes as checking and reflecting. Reflecting contends
three sub-themes as reflecting on the learning process/purpose/value,
reflecting on previous knowledge and reflecting on talk. The following
excerpt is one of the examples for reflecting (on learning
process/purpose/value). At the end of the visiting process, SCE3 reflected on
it:

SCE3: Today, we have toured certain mechanisms here,
wandered, as we said later in your free time to come from

morning to evening, try to understand what is happening in
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all of them, of course, try to understand the event without
disturbing. Try what I do today or what you do, twice,
three times, five times. Then, we won't have any limitations.
But then, you would not have a narrator. But, as you have
already seen for your discovery, there is no book, no
narrator, no radio system. There is only information that
tells you what is happening with brief information. [Q61,

Appendix I]

On the other hand, checking contends three sub-themes as the completeness of
conceptual definition, correctness of conceptual definition and verification of
conceptual definition. Completeness of conceptual definition occurs when SCE asks
a question to students and their current answer is incomplete for the understanding
concept. The following excerpt is one of the examples for the completeness of
conceptual definition. After students completed SCE2 s talk by a correct expression
concerning conceptual understanding during the guidance of the exhibition unit “Air

Bubble Race” in force and pressure week:

SCE2: For example, if you drill a hole in the container at three

different points from the bottom...
Students: More.

SCE2: More welling, right? Because the pressure applied to it is
much more. The pressure applied others decreases with
increasing height, making it more difficult to well. [Q62,

Appendix I]

Besides, the correctness of conceptual definition occurs when SCE asks a question
to students and regardless of their completeness if their answer/comment is correct.
The above example for completeness of conceptual definition also includes

correctness of conceptual definition metacognitive move. Later then, the students
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completed SCE2’s talk as “More.”, since the comment was correct, SCE2

commented on it and completed the conceptual definition.

Finally, verification of conceptual definition occurs when SCE emphasizes the given
examples and verifies them in a different example or way. The following excerpt
shows an example of verification of conceptual definition. SCE2, during the
guidance of the exhibition unit “Bernoulli’s Ball” in force and pressure week, gives

an example twice from different fields:

SCE: Exactly. Some air is filling in the bottles. What happens
when you squeeze when you pump? You're moving, aren't you?
Moving air occurs. There was also stagnant air inside. What
does that still air freshener do? It pushes towards the side where
the pressure is low. Where there is moving air, and thus perfume
is released. It is also used in the aircraft wing. If you've noticed,

there are propellers, right?
Students: Yeah.

SCE: On the wing of the plane.
Students: Yeah.

SCE: There is still air at the bottom and more moving air at the
top. What is doing here is less pressure. It pushes its wing from
below to the side where the pressure is low. It pushes towards the

side where the pressure is low. And so a little plane.
Students: It helps.
SCE: Help. [Q63, Appendix I]

Table 4.18 shows the evaluating activities during the guidance per exhibition unit for
two lesson units, including work and energy and solar system and beyond. The

results revealed that both SCE1 and SCE2 used verification for the conceptual
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definition for Pedal Force. Besides, SCE3 resulted in a higher number of frequencies
for correctness of conceptual understanding for Color Shadows and Monochrome
Room.

Table 4.18 SCEs’ implicit metacognitive regulatory actions during the guidance per
exhibition unit: Evaluating

Evaluating
SCE Exhibition unit Checking Reflecting
CCD CCuU VvCD OLP OPK OT
SCE1
Sand Pendulum 2 3 0 1 0 0
Air Bubble Race 4 1 0 0 0 0
Hot Air Balloon 2 2 0 0 1 0
Bernoulli’s Ball 0 0 0 0 0 0
3d Sand Pool 1 0 0 0 0 0
Press Test 0 0 1 0 0 0
SCE2
Sand Pendulum 6 3 1 0 0 0
Air Bubble Race 1 8 2 0 1 0
Hot Air Balloon 1 5 2 0 0 0
Bernoulli’s Ball 1 4 4 0 0 0
3d Sand Pool 0 6 4 1 1 1
Press Test 1 0 1 0 0 0
SCE1
3d Sand Pool 0 0 0 0 0 0
Guess Who Wins 4 2 3 0 0 0
Pedal Force 3 2 5 0 0 0
Measure Your Power 0 0 0 0 0 0
SCE?2
3d Sand Pool 4 2 2 1 0 0
Guess Who Wins 5 3 1 1 0 0
Pedal Force 8 5 7 0 1 0
Measure Your Power 0 0 0 1 0 0
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Table 4.18 (Cont.) SCEs’ implicit metacognitive regulatory actions during the
guidance per exhibition unit: Evaluating

Evaluating
SCE Exhibition unit Checking Reflecting
CChD CCu VvCD OLP OPK OT
SCE3
Color Shadow 10 12 1 3 3 1
Countless Color 0 2 1 6 0 1
Color Removal 10 6 0 1 0 0
Touch the Spring 2 4 0 1 0 0
Infinite Views 1 3 1 0 0 0
Monochrome Room 5 17 3 0 1 1

CCD: Checking completeness of conceptual definition, CCU: Checking correctness of conceptual
understanding, VCD: Verification of conceptual definition, OLP: Reflecting on learning process,
OPK: Reflecting on previous knowledge, OT: Reflecting on talk

Figure 4.7 shows SCEs’ implicit evaluating activities. It shows that SCEs frequently
checked the correctness of conceptual understanding compared to the completeness
of conceptual definition and verification of the conceptual definition. Besides, they
reflected on the learning process/purpose/calue at a higher rate compared to

reflection on talk and previous knowledge.

214



Checking:
Completeness of
onceptual definition

Checking:
orrectness of
conceptual

understanding

Reflecting: On talk

Checking:
Verification of
conceptual definition

Reflecting: On E
previous knowledgé

16
Reflecting: On
learning process /
purpose / value

Figure 4.7 SCEs’ implicit evaluating activities

Besides, Figure 4.8 shows SCEs’ implicit evaluating activities per the theme. The

results showed that SCEs frequently refer to checking compared to reflecting.

Reflecting

Checking 200

0 50 100 150 200 250

Figure 4.8 SCEs’ implicit evaluating activities per the theme
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Students’ experience of the science center visit during their science lesson hours

(RQ2a.i: Baseline Research Question)

This research question aimed at founding a baseline to understand students’ science
center visit experience after the visit before detecting their levels of conceptual
understanding from the conceptual diagnostic papers. Findings from guidance

science diary included the results for this question.

Reminder: Guidance science diary included four weeks of science center visit and
90 students out of 119 delivered their guidance science diaries. 31 of them was for
the exhibition units related to the learning objectives of force and pressure, 25 of
them was related to energy transformation, 10 of them was related to mirrors and
light absorption and 24 of them was related to solar system and beyond in different
three cases. Since the work and energy lesson unit covers six weeks of lecture hours,
the learning objectives of that unit were divided into two weeks as force and pressure

and energy transformation.

Students’ science diaries after a science center visit

Exhibition unit preference

Making sense of exhibition units

Relating
exhibition units

Conceptual

interest Dynamicity

Reinforcement
of learning for
science course

with scientific
concepts

Transferring |

Limited interaction with science teacher Relating

o

Reading

science center

conceptual |

experiance with knowledge to
D""!ﬁ.tm el o school course daily life usage
sk exhibition unit

Guided by
science center
educators

Evaluation of science center visit

Evaluation based on feelings

Evaluation based on procedures

Curious Excitement l Mormal ] Having more Having more
exhibition units time for visit
Tiredness Having more
interaction with Others
exhibition units
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Figure 4.9 Diagram for students’ science diaries after science center visit




Table 4.19 shows the conceptualization of students’ guidance science diaries after
each science center visit. Students’ guidance science diaries emerged four main
themes as (a) exhibition unit preference, (b) limited interaction with science teacher,

(c) making sense of exhibition units, and (d) evaluation of science center visit.

(a) Exhibition unit preference: First of all, 40 students mentioned that they
preferred to interact with exhibition units based on their conceptual interest,
dynamicity, and physical characteristics of the exhibition units. Overall
results showed that although it does not infer a significant difference in
students’ utterances regarding the physical characteristics of the exhibition
units were higher compared to their conceptual interest and dynamicity. This
might imply that students mostly preferred to visit exhibition units regarding
their physical characteristics.

(b) Limited interaction with science teacher: Secondly, 67 students out of 90
guidance science diaries mentioned the reasons of their limited or no
interaction with science teachers as visiting the exhibition units with peers
(N=59), guided by science center educators (N=32) and listened to them and
reading information on exhibition units (N=7). Stu.07 mentioned about
reading information on exhibition units to learn how to use it at the following
reflective writing. However, students did not frequently mention about this
compared to doing science center activities with their peers and taking

guidance by science center educators.

“I did not ask the question to the teacher. Since the names of
experiment, purpose, and how to use it were written on the
machine with black font.” [Q64, Appendix I
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Table 4.19 Conceptualization of students’ science diaries after a science center visit
(N=90)

Number
of Frequency of
Themes and Sub-Themes being told
students
®
(n)

Exhibition unit preference 40 44
Conceptual interest 12 12
Dynamicity 11 12
Physical characteristics 19 20

Limited interaction with science teacher 67 107
Doing together with peers 59 67
Guided by science center educators 32 33
Reading the information on exhibition unit 7 7

Making sense of exhibition units 51 145
Reinforcement of learning for a science course 25 28
Relating exhibition units with scientific concepts 35 63
Relating science center experience with school course 26 33

Transferring conceptual knowledge to daily life usage 18 21

Evaluation of science center visit 80 120

Evaluation based on feelings 72 88
Curious 7 7
Excitement 19 20
Happiness 54 56
Normal 4 4
Tiredness

Evaluation based on procedures 25 32
Having more exhibition units 4 4
Having more interaction with exhibition units 16 17
Having more time to visit 9 10
Others 1 1

(a) Making sense of exhibition units: Students stated making sense of
exhibition units provided them relating exhibition units with scientific
concepts (N=35), relating science center experience with school course
(N=26), transferring conceptual knowledge daily life usage (N=18), and

reinforcing their science learning (N=25). First of all, results showed that a
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majority of the students indicated they relate exhibition units to relevant
scientific concepts. The following excerpt illustrated an example of that

Stu.02 used force concept during the making sense of exhibition unit.

“For the first experiment, we put the sand into the box tied to the
rope and applied force. We applied the first for the first time, but
then other ropes pull in their directions and applied force. And
the sand was poured down below the box and constituted
different shapes.” [Q65, Appendix I]

Similarly, Stu.03 used concepts of pressure and surface area during the

making sense of the exhibition unit.

“I do not know the name of the experiment, but it was with sand.
| confused where pressure increases and decreases at our
science classes. But, | know now. For instance, for snowshoes
having wide surface area, pressure decreases; but, for heeled
shoes having narrow surface area, pressure increases. | do not

confuse them anymore.” [Q66, Appendix I]

On the other hand, although some of the students related the working
principle of the exhibition unit with scientific concepts, they rarely gave
detailed answers for this relation. Among the ones having accurate answers
for conceptual understanding, there existed no understanding or
misconceptions. In the following excerpts, Stu.04 mentioned no
understanding and misconception regarding the force and gas pressure

concepts respectively.

“We saw a pendulum. This pendulum constituted skewed lines. |

could not make sense of this experiment.” [Q67, Appendix ]
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“If there does not exist hot air in these balloons, they are
shrinking. When hot air is filled into it, they are inflating the
balloon and raising.” [Q68, Appendix I]

Besides, Stu.04 mentioned about her science center visit experience by

referring to reinforcement.

“We are visiting every two weeks. It is good to go through the
lesson topic for the first week and visit the science center for the

second week. This reinforces our learning.” [Q69, Appendix 1]

Although Stu.04 promoted continuous science center visit experience as
supporting reinforcement of learning, the student’s first guidance science
diary showed that there exists no understanding or misconceptions regarding
the force and pressure lesson unit. This was one of the signals that students’
guidance science diaries might not be enough to detect their levels of

conceptual understanding regarding the associated learning objectives.

In addition to relating exhibition units with concepts, students transferred
their experience to a usable format in daily life. In the following excerpt,
Stu.05 and Stu.06 transferred the science center experience to the daily life

usage by emphatisizing.

“If radio and light work after pedaling, we have been applying for
75-watt energy. Generating electricity was difficult here. |
understood we would not waste electricity in this experiment.”
[Q70, Appendix I]

“I like very much that exhibition unit having bicycles including
light and radio. If we used that one in the parks, it interests people.

They listen to music and do sport.” [Q71, Appendix I]

Finally, 80 out of 90 students evaluated their science center visits based on

their feelings and procedures carried out by the science center. 71 students
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out of 72 who evaluated their experience based on their feelings mentioned
positive feelings; whereas, one of them mentioned being tired during the visit.
Students also mentioned having “more”s regarding science center visit as
having more exhibition units (N=4), having more time to visit (N=9), and
having more interaction with exhibition units (N=16). Students’ written
accounts showed that they wanted to have more interaction with exhibition
units within the science center visit. The time restriction and group size might
be the reason for students’ interaction desire. However, the guidance science

diary should be investigated regarding separated guidance weeks.

Therefore, when received guidance science diaries divided into four weeks
based on their associated learning objectives, the frequencies that sub-themes
told by students were shown in Table 4.4. Since force and pressure (FP) and
energy transformation (ET) weeks have the same students who visited Feza
Girsey Science Center, the frequencies by weeks may point out probable
changes among weeks. Although energy transformation week received fewer
science diaries from students (N=25) compared to force and pressure week
(N=31), the frequency for limited interaction with teachers showed increase
and students mostly mentioned interaction with their peers during the visit.

Stu.01 wrote the following excerpt for doing interaction with peers:

“Questions I asked my friends were related to names of the
exhibition units and the purpose of the experiment. Yet, they were
not questions. They were conversations between us. There were

exhibition units I showed as well.” [Q72, Appendix ]

In addition to peer interaction, less frequency regarding relevant exhibition
units with scientific concepts was revealed; whereas, students indicated more
examples of transferring conceptual knowledge to daily life usage compared
to force and pressure week. Although the reason for this might seems like

two different weeks, it might be caused by the exhibition unit characteristics
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in which energy transformation week, there were exhibition nits as models of

exemplary requiring empirical inductive reasoning.

Table 4.20 Frequencies being told by students’ science diaries after a science center
visit for each learning objectives

Themes and Sub-Themes FP ET MLA  SSAB

Exhibition unit preference 16 3 6 18
Conceptual interest 9 1 2 7
Dynamicity 2 2 0 1
Physical characteristics 5 0 4 11
Limited interaction with science teacher 28 33 9 36
Doing together with peers 16 22 7 22
Guided by science center educators 11 10 2 10
Reading information on exhibition unit 1 2 0 4
Making sense of exhibition units 71 61 1 0
Reinforcement of learning for science course 16 12 0 0
Relating exhibition units with scientific concepts 43 20 0 0
Relating science center experience with school course 16 16 1 0
Transferring conceptual knowledge to daily life usage 4 17 0 0
Evaluation of science center visit 38 39 10 22
Evaluation based on feelings 20 26 10 22
Curious 2 1 1 3

Excitement 4 5 2 9

Happiness 15 19 7 15

Normal 0 2 1 1

Tiredness 0 0 0 1

Evaluation based on procedures 18 13 0 0
Having more exhibition units 2 2 0 0

Having more interaction with exhibition units 8 9 0 0

Having more time for visit 9 1 0 0

Others 0 1 0 0

Beside force and pressure and energy transformation weeks, students returned back
their guidance science diaries for mirrors and light absorption (MLA), and solar
system and beyond (SSAB) lesson units did not mention their science center visit

experience regarding making sense of exhibition units. Therefore, the levels of
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students’ conceptual understanding during their visit needs to be investigated in a
different way. To fill this gap, a sheet including students’ experience photos taken
from the guidance stage was prepared and delivered to them to relate the concepts

and the exhibition units.

Changes in scientific conceptual understanding levels for selected concepts of

students regarding SCEs’ implicit metacognitive actions (RQ2a)

This research question tried to pinpoint the relation between SCEs’ implicit
metacognitive regulatory actions and the level of students’ conceptual
understanding. Before answering this question, the missing part of the current
practices study, including students’ thoughts related to their science center visit
experience, was investigated. Since after students took the guidance, they had a
science diary for their science center visit and conceptual diagnostic paper related

to their levels of conceptual understanding for the selected scientific concepts.

Reminder: Conceptual diagnostic paper included four weeks of science center visit,
and 101 students out of 119 delivered their conceptual diagnostic papers. Thirty-
four of them were for the exhibition units related to the learning objectives of force
and pressure, 33 of them were related to energy transformation, 12 of them were
related to mirrors and light absorption, and 22 of them was related to the solar
system and beyond in different three cases. Since the work and energy lesson unit
covers six weeks of lecture hours, the learning objectives of that unit were divided

into two weeks as force and pressure and energy transformation.
Correct and Incorrect Use of Concepts

Table 4.21 illustrates the frequencies of correct and incorrect use of the concepts
being written at students’ conceptual diagnostic papers after the science center visit
for the selected exhibition units. The correct and incorrect use of concepts were
counted per week: (a) force and pressure, (b) energy transformation, (c) mirrors and

light absorption, and (d) solar system and beyond.
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(a) Force and Pressure: This week included five exhibition units within the
conceptual diagnostic paper. These exhibition units were 3d Sand Pool, Air
Bubble Race, Bernoulli’s Ball, Hot Air Balloon, and Sand Pendulum. Force
and Pressure revealed 23 correct use for describing the working principle by
using concepts related to 3d Sand Pool (Nheight = 1, Npressure = 16, and Nsurface
area= 0), 46 correct use for Air Bubble Race (Ndensity = 22, Niiquid pressure = 20,
Nheight = 2, and Nforce = 2), 52 correct use for Bernoulli’s Ball (Nair = 29,
Npressure = 22, and Nrorce = 1), 66 correct use for Hot Air Balloon (Ndensity= 12,
N pressure = 19, Ngas= 12, Ngravity force = 1, Nexpansion = 3, and Nhotair = 19), and 39
correct use for Sand Pendulum (Nforce = 16, N friction force = 3, Nresultant force = 18,
and Ngravity force = 2) out of 34 students. On the other hand, Force and Pressure
revealed five incorrect use for describing working principle by using
concepts in 3d Sand Pool (Niayer = 20, Nphysical map = 2, and Nweight = 2), one
incorrect use for Air Bubble Race (Nwinda = 1), one incorrect use for
Bernoulli’s Ball (Njayer= 1), one incorrect use for Hot Air Baloon (Nforce = 1),
and eight incorrect use for Sand Pendulum (Npressure = 6 and Nueight = 2).

(b) Energy Transformation: This week included four exhibition units within the
conceptual diagnostic paper. They were 3d Sand Pool, Guess Who Wins,
Measure Your Power, and Pedal Force. Energy Transformation revealed 18
correct use for describing the working principles by using concepts in 3d
Sand Pool (Nenergy = 10, Nmass= 5, and Nuweight = 3), 38 correct use of concepts
in Measure Your Power (Ngravitational potential energy = 3, Nkinetic energy = 16, Nrorce =
10, Nenergy = 5, Npressure = 3, Nwork = 2, and Nair energy = 1), 40 correct use of
concepts in Guess Who Wins (Npotential energy = 9, Nkinetic energy = 10, Nrorce = 2,
Nmass = 6, and Nweight = 10) and 78 correct use of concepts in Pedal Force
(Nkinetic energy = 15, Nforce = 7, Nenergy = 35, Nelectrical energy = 9, Nwork = 3, and N
energy transformation = 9) out of 33 students. On the other hands, Energy
Transformation revealed three incorrect use for describing working
principles by using concepts in 3d Sand Pool (Nforce= 1, Nheight= 1, and Npressure

= 1), six incorrect use of concepts in Guess Who Wins (Nforce = 1, Nweight= 2,
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(©)

and Npressure = 3), 40 correct use of concepts in Measure Your Power (Nelectrical
energy = 1, Nfriction= 1, and Npressure = 1) and three incorrect use of concepts in
Pedal Force (Nfriction = 2, and Nsavings=1).

Mirrors and Light Absorption: This week included three exhibition units
within the conceptual diagnostic paper. They were Countless Color,
Monochrome Room, and Touch the Spring. Mirrors and Light Absorption
revealed 14 correct use for describing working principles by using concepts
in Countless Color (Ncolor = 10, Niight= 3, and Niignt reflection = 1), 16 correct use
of concepts in Monochrome Room (Nabsorption= 2, Ncolor= 8, Nfrequency = 1, Niight
reflection = 3, Niight refraction= 1, and Nwhite light = 1), and 17 correct use of concepts
in Touch the Spring (Nconcave mirror = 1, Nmirror = 8, and Nrefiection = 8) out of 12
students. On the other hand, Mirrors and Light Absorption did not reveal any

incorrect use of concepts.

(d) Solar System and Beyond: This week included four exhibition units within

the conceptual diagnostic paper. They were Constellation Viewer, Gravity
Well, Solar System Model, and Summer Sun / Winter Sun. Solar System and
Beyond revealed 38 correct use for describing working principles by using
concepts in Constellation Viewer (Nconstellation =21, and Nstar= 17), 48 correct
use of concepts in Gravity Well (Ndistance to sun= 2, Nbiack hole= 16, Ngravitational
force = 17, Nplanets = 6, and Nsolar system= 1), 49 correct use of concepts in Solar
System Model (Nuistance to sun = 12, Npianets = 22, and Nsolar system = 15), and 41
Summer Sun Winter Sun (Naxial tiit= 17, Ndistance to sun= 16, Nheatmess= 3, and
Nseasons= 5) out of 22 students. On the other hand, Solar System and Beyond
revealed one incorrect use for describing working principles by using

concepts in Summer Sun Winter Sun (Ngalaxy = 1).
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Table 4.21 Frequencies of correct and incorrect use of concepts being told by
students’ conceptual diagnostic paper after a science center visit for selected
exhibition units

Correct Use Incorrect Use

Themes and Sub-Themes of Concepts  of Concepts

Force and Pressure (n=34) 226 (n=14) 16
3d Sand Pool 23 5
Air Bubble Race 46 1
Bernoulli’s Ball 52 1
Hot Air Balloon 66 1
Sand Pendulum 39 8
Energy Transformation (n=33) 174 (n=11) 15
3d Sand Pool 18 3
Guess Who Wins 38 6
Measure Your Power 40 3
Pedal Force 78 3
Mirrors and Light Absorption (n=11) 47 (n=0) 0
Countless Color 14 0
Monochrome Room 16 0
Touch the Spring 17 0
Solar System and Beyond (n=22) 176 n=1)1
Constellation Viewer 38 0
Gravity Well 48 0
Solar System Model 49 0
Summer Sun Winter Sun 41 1

Revealed results showed that students frequently used concepts related to the
exhibition units about their science center visit experience. For example, for 3d Sand
Pool, students used pressure and surface area concepts frequently. Similarly, for Air
Bubble Race, students used density and liquid pressure frequently when the height
of liquids within tubes is the same. Also, students did not refer to force repeatedly,
which could be used as a baseline term to push the pomp to make exhibition unit
work. Moreover, for Bernoulli’s Ball, students used air and pressure concepts which
were frequently used by the science center educator during the guidance period,

however, similar to used concepts for Air Bubble Race, used concepts seem to be
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embedded in the exhibition unit obviously as air and uttered by science center
educator in an explicit way as pressure. Similar to previous concepts used during
elaborating on the working principles of exhibition units, concepts used for Hot Air
Balloon and Sand Pendulum were frequently uttered concepts during the guidance
phase. For instance, friction force which could be used as a concept for Sand
Pendulum to describe why the pendulum gets slower throughout the time, was not
mentioned by students frequently. To sum up, the correct and incorrect use of
concepts showed that the exhibition unit characteristics might foster students’
conceptual understanding and make it easier to connect the working principle with
the concepts which they are currently engaged in. On the other hand, keywords used
during the guidance period by science center educator and students’ immediate
answers for elaboration during the guidance period might also be another important

factor in shaping students’ conceptual understanding.

The Levels of Students’ Conceptual Understanding

Use of concepts by students after a science center visit

Force and pressure Energy Transformation Mirrors and Light Absorption Solar System and Beyond

| ‘ =

3d Sand Pool | |Sand Pendulum 3d Sand Pool Weah/i0 Countless Color ooy Gravity Well
Power Viewer
% s 4 Monochrome
Room
g Guess Who Touch the Solar System Summer Sun
ir Bubble Race| | Bernoulli's Ball Wins Pedal ForceJ Spring Moda! Winter Sun
Hot Air Balloon

No Emergent | Partial Sound
Hecocepl [Understand(r;] |'Unders‘tandng7 {Understandmg] [Understandmg}
J

Figure 4.10 Diagram for use of concepts by students after a science center visit
showing the associated exhibition units to the levels of students’ conceptual
understanding

The levels of students’ conceptual understanding refer to what extent students used
scientific concepts. Table 4.22 shows the number of students who demonstrated

various levels of conceptual understanding for each lesson subject.
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Table 4.22 Frequencies of the number of students’ conceptual understanding
written within students’ conceptual diagnostic paper after the science center visit
for the selected exhibition units

Conceptual Understanding

Exhibition Units No Emergent Partial Sound
Misconception
Understand Understand Understand Understand

Force and Pressure

3d Sand Pool 3 19 0 5 8
Air Bubble Race 1 12 3 8 10
Bernoulli’s Ball 2 7 11 3 8
Hot Air Balloon 9 4 3 13 6
Sand Pendulum 2 17 0 12 3
Energy Transformation
3d Sand Pool 2 0 1 4 5
Guess Who Wins 3 11 0 14 2
Measure Your Power 2 5 8 15 5
Pedal Force 2 3 2 11 12
Mirrors and Light
Absorption
Countless Color 1 3 8 0 0
Monochrome Room 1 5 5 1 0
Touch the Spring 0 1 2 8 1
Solar System and Beyond
Constellation Viewer 0 0 1 16 5
Gravity Well 1 2 5 11 5
Solar System Model 1 0 0 13 9
Summer Sun Winter Sun 5 2 2 0 13

(a) Force and Pressure: This week included five exhibition units as 3d Sand
Pool, Air Bubble Race, Bernoulli’s Ball, Hot Air Balloon, and Sand
Pendulum. Results showed that students’ misconceptions under Force and
Pressure revealed three references for 3d Sand Pool, one reference for Air
Bubble Race, two references for Bernoulli’s Ball, nine references for Hot Air
Balloon and two references for Sand Pendulum. Moreover, students’ level of
conceptual understanding considering no understanding had 19 references

for 3d Sand Pool, 12 references for Air Bubble Race, seven references for
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Bernoulli’s Ball, four references for Hot Air Balloon and 17 references for
Sand Pendulum. On the other hand, the emergent understanding was revealed
for zero times for 3d Sand Pool, three times for Air Bubble Race, 11 times
for Bernoulli’s Ball, three times for Hot Air Balloon and zero times for Sand
Pendulum. And, the partial understanding was revealed three times for 3d
Sand Pool, eight times for Air Bubble Race, five times for Bernoulli’s Ball,
13 times for Hot Air Balloon and 12 times for Sand Pendulum. Finally,
students showed sound understanding for eight times in 3d Sand Pool, for ten
times in Air Bubble Race, for eight times in Bernoulli’s Ball, for six times in
Hot Air Balloon and for three times in Sand Pendulum. Table 4.23 shows
example excerpts for each exhibition unit of Force and Pressure guidance

week about the levels of students’ conceptual understanding.
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Table 4.23 Example excerpts to fit the levels of conceptual understanding being
written by students’ conceptual diagnostic paper after the science center visit for
Force and Pressure week

Conceptual Understanding

Exhibition Units No Partial Sound
Misconception
Understanding  Understanding  Understanding  Understanding
The weight High places are We collected the ~ When pressing with
3d Sand Pool increases from the light brown, sand in one place  one finger, the
equator to the poles mediums are white, and applied pressure is high as
because when we  and sea-level is pressure according the surface area is
add more blue sand seen in blue color. to the surface area. small. The pressure
over the sand, the decreases because
weight increases. the surface area is
large when pressed
with the palm.
Air Bubble Whicheyer gets The first one has They' apply for‘ce. to We tried how the  The ﬁrst chamber
denser, it goes up  only water. The the pipes consisting bubbles came out  contains water. The
Race faster. second is water and of water, glycerin ~ with the pressure  second chamber
glycerin. The third with water, and we applied. We contains glycerin,
is glycerin. The glycerin and create saw the fluid the third chamber
biggest bubble bubbles. pressure. contains water and
appeared in glycerin. Glycerin
glycerin. moves more slowly
because it has a
higher density. The
density of the
glycerin with water
is moderate and
slower to medium.
Because the density
of water is less, it is
faster.

. With the pressure  It's showing the gas The air from below The stagnant air Since the air blown
Bernoulli’s of the air, the ball ~ pressure. kept the ball up and keeps him out. from the pipe is
Ball went even higher, pulled to itself. moving, the inert

so the higher the air pushes the ball
air, the higher the towards the moving
pressure. air. Therefore, the
ball remains in
control of the air in
the pipe.
. Aballoon witha  The balloon inflates Rise of the balloon The density of the As the gas heats up,
Hot Air decreasing density as the air is with fire from heated air the density
Balloon descends. released, just like in below. decreases. Asthe  expands, and the
However, the Cappadocia. density decreases, balloon flies up.
balloon with an the balloon goes
increasing density up.
goes up.
When we leave it at When the sand is - With the result of The rope draws a
Sand a certain point, it's  placed in the the resultant force, shape in the
distributing pendulum the sand moved  direction of the
Pendulum because of the connected by the flat. force applied and
weight. ropes, the stops by the friction

pendulum is
pushed, and the
sand flowing
through the hole
moves in certain
directions and
draws certain
shapes.

of the air.
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(a) Energy Transformation: This week included four exhibition units as 3d
Sand Pool, Guess Who Wins, Measure Your Power, and Pedal Force. Results
showed that misconception under Energy Transformation revealed two
references for 3d Sand Pool, three references for Guess Who Wins, two
references for Measure Your Power, and two references for Pedal Force. On
the other hand, no understanding level revealed zero references for 3d Sand
Pool, 11 references for Guess Who Wins, five references for Measure Your
Power, and three references for Pedal Force; whereas, emergent
understanding level revealed on reference for 3d Sand Pool, zero references
for Guess Who Wins, eight references for Measure Your Power, and two
references for Pedal Force; partial understanding level revealed four
references for 3d Sand Pool, 14 references for Guess Who Wins, 15
references for Measure Y our Power, and 12 references for Pedal Force. Table
4.24 shows the example excerpts for each exhibition unit of Energy
Transformation guidance week about levels of students’ conceptual

understanding.
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Table 4.24 Example excerpts to fit the levels of conceptual understanding being
written by students’ conceptual diagnostic paper after the science center visit for
Energy Transformation week

Conceptual Understanding

Exhibition Units

No

Misconception

Understandi

Emergent

ng

Understanding

Partial

Understanding

Sound

Understanding

High places, low

We throw the balls Types of energy and We saw that the

3d Sand Pool places, and sea and understand, what the energy balls with the same
levels have been  which is heavy and depends on. We mass of the balls
shown. Besides, the light. threw the ball at the having the same
distance has a same height and heights opened a
different color, but observed three deeper pit in the
when we press the different masses. In sand. When the
sand for example, one, we compared  balls with higher
we sink into our the same mass balls gravitational
hands and make with different potential energy
pressure. heights. (height) and more
mass were thrown
from the same
height, the ball with
more mass opened
a deeper pit in the
sand.
When the pedals ~ We've saved The radio is With the energy Turning the pedals
Pedal Force are turned, the money by turning  running at 75 volts. generated by turned on the sound
frictional force is  low-cost and slow  Volts increase as  pedaling, we lit the and the lights of the
converted into light lights and sounds. you pedal. bulb and turned on  bulb, which is about
in the lamp and Saving. the radio as we turn working with
sound energy on the pedal, the energy. By applying
the radio. mechanism inside force to the pedals,
turns and generates it makes the bulb
electricity. and sound come in.
Here we saw the ~ One was heavy, - We left the circles  Velocities of masses
Guess Who effect of the one was light, and of the same weight according to their
Wins distribution of the two went faster, from the same distribution. Circles

weights on rounds
of the same
weights. The
weight of the given
round went faster
because the
pressure on the
ground was less.

leaving the lighter
Which is fast or

which is slow. We

learned it.

height, which of
them first went
down. The weight
of the ball that has
been revealed has
come down faster
than the car tire.

left in the same
place were
converted from
gravitational
potential energy to
kinetic energy.

Measure Your

Power

This machine
features up to
horsepower.
Separation of air
molecules into the
air.

Make the ball go up We turned the

to electrical
equipment.
Observe the
operation of the
electric device by
turning the ball
there

propeller and
rotated the pedals

Motion energy is

The force of the ball

transferred to the air by turning the

energy to move the

to vent the ball. We ball up. The pedal

turn the pedal, the
vent is spinning,
and the ball flies.

turns the ball up

pedals into the air.
Motion energy is
converted into gas
particles and
gravitational
potential energy by
venting.

(a) Mirrors and Light Absorption: This week included three exhibition units as

Countless Color, Monochrome Room, and Touch the Spring. Results showed

that misconception revealed one reference for Countless Color, one reference
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for Monochrome Room, and zero references for Touch Spring; whereas, no
understanding level revealed three references for Countless Color, five
references for Monochrome Room, and one reference for Touch the Spring.
Also, the emergent understanding level revealed eight references for
Countless Color, five references for Monochrome Room, and one reference
for Touch the Spring. And, partial understanding level revealed zero
references for Countless Color, one reference for Monochrome Room, and
eight references for Touch the Spring. Finally, sound understanding level
revealed zero references for Countless Color, zero references for
Monochrome Room, and one reference for Touch the Spring. Table 4.25
shows the example excerpts for each exhibition unit of Mirrors and Light
Absorption guidance week about levels of students’ conceptual

understanding.
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Table 4.25 Example excerpts to fit the levels of conceptual understanding being
written by students’ conceptual diagnostic paper after the science center visit for
Mirrors and Light Absorption week

Conceptual Understanding

Exhibition Units No Emergent Partial Sound
Misconception
Understanding  Understanding  Understanding  Understanding
Iunderstood the When something ~ There were color - -
reflection of the comes in front of themixes. We have
light better. Colorful beam, the colors are made the colors we
clothes appear in  scattering, and I see want.
colorful light. White blue, green and red.
clothes appear in
white light.
I have observed There we allhad ~ The room would be The red outfit -
Monochrome that the objects purple lips. And monochrome when appeared in its
reflect their own our clothes changed the lights were off  color. The
light. in color. because the clothes frequency was
that were on the appropriate.
filter inside did not
give their color and
would appear
monochrome. It was
nice. There were
other toys inside.
Even when they
were colorful, it
looked just one
color.
It was beautiful. I
observed the colors.
- It was very nice, but Touch the spring ~ Touch the spring ~ Thanks to the
I couldn't touch it.  exhibition unit was exhibition unit was concave mirror, I
nice, we tried to very nice. I touched saw the spring large
touch the spring, but the spring, and it and reverse.
we couldn't touch it had a fool. The
because there was  spring was reflected
no spring. It was  with the help of the
like, but when we  mirror.
looked through the
glass, we saw that
the spring was under
the board, and when
I touched for the
second time, I held
the spring.

Countless

Color

Room

Touch the
Spring

(a) Solar System and Beyond: This week included four exhibition units as
Constellation Viewer, Gravity Well, Solar System Model, and Summer Sun
/ Winter Sun. First of all, misconception revealed zero references for
Constellation Viewer, one reference for Gravity Well, one reference for Solar
System Model, and five references for Summer Sun Winter Sun; whereas, no

understanding level revealed zero reference for Constellation Viewer, two
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references for Gravity Well, zero references for Solar System Model, and two
references for Summer Sun Winter Sun. Also, emergent understanding level
revealed one reference for Constellation Viewer, five references for Gravity
Well, zero references for Solar System Model, and two references for
Summer Sun Winter Sun; whereas, partial understanding level revealed 16
references for Constellation Viewer, 11 references for Gravity Well, 13
references for Solar System Model, and zero references for Summer Sun /
Winter Sun. Finally, sound understanding level revealed five references for
Constellation Viewer, five references for Gravity Well, nine references for
Solar System Model, and 13 references for Summer Sun Winter Sun. Table
4.26 shows the example excerpts for each exhibition unit of Solar System
and Beyond guidance week about levels of students’ conceptual

understanding.
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Table 4.26 Example excerpts to fit the levels of conceptual understanding being
written by students’ conceptual diagnostic paper after the science center visit for
Solar System and Beyond week

Conceptual Understanding

Exhibition Units

Misconception

No

Understanding

Emergent

Understanding

Partial

Understanding

Sound

Understanding

. Planets in the solar Acceleration of ~ There was a well in The proximity of ~ With the force of
Gravity Well system revolve the ball as it the ground plane, the planets in the  gravity, I saw the
around the black ~ moves down. and the ball rolled  solar system to the objects being
hole. there, and aftera  sun, is directly drawn into the well.
while, we saw it proportional to the 1 observed that a
fall into the well. A rotation speed. The ball in the gravity
ball was left in the planets in the solar well spins over the
gravity well, and  system have a object for a long
the gravity moved greater time and then falls
on the ball, causing gravitational force into the well after a
it to fall into the than the other while.
well. planets.
. - - First, I wondered =~ We saw the stars I saw the stars
Constellation what it worked for, unite and forma  coming side by side
Viewer and then I tried. It's shape. The stars to form

about the merger of
stars.

merged with each
other to form the
big bear
constellation.

constellations. I
have made it clear
that we cannot
understand the
distances of stars in
constellations
according to their
dimmer or
luminosity.

Solar System
Model

Mercury is the
largest planet in the
solar system, and
Jupiter is the
smallest planet.

I observed the
distance of the
planets to the sun.
We observed the
properties of the
planets in the solar
system.

The planets in the
solar system have
seen their distance
from the sun, eight
planets. We have
seen the planets in
the solar system,
their distance from
the sun, their size,
and which planets
have rings.

Summer Sun

Winter Sun

In our world,
because the axis is
inclined, we saw
that the summer is
closer to the sun,
and the winter is
farther away from
the sun and
warmer. It shows
that the inclination
of the axis is closer
to the sun in
summer and farther
away in winter.

Clock by summer
Clock by winter

In summer and
winter, I saw what
percentage of the
sun we use. I saw
the distance and
proximity of
sunlight in summer
and winter.

Since the earth
inclines the axis, we
have seen that in
winter, it is closer to
the sun, and in
summer, it is farther
and warmer. We
saw the inclination
of the axis to be
farther in winter and
warmer in summer.
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43.2 Collaboration Phase

Reminder: The collaboration phase is the second phase of the multiple case study. It
refers to the collaborative work of seventh-grade students while they are answering
the questions on the worksheets given to them during their mutual work. Students
were paired based on their gender and proximity within the class. And, the pairs
were brought to the science center by a school bus within their available hours by
getting the permission from the school management, the teacher, and their parents.
Students were transferred in pairs not to make them wait for other students. They
were informed about the collaborative work before they began. And, they wore eye
tracking glasses and their eyes were calibrated. Then, they worked collaboratively
for approximately one hour. After their collaborative session ended, the pairs were
interviewed regarding their collaborative work. Then, students were brought to the

school back.

A total of 30 pairs (since 4 pairs and two individuals of them were excluded during
the results) participated in the collaboration phase for three cases. The cases divided
into three lesson units as “Work and Energy”, “Mirrors and Light Absorption”, and
“Solar System and Beyond”. Firstly, “work and energy” lesson unit divided into two
weeks due to its demanding lesson objectives in align with the guidance phase. A
total of seven matched-pairs and two individuals (one girl, one boy) participated in
the collaborative work for “work and energy” for two weeks after the guidance
period. Thus, one pair of this lesson unit participated for two times. Second, for
“mirrors and light absorption” lesson unit, a total of 16 pairs (four pairs were
excluded from the results) from two difference schools participated in the
collaborative work. Finally, for “solar system and beyond” lesson unit, a total of 12
matched-pairs from one class participated in the collaborative work. Therefore,
analysis for the collaboration phase includes a total of 30 pairs with 60 individual
students. The data were gathered through written worksheets during the collaborative
work, first-eye video recording by eye glasses, second-eye video camera recording,

and voice recordings of retrospective interviews.

237



Students’ Individual and Inter-individual Metacognitive Processes (RQ3-RQ4)

Although the data analysis was performed by taking one peer as a unit of analysis
(Figure 4.11), since each peer has interaction with other peer and the environment,
their individual and inter-individual metacognitive actions were determined based

on the single unit.

Collaboration Phase: Unit of Analysis

111-0

I

Environment

Peerll

O
gf \z

Exhibition Worksheet
unit

Figure 4.11 Schema of the unit of analysis for the collaboration phase

To give an overall look considering each lesson unit for the associated metacognitive
processes, Table 4.27 illustrates the frequencies for each lesson unit. When it is
examined regarding each unit, actions related to monitoring process had the highest
frequencies during the collaborative activity, while planning and evaluating had the
lowest frequencies. The results shows that although six student pairs were available
for the work and energy lesson unit, the observed frequencies were higher for this

lesson unit associated with the metacognitive categories.
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Table 4.27 The number of frequencies being observed based on lesson units

Units Number of Frequency
Categories Pairs of being
observed
Orientating 30 4396
Work and Energy 6 992
Solar System and Beyond 12 1525
Mirrors and Light Absorption 12 1879
Planning 30 980
Work and Energy 6 352
Solar System and Beyond 12 303
Mirrors and Light Absorption 12 325
Monitoring 30 4712
Work and Energy 6 1502
Solar System and Beyond 12 1314
Mirrors and Light Absorption 12 1896
Evaluating 30 1078
Work and Energy 6 275
Solar System and Beyond 12 372
Mirrors and Light Absorption 12 431

Table 4.27 illustrates that the lesson units may also result in differences for the
frequencies of the associated metacognitive processes. Figure 4.12 summarizes the
frequencies for the students’ actions related to metacognitive processes during
collaborative activity based on the lesson units. It shows that while work and energy
lesson unit had the highest frequencies for each metacognitive category, solar system

and beyond had the lowest frequencies.
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Students' actions related to metacognitive processes during collaborative activity based on the lesson units

Work and Energy Mirrors and Light Absorption Solar System and Beyond

Orientating Monitoring Orientating Monitoring [ Orientating ‘ Monitoring Y

Evaluating

Planning Evaluating Planning Evaluating j Planning

A1

Low ] Middle High
Ly

Figure 4.12 Diagram for the students’ actions related to metacognitive processes
during collaborative activity based on the lesson units

Before giving the details for students’ metacognitive actions during the collaborative
work, a compete diagram of students’ metacognitive actions will illustrate the most
prominent findings by providing a holistic overlook. Figure 4.13 shows that
distributing role of duties under planning in advance and interim planning had high
frequencies during students’ planning actions. This might refer to students prefer to
distribute the role of duties before take an action by defining each of the roles as
acting (who is engaging with the exhibition unit), following (who is following the
other pair’s actions and verbal accounts), leading (who leads for that instant during
the collaborative activity), writing (who takes the pen and takes note on the
worksheet), and switching role (which needs a direct interaction and common
agreement between two pairs). Also, switching role under distributing role of duties
had higher frequencies which may refer to students need to switch the roles by
adapting the current environmental changes (including person-related factors
(tiredness of writing, need to give spot to other friend), task-related factors (non-
accessable material characteristic), environment-related factors (need to find the

direction related to the answer)).

On the other hand, students showed higher frequencies for claiming understanding

by concluding on exhibition unit frequently during the comprehension monitoring.
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This may refer to students conclude on exhibition unit rather than questioning on the
exhibition unit if it provides a clear understanding and match with the related
scientific concepts. Moreoever, students mostly showed demonstrating
comprehension by questioning during they were not looking at the exhibition units.
Moreoever, during the collaborative pairs monitor of their strategy use, adapting
pace and repeating after confusion had higher frequencies for adapting strategy use.
The higher frequency for adapting pace may refer to need for calibrating the
movements between the students. Also, collaborative pairs frequently referred to
repeating after confusion for the adapting strategy use. This may mean that students
repeated the actions, read information, read question, or given answer by other peer
to adapt their strategy use during they were trying to understand the issue
conceptually. Also, students used looking for key components and highlighting
important information actions during their structuring the component and the text
frequently. This may refer that collaborative pairs mostly focus on detecting the
related information or component during answering the questions. Similarly to this,
collaborative pairs referred focusing on specific exhibition unit component. As a final
highlighted metacognitive action, students reflected on progress for their
collaborative activity. This may refer that students made their steps in align with the
collaborative pair during the activity. And, it seems from the field notes that, student
pairs who had higher level of collaboration reflected on the progress for their

collaborative activity.

In the collaboration phase, although evaluating is an important leg of the students’
metacognitive actions during their collaborative activity, students demonstrated low
frequencies in evaluating actions. However, the most observable result had the lower
frequency included the checking correctness of conceptual understanding. Indeed,
students used checking completeness of the conceptual understanding/definition in
higher frequencies compared to the correctness of conceptual understanding. This

may refer that students passed to the other question without verifying it.

As a final summary of the diagram in Figure 4.10, self-, other-, shared-, and non-

access metacognition emerged in a time-based manner throughout the collaborative
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activity. From the field notes, and notes taken during the video analysis, although
each student group was paired based on their gender and proximity within the class,
at the beginning of the collaborative activity they refer to metacognitive actions
which are based on the self-point of views. In a timely manner, especially students
who were collaborative pairs from low performer students in science courses,
showed metacognitive actions related to other-perspective. However, the students
who were believed as low performers (regarding their grades and teacher’s
statement) showed no signal regarding the metacognitive actions. Although these
students were exposed to the guidance tour for the prior knowledge and showed
conceptual understanding on the diagnostic paper test after the science center visit,
they had difficulties to verbally define their prior self-experiences and understand
other’s verbal accounts. This might refer to a non-access (suspended) metacognition
in which students do not have any awareness for the definition of either self or other’s
metacognitive actions. However, they frequently used pointing behaviors and
repeating after confusion actions, although they could not verbalize their
metacognitive experiences and connect them with their previous experience. Finally,
shared metacognitive actions occur when collaborative pairs shared a common

ground when the higher level of conceptual understanding occurred among the pairs.
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Figure 4.13 Complete diagram of students’ actions related to metacognitive

processes during collaborative activity
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(a) Orientating: This category refers to students’ channeling for the
collaborative work. It revealed three main themes as (i) content orientation,
(i) task analysis, and (iii) awareness of task perception. These three main
themes also divided into sub-themes and had characteristics occurred
regarding individual and inter-individual metacognitive regulatory
processes. Table 4.28 shows the overall frequencies for orientating action.

Table 4.28 The number of frequencies being observed for orientating action during
all units

Number Frequ_ency
Sub-Themes of the of being
pairs (n) observed
()
Orientating 30 4396
Content Orientation (CO) 30 728
Activating prior knowledge (APK) 30 644
Hypothesizing (H) 30 84
Task Analysis (TA) 30 3556
Processing task demands (PTD) 30 84
Establishing task demands (ETD) 30 1988
Exploring task demands (ETD) 30 1484
Awareness of task perception (ATP) 30 112
Considering other perceptions beforehand 30 56
Reflecting on one’s efficacy beforehand 30 28
Reflecting on task difficulty beforehand 30 28

In orienting category, while the most observed theme was task analysis (f=3556), the
least observed theme was awareness of task perception (f=84). Table 4.28 presents

the details regarding main and subthemes of orientating.

a. Content Orientation: This theme refers to students’ orientation to the
content before planning the collaborative activity. It revealed two
sub-themes which are activating prior knowledge, and hypothesizing.
First, activating prior knowledge was triggered by in-class

knowledge, and by prior experience from the guidance session. Also,
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both activating prior knowledge, and hypothesizing sub-themes
resulted in different frequencies for three characteristics which are by
conceptual relations, by daily life examples, and by exhibition unit
components / physical characteristics.

. Task Analysis: Task analysis refers to students’ analysis processes
before the planning session considering the task demands and the
subject matter area. This theme revealed three sub-themes which are
establishing task demands, exploring task demands, and processing
task demands. First, establishing task demands refers to the students’
detection of the task demands before they begin to plan the
collaborative activity. It revealed following metacognitive actions:
reading learning objectives, reading task questions, rereading
learning objectives, rereading task questions, quoting task questions
and paraphrasing task questions. The following excerpt was an
example of exploring task demands including reading learning
objectives. This scene began by that Stul looked at the eyes of Stu2
in the time that Stu2 was looking at the learning objectives area on
the worksheet. Then, Stul looked at the 3d Sand Pool and turned
one’s wyes to the learning objectives area of the worksheet. At the
same time, Stu2 mentioned the inconsistency between the learning

objective and the selected exhibition unit.

[1] Stul: (Stul is looking at Stu2’s eyes.).

[2] Stu2: Okay. (Stu2 is looking at the first part of the
worksheet. (learning objectives area))

[3] Stul: (Stul is turning one’s eyes to the direction in align
with the 3d Sand Pool.)

[4] Stul: (Stul is looking at the first part on the worksheet
(learning objectives area))

[5] Stu2: But, I will say something, the thing here and the sand
are not the same thing.

245



Also, exploring task demands refers to the students’ exploration
regarding the components of the given task and the subject matter
area. It also revealed following metacognitive actions: reading
general title from the worksheet, looking for the number of questions
from the worksheet, global worksheet screening, global exhibition
unit screening, reading general title from the exhibition unit, and
looking for the components of the exhibition units. The following
excerpt was an example for global worksheet screening. In this scene,
Stul and Stu2 were looking at the worksheet, synchronously. Then,
Stul turned the page and looked the image of 3d Sand Pool exhibition
unit before they began to answer the questions. Synchronously, Stu2

looked at the image of 3d Sand Pool.

1] Stu2: (Stu2 is looking at the worksheet)

2] Stul: (Stul is looking at the worksheet)

3] Stu2: Yes.

4] Stul: (Stul is turning the page.)

5] Stul: (Stul is looking at the image of 3d Sand Pool)
6] Stu2: (Stu2 is looking at the image of 3d Sand Pool)

e

Similarly, the following excerpt represents an example for reading
general title from the exhibition unit. Table 4.29 demonstrates the
movement sequence of collaborative partners during their orientating
action for establishing the task demands. In this scene, Stul and Stu2
were approaching to the Bernoulli’s Ball exhibition unit [1, 2]. Then,
synchronously, Stul and Stu2 were looking at the title of the
Bernoulli’s Ball [3, 4]. Stul got closer to the exhibition unit compared
to Stu2 and pointed to the title on the exhibition unit with her finger
[5]. Then, Stul and Stu2 synchronously read the title [6]. And, Stul
gave a signal by saying “Yes” before they began to conduct the
experiment. Finally, Stul and Stu2 looked at the ball component [8,
9].
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Table 4.29 Eye movement sequence of collaborative pairs during their
establishment of the task demands

Focus type

General focus

Specific focus

Specific focus by

emphasizing

Movement Sequence

[1] Stul: (Stu is looking at the Bernoulli’s Ball) Let’s look at this
name.
[2] Stu2: (Stu2 is looking at the Bernoulli’s Ball)

[3] Stul: (Stul is looking at the title of the Bernoulli’s Ball,
English version)

[4] Stu2: (Stu2 is looking at the title of the Bernoulli’s Ball,
Turkish version)

[5] Stul: (Stul is pointing to the title on the exhibition unit with
her finger)
[6] Stu2: (Synchronously read) Bernoulli’s Ball.
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Table 4.29 (Cont.) Eye movement sequence of collaborative pairs during their
establishment of the task demands

Focus type

Movement Sequence

Specific focus to

the related

exhibition unit

components
[7] Stul: Yes.
[8] Stu2: (Stu2 is looking at one of the core components, ball)
[9] Stul: (Stul is looking at the core components, ball and blower,
in a faster way)
c. Awareness of task perception: Becoming aware of task perception

refers to the students’ awareness regarding the person, and task
variables which could be observed by the metacognitive actions
including reflecting on question-difficulty, reflecting on one’s self
efficacy, and considering other task perceptions. The following
excerpt gathered during the study was an example to considering
other task perceptions sub-theme. In this scene, Stul and Stu2 were
searching for an exhibition unit to fulfill their aims to complete the
scientific concepts within the related lesson unit. Stul and Stu2 began
to look at each other at a synchronous time. Then, Stu2 made a visual
search on the science center environment while Stul looked at the
worksheet. This scenario illustrates Stul and Stu2 considered other

task perceptions throughout their journey to reach the activity

purpose.
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[1] Stu2: (Stu2 is looking at Stul’s eyes.).

[2] Stul: (Synchronously, Stul is looking at Stu2’s eyes.) In
fact, gas...

[3] Stu2: Gas pressure.

[4] Stul: With pressure.

[5] Stu2: Would want.

[6] Stul. Related. Yes.

[7] Stu2: But. (Stu2 is looking at the environment for visual
search.)

[8] Stul: (Stul is looking at the worksheet)

[9] Stu2: Not here.

(b) Planning: This category refers to students’ planning activities before and
during the collaborative work. Therefore, it revealed two main themes as (i)
planning in advance, and (ii) interim planning. While planning in advance
refers to the planning action before students’ collaborative work, interim
planning refers to the in-situ and in-time planning action during students’
collaborative work. Both planning in advance and interim planning revealed
two sub-themes as planning solving task approach and distributing role of the
duties. And, planning solving task approach sub-theme revealed three
planning action for both main theme as developing reading plan, developing
action plan, and considering various alternatives for solving the task. Besides,
distributing role of duties refers to the distribution of roles among the students

which had been emerging during their collaborative work.
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Table 4.30 The frequencies being observed for planning action

Number Frequgncy

Sub-Themes of the of being

pairs (n) observed
()
Planning 28 980
Planning in Advance (PA) 28 532
Planning solving task approach 28 420
Developing reading plan 28 28
Developing action plan 28 280
Considering various alternatives for solving task 28 112
Distributing role of duties 28 112
Interim Planning (IP) 28 448
Planning solving task approach 28 224
Developing reading plan 28 56
Developing action plan 28 112
Considering various alternatives for solving task 28 56
Distributing role of duties 28 224

a. Planning in Advance: Developing action plan sub-theme in the scope
of planning in advance main theme refers to students’ planning action
before they begin the hands-on practice on how they will answer the
questions. The following excerpt (Table 4.31) was an example for
developing action plan within planning in advance. This movement
sequence demonstrates the interaction between Stul and Stu2. They
both began to make sense of the exhibition unit by aligning their gazes
to each other. Then, while Stu2 explained regarding the working
procedure of the exhibition unit, Stu2 was following Stul’s eyes.
Since Stu2 was in the explainer role, Stu2 was focusing on the
specific area which was the related exhibition unit component. Stu2
was planning how the exhibition unit components should be placed.

And, Stul confirmed this plan.
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Table 4.31 Movement sequence of collaborative pairs during developinc action
plan for planning in advance

Focus Type

Movement Sequence

Eye focus

[1] Stu2: (Stu2 is holding the cone. Stu2 is looking at Stul’s eyes.)
[2] Stul: (Stul is holding the ball. Stul is looking at Stu2’s eyes,
synchronously)

Specific focus to
the related
exhibition unit

component

Eye focus

[3] Stu2: (Stu2 is looking at the blower) Now, when we cut off the
air, the ball stopped. It was coming down.

[4] Stul: (Stul is looking at Stu2’s eyes. And, synchronously said:)
It was coming down.

Specific focus to
the related
exhibition unit

component

Eye focus

[5] Stu2: (Stu2 is looking at the ball)
[6] Stul: (Stul is looking at Stu2’s eyes)
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Table 4.31 (Cont.) Movement sequence of collaborative pairs during developinc
action plan for planning in advance

Focus Type Movement Sequence

Specific focus to
the related
exhibition unit

components

[7] Stu2: (Stu2 is looking at the cone.)

[8] Stu2: Now, we will put this tool here.

[9] Stul: (Stul is looking at the Stu2’s arm during Stu2 was putting
the cone on the blower.)

Eye focus

(b) Interim Planning: Developing action plan sub-theme in the scope of interim
planning main theme refers to students’ planning action during they are doing
the hands-on practice. The following excerpt (Table 4.32) was an example
for developing action plan within interim planning. This movement sequence
represents the interaction between Stul and Stu2 during they were doing the
Air Bubble Race exhibition unit. After they had already planned what they
would do during they were doing the exhibition unit, they planned their
actions in the need of an alignment for a stepwise demonstration. Stul and
Stu2 began by looking at the information card. After, Stul leaded the
movement sequence by saying “Let’s show one first”, Stul directed Stu2 as
“Lift it” so that Stu2 was prepared to lift the pomp. In a synchronous way,
while Stul was looking at the tube and the pomp managed by Stu2, Stu2 was
looking at the tube and the pomp managed by Stul. Then, they aligned
themselves by counting before pushing the pomp and observe the differences

for the air bubbles.
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Table 4.32 Movement sequence of collaborative pairs during developinc action
plan for interim planning

Focus Type Movement Sequence

Specific focus on

the text

[1] Stul: Let's show one first. (Stul is looking at the information
card on the exhibition unit)

[2] Stu2: (Stu2 is looking at the information card on the exhibition
unit)

Specific focus to
the related

exhibition unit

component
[3] Stul: Lift it. (Stu2 is looking at the glycerin with water tube
Cross eyes and the pomp related to it.)
[4] Stu2: (Stul is looking at the water tube and the pomp related to
it.)

Specific focus to
the related

exhibition unit

component

[5] Stu2: (Stu2 is looking at the pomp belonged by glycerin with
Cross eyes water tube.)
[6] Stul: (Stul’s eyes transitioning between water tube and the
pomp belonged by it.) At the same time.
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Table 4.32 (Cont.) Movement sequence of collaborative pairs during developinc
action plan for interim planning

Focus Type Movement Sequence

Specific focus to

the related
exhibition unit
components
[7] Stul: One, two, tree. (Stul is pushing the pomp for water tube.
Cross eyes Stul is looking at the bubble rising below for glycerin with

water tube.)

[8] Stu2: One, two, tree. (Synchronously with Stul. Stu2 is pushing
the pomp for glycerin with water tube. Stu2 is looking at the
bubble rising below for the water tube.)
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(c) Monitoring: This category refers to students’ instant observation regarding

own, other’s, and shared strategy use, progress, and comprehension. It

revealed three main themes as (i) monitoring of strategy use, (ii) monitoring

of progress, and (iii) comprehension monitoring (see Table 4.33).

a.

Monitoring of strategy use: This theme revealed five sub-themes
which are text structuring, component structuring, selective
component navigation, and adapting strategy use. First, text
structuring refers to students’ monitoring action during they are
making sense of the given text from the worksheet. This strategy use
included highlighting important information, making notes on the
worksheet, and schematizing by text/pen. Second, component
structuring refers to students’ monitoring action during they are
making sense of the exhibition units associated to the related
scientific concepts. This strategy use included looking for key
components, making mind notes, and schematizing by hand. Third,
selective component navigation refers to focused observation of the
exhibition unit related to its components and potential relation to the
scientific concepts. It included two monitoring actions as focusing on
specific exhibition components, and scanning exhibition unit. Finally,
adapting strategy use was the final monitoring action under the
monitoring of strategy use. It refers to adaptation of the strategies
during their instant observation for enhancing the one’s and other’s
capacities for the conceptual understanding. It included four
monitoring actions as re(reading) aloud, re(reading) important
information, re(reading) after confusion, adapting reading pace. And,
re(reading) refers to monitoring of one’s and other’s strategy use
regarding the repetitive reading to make sense of the given texts or

exhibition units.
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Component structuring under the structuring related to monitoring of strategy
use refers to students’ adaptation to the task instructions by drawing their
main outline. By pointing to (underlining) core concepts means that students
either point out the specific exhibition unit component related to the core
concept or they underline the core concepts from the given text. Second,
schematizing task instructions refers to students’ drawing (real or imaginary)
of the task instruction to visualize it. The following interaction between Stul
and Stu2 illustrates an example for pointing to core concepts within Sand
Pendulum exhibition unit. In this exhibition unit, there is a rope and a handle.
Also, one’s hand plays an important role to underline the core concepts. By
the hand, the student applied a force and before applying the force, students
structure the task instruction. For this excerpt, Stul is in the directing role

and synchronously Stu2 orient oneself to follow other student’s direction.

1] Stul: Because to here. (Stul is looking at the hand by pointing)

2] Stu2: (Synchronously, Stu2 is looking at the handle)

3] Stul: When you did something with your hand. Do it.

4] Stu2: (Synchronously, Stu2’s hand is approaching to handle on
exhibition unit during Stul tells about the functioning related to
the exhibition unit)

[
[
[
[

Similarly, the following excerpt illustrates an example for schematizing.

Stul used one’s hand to schematize the instruction.

[1] Stul: Here. (Stul is looking at the box)

[2] Stul: In.. when we pour the sand. (Synchronously, Stu2 is
following Stul’s instruction)

[3] Stul: (Stul moved one’s hand as making “hand pouring”
behavior. The hand is at the bottom). In the direction of the force
we push this, this is going, coming.

[4] Stu2: Yes.

[5] Stul: At that time, the sand is pouring and drawing shape. (Stul is
looking to the worksheet from the sand box.)
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b. Monitoring of progress: This main theme revealed two sub-themes
which are reflecting on progress, and checking of progress. While
reflecting on progress included reflecting on the proposed solution,
reflecting on the quality of the progress made, reflecting on the
strategy use and reflecting on the collaborative activity, checking of
progress included error detection/plus correction, noticing
differences, and noticing correct answer. First, reflection on the
strategy use refers to the progress monitor during students’ strategy
use such as reading, scanning, adapting, or structuring. Second,
reflecting on the proposed solution refers to the progress monitor
during and after solving the problems / answering to the questions.
Third, reflection on the quality of the progress made refers to
students’ monitor of the progress throughout the collaborative work.
Finally, reflecting on the collaborative activity refers to students’ own
and other’s contribution to collaborative work and it closely
interrelated with the potential change for the distribution of the roles.

c. Comprehension monitoring: This main theme revealed five sub-
themes which are noticing lack of comprehension, claiming
understanding, demonstrating comprehension by repeating, and
demonstrating comprehension by elaborating, and demonstrating
comprehension by questioning. First, noticing lack of comprehension
refers to students’ remark of own and other’s comprehension failure
during the collaborative work. Second, claiming understanding
revealed two sub-themes as concluding on the exhibition unit, and
questioning the activity occurred by the exhibition unit. While
concluding on the exhibition unit refers to students’ conclusion or
causal relationship regarding the working principles of the exhibition
unit, questioning exhibition unit action refers to students’ effort for
understanding the working principles of the exhibition unit. Third,

demonstrating comprehension by repeating revealed two sub-themes
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as quoting text content, and paraphrasing text content. While quoting
text content refers to students’ reference to the text content during the
comprehension, paraphrasing text content refers to students’ own
statements for the text content during the comprehension. Finally,
demonstrating comprehension by elaborating included three
monitoring actions as interpreting text contents, relating text content,
and relating exhibition unit. Interpreting text contents refers to
students’ own understanding from the given texts. Also, relating text
content refers to students’ monitoring action by setting relationships
between the given text and the scientific concept. On the other hand,
relating exhibition unit refers to students’ effort for setting the
relationship between the working principle of the exhibition unit and

the scientific concept.
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Table 4.33 The frequencies being observed for monitoring action

Sub-Themes n f

Monitoring 30 4712
Monitoring of strategy use (MoSU) 30 2914
Structuring 30 705
Component structuring 30 567

Looking for key components 30 392

Making mind notes 25 50

Schematizing by hand 25 125

Text structuring 28 138

Highlighting important information 6 28

Making notes on worksheet 28 456

Schematizing by text 2 10

Selective component navigation 30 230
Focusing on specific exhibition components 28 146

Focused scanning exhibition unit 28 84
Adapting strategy use 30 1979
Rereading aloud 30 1036

Rereading important information 30 56

Rereading after confusion 30 112

Adapting reading/acting pace 25 775

Monitoring of progress (MoP) 25 549
Reflecting on progress 25 316

Reflecting on the proposed solution 25 50

Reflecting on the quality of the progress made 21 175

Reflecting on the collaborative activity 22 25

Reflecting on the strategy use 23 66

Checking of progress 25 233

Error detection plus correction 24 82

Noticing differences 25 87

Noticing correct answer 23 64
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Table 4.33 (Cont.) The frequencies being observed for monitoring action

Sub-Themes n f
Monitoring 30 4712
Comprehension Monitoring (CM) 28 893
Noticing lack of comprehension 23 144
Claiming understanding 28 186
Concluding on exhibition unit 28 140
Questioning exhibition unit action 22 46
Demonstrating comprehension by repeating 24 70
Quoting text content 24 48
Paraphrasing text content 22 22
Demonstrating comprehension by elaborating 22 344
Interpreting text content 18 160
Relating text content 22 144
Relating exhibition unit 22 44
Demonstrating comprehension by questioning 23 149
Confirmatory matched-eyes 23 121
Conflictory matched-eyes 19 28

(d) Evaluating: This category refers to student’s evaluation of own and other’s
current learning situation during and/or after collaborative work. It revealed
two main themes as evaluating learning outcomes, and evaluating learning
process.

a. Evaluating learning outcomes: This main theme revealed four sub-
themes which are checking correctness of the conceptual
understanding, checking completeness of the conceptual
understanding, checking effectiveness of the conceptual
understanding, and recapitulating answers. First, checking
correctness of the conceptual understanding refers to checking
correctness of student’s own and other’s conceptual definition.
Second, checking completeness of the conceptual understanding
refers to student’s evaluation on the completeness of the conceptual

definition. Third, checking effectiveness of the conceptual
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understanding refers to student’s evaluation regarding the conceptual
understanding whether it could be effective in defining the concepts
or not. Finally, recapitulating answers refers to students’
summarization of the answers which were given during the
collaborative work.

Evaluating learning process: This main theme revealed three sub-
themes which are reflecting on personal efficiency, reflecting on task
difficulty, and reflecting on self-efficacy. First, reflecting on personal
efficiency refers to student’s own and other’s personal evaluation
regarding their efficiency as an individual and collaborative pairs
during they were answering the questions. Second, reflecting on the
task difficulty refers to students’ evaluation on task demands
including the worksheet questions, scientific concepts, exhibition
units, and the learning path they had followed. Finally, reflecting on
self-efficacy refers to students’ evaluation of own, other’s, and shared

efficacy during and after the collaborative work.

Table 4.34 The frequencies being observed for evaluating action

Sub-Themes n f

Evaluating 28 958
Evaluating learning outcomes (ELO) 26 740
Checking correctness of the conceptual understanding 24 72

Checking completeness of the conceptual understanding 22 448
Recapitulating answers 22 220

Evaluating learning process (ELP) 24 218
Reflecting on efficiency 22 44

Reflecting on task difficulty 23 46

Reflecting on self-efficacy 16 128
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Looking Patterns (RQ3a-RQ4a)

Looking patterns revealed related metacognitive processes under four area of interest
as (a) environment, (b) exhibition-unit, (c) peer, and (d) worksheet (Figure 4.14, see
Appendix K). First of all, looking patterns for the environment included eye
movement behaviors as focusing on exhibition unit at a distance, looking to a blank
during silence, visual search for a complementary exhibition unit, visual search for
a knowledadgable person, visual search for an information card, visual search for
familiarization, and visual search for related-exhibition unit. Second, looking
patterns for exhibition unit included acting without being directed, explanation on
information card, focusing on components, global screening, noticing differences
after acting, title on information card, tracking other’s direction during acting,
tracking other’s explanation during visiting/looking, and tracking self-direction
during acting. Third, looking patterns for peer included looking at face/eye with no
eye-contact, matched-eyes, traking of looking direction without any eye contact,
tracking of other’s hand movement, and tracking of other’s pointing. Finally, looking
patterns for worksheet included re/visiting worksheet components, answer area,
global screening, global screening across the pages, image, number, purpose
Statement, question, tracking of other’s reading, tracking of other’s writing, and

looking at the written answers.
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R~ g3

WORKSHEET EXHIBITION UNIT

Figure 4.14 Analysis of looking patterns considering four environmental structures

To summarize the looking patterns and associate them with the metacognitive
processes, Figure 4.15 shows each environmental structure. Looking patterns
showed that when one of the collaborative pairs looked at the other one, this looking

behavior can be related to monitoring related actions.

263



Metacognitive process related looking patterns

C55 7 1
Orientating Planning ‘ Monitoring Evaluating
Environment Exhibition-unit Peer Worksheet
ffocusing on exhibition acting without being ‘ faceleye with no eye- | (re)visiting worksheet
‘ unit at a distance directed contact | components
|
to a blank during explanation on matched-eyes

silence

visual search for a
complementary
exhibition unit

\

visual search fora
knowledgeable
person

visual search for an
information card

visual search for
familiarization

| visual search for

irelated exhibition unit

decisive scanpath

" indecisive scanpath

information card

tracking of looking

global screening

noticing differences |
after acting

|

title on information
card

tracking other's
direction during acting

| tracking other's
explanation during
visiting/looking

i

tracking self-direction
during acting

focusing on A7 /
direction without eye-
components contact
tracking of other's

|

hand movement

global screening ]

across the pages |

fracking other's
explanation during
visiting / looking

tracking self-direction
during acting

A

: image
1
i
number
purpose statement
question

tracking of other's
reading

tracking of other's
writing

tracking of own
writing

written answers

—

—_—

decisive scanpath

=

Figure 4.15 Diagram for students’ looking pattern associated metacognitive
processes
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Students Macro-Level Results for the Collborative Activity

Written Results of Collaborative Activity
Correct and Incorrect Use of Concepts

The frequencies of correct and incorrect use of the concepts being written at students’
worksheets during their collaboration activity for the selected exhibition units. The
correct and incorrect use of concepts were counted per week: (a) force and pressure,
(b) energy transformation, (c) mirrors and light absorption, and (d) solar system and

beyond.

(a) Force and Pressure: This week included five exhibition units within the
worksheet. While the total number of correct use of the concepts for the
force and pressure week was 132, the total number of incorrect use of the
concepts was only two. The selected exhibition units were 3d Sand Pool,
Air Bubble Race, Bernoulli’s Ball, Hot Air Balloon, and Sand Pendulum.
Table 4.46 illustrates how many correct and incorrect use of the concepts

occurred for the concepts related to force and pressure.
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Table 4. 35 The number of correct and incorrect use of the concepts occurred for
the concepts related to force and pressure

Correct Use of  Incorrect Use of
Themes and Sub-Themes

Concepts Concepts
Force and Pressure
Air flow | 0
Air pressure 11 0
Density 5 0
Depth 5 0
Energy 1 0
Force 23 0
Friction 1 0
Gravitation | 0
Gravitational force 3 0
Gravitational potential energy | 0
Heat 4 0
Height 6 0
Liquid pressure 3 0
Moving air 6 0
Pressure 19 0
Resultant force 2 0
Solid pressure 1
Stagnant air 4 1
Surface area 12 0
Velocity 2 0
Warmed air 0
Weight 10 0

(b) Energy Transformation: This week included four exhibition units within the
conceptual diagnostic paper. They were 3d Sand Pool, Guess Who Wins,
Measure Your Power, and Pedal Force. Energy Transformation revealed 18
correct use for describing the working principles by using concepts in 3d
Sand Pool (Nenergy = 10, Nmass= 5, and Nuweight = 3), 38 correct use of concepts

in Measure Your Power (Ngravitational potential energy = 3, Nkinetic energy = 16, Nforce =
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10, Nenergy = 5, Npressure = 3, Nwork = 2, and Nair energy = 1), 40 correct use of
concepts in Guess Who Wins (Npotential energy = 9, Nkinetic energy = 10, Nforce = 2,
Nmass = 6, and Nweight = 10) and 78 correct use of concepts in Pedal Force
(Nkinetic energy = 15, Nforce = 7, Nenergy = 35, Nelectrical energy = 9, Nwork= 3, and N
energy transformation = 9) out of 33 students. On the other hands, Energy
Transformation revealed three incorrect use for describing working
principles by using concepts in 3d Sand Pool (Nforce= 1, Nheight= 1, and Npressure
= 1), six incorrect use of concepts in Guess Who Wins (Nforce = 1, Nweight= 2,
and Npressure = 3), 40 correct use of concepts in Measure Your Power (Nelectrical
energy = 1, Nfriction= 1, and Npressure = 1) and three incorrect use of concepts in

Pedal Force (Nfriction = 2, and Nsavingszl).
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Table 4.36 The number of correct and incorrect use of the concepts occurred for the
concepts related to force and pressure

Correct Use of  Incorrect Use of
Themes and Sub-Themes

Concepts Concepts
Energy Transformation
Air 5
Depth 4
Electric 2
Electrical energy 2
Energy 28
Energy transformation 3
Force 20
Friction 1

Friction force

Gravitational potential energy

(== S Y = S = = = = = = = = - L I = i e = = = =)

Heat energy

Height 14
Kinetic energy 14
Light 8
Potential energy 2
Solid pressure 1
Sound 6
Surface area 1
Velocity 14
Volume 5
Weight 15
Weight distribution 1
Work 7

(c) Mirrors and Light Absorption: This week included three exhibition units
within the conceptual diagnostic paper. They were Countless Color,
Monochrome Room, and Touch the Spring. Mirrors and Light Absorption
revealed 14 correct use for describing working principles by using concepts
in Countless Color (Ncolor = 10, Niight= 3, and Niignt reflection= 1), 16 correct use

of Concepts in Monochrome Room (Nabsorption: 2, Ncolor: 8, Nfrequency: 1, Nlight

268



reflection = 3, Niight refraction= 1, and Nwhite light = 1), and 17 correct use of concepts
in Touch the Spring (Nconcave mirror = 1, Nmirror = 8, and Nreflection = 8) out of 12
students. On the other hand, Mirrors and Light Absorption did not reveal any
incorrect use of concepts.

Table 4.37 The number of correct and incorrect use of the concepts occurred for
the concepts related to force and pressure

Correct Use of  Incorrect Use of
Themes and Sub-Themes

Concepts Concepts
Mirrors and Light Absorption

Absorption 15 0
Color 255 0
Concave mirror 17 4
Convex mirror 8 15
Flat mirror 21 2

Light 66 0
Mirror 75 0
Optical illusion 1 0
Prism 5 0
Reflection 29 0
White light 58 1

(d) Solar System and Beyond: This week included four exhibition units within
the conceptual diagnostic paper. They were Constellation Viewer, Gravity
Well, Solar System Model, and Summer Sun / Winter Sun. Solar System and
Beyond revealed 38 correct use for describing working principles by using
concepts in Constellation Viewer (Nconstellation = 21, and Nsta= 17), 48 correct
use of concepts in Gravity Well (Ndistance to sun= 2, Nbiack hole= 16, Ngravitational
force = 17, Nplanets = 6, and Nsolar system= 1), 49 correct use of concepts in Solar
System Model (Ndistance to sun = 12, Npianets = 22, and Nsolar system = 15), and 41
Summer Sun Winter Sun (Naxial titt= 17, Ndistance to sun= 16, Nheatess= 3, and

Nseasons= 5) out of 22 students. On the other hand, Solar System and Beyond
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revealed one incorrect use for describing working principles by using

concepts in Summer Sun Winter Sun (Ngataxy = 1).

Table 4.38 The number of correct and incorrect use of the concepts occurred for the
concepts related to force and pressure

Themes and Sub-

Correct Use of Concepts Incorrect Use of Concepts
Themes
Solar System and
Beyond
Axial tilt 4 0
Celestial body 19 0
Constellation 6 0
Distance to sun 3 0
Earth 52 0
Jupiter 1 0
Light year 10 0
Mars 21 0
Mercury 1 0
Moon 0
Neptune 6 0
Orbit 14 0
Planet 81 0
Saturn 1 0
Season 14 0
Solar system 16 0
Space 20 0
Star 89 0
Sun 64 0
Telescope 2 0
Uranus 1 0
Venus 2 0

Students’ Reasoning and Evaluation Outputs on the \Worksheet

Table 4.50 shows students’ coding for their writings on the worksheets during their
collaborative activity. The results revealed five main themes under two categories

which are written texts inferring to reasoning and inferring to evaluation. The
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reasoning category includes three main themes as causal reasoning, faulty
reasoning, and comparative reasoning; whereas, the evaluation category includes
two main themes as evaluation of the exhibition unit (context variable), and
evaluation of the self (person variable).

Table 4.39 Themes for students’ writings on the worksheets during their
collaborative activity

Themes and Sub-Themes FP ET MLA SSAB

Causal reasoning
Conceptual Relations

Conceptual 5 15 73 31
Spatial 17 10 15 30
Physical 17 16 28 24
Physical Relations
Spatial 7 7 7 27
Visual 5 4 56 13
Faulty reasoning 8 23 43 6

Comparative Reasoning
Conceptual Relations

Conceptual 4 11 0 12
Spatial 0 6 4 7
Physical 4 4 6 4
Physical Relations
Spatial 0 1 1 7
Visual 3 1 5 15
Evaluation of the exhibition unit
(context)
Conceptual match 9 3 14 29
Phenomenal match 10 3 8 16
Physical match 0 3 7 27
Evaluation of the self (person)
Goal setting 29 23 67 63
Goal monitoring 4 16 85 48
Goal assessment 36 76 99 66

The students demonstrated two main ways for causal and comparative reasoning
based on conceptual relations and physical relations. While conceptual relations
included reciprocal relations during causal reasoning with conceptual, spatial and
physical utterances, physical relations included reciprocal relations during causal
reasoning in align with the spatial and visual utterances. Also, students’ circular
reasoning or reasoning outputs demonstrating misinterpretation or misunderstanding

of the phenomenon were counted as faulty reasoning. In addition to written texts
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inferring to reasoning, students demonstrated three main ways for both the
evaluation of the exhibition unit (context variable), and the evaluation of the self
(person variable). While students evaluated the exhibition units during the selection
of them based on their conceptual match, phenomenal match, and physical match,
they evaluated themselves based on the goal setting, monitoring, and assessment
procedures. The frequencies obtained for all main and the sub-themes were
categorized per week: (a) force and pressure, (b) energy transformation, (c¢) mirrors

and light absorption, and (d) solar system and beyond.

(a) Force and Pressure: This week included five exhibition units within the
worksheet. While the conceptual relations revealed five, 17, and 17
statements regarding the conceptual-conceptual, conceptual-spatial, and
conceptual-physical relations, the physical relations revealed seven, and five
statements regarding the physical-spatial, and physical-visual relations. Also,
faulty reasoning revealed eight statements for this week. In addition to causal
and faulty reasoning, students uttered a total of eight statements referring to
comparative reasoning based on the conceptual relations, and three
statements referring to comparative reasoning based on the physical
relations. The following excerpt illustrated an example for faulty reasoning.
The students had a faulty reasoning based on the physical attributes. The
students saw the air bubble and they relate the air bubble with sending the
water rather than applying a force to the pomp and having an air bubble with

different dimensions due to the density of the liquids:

“The water inside the hole goes up when we send the other water
to the air.” [Quotation 64, Appendix I]

Second, students matched the exhibition units with the current subject
conceptually by nine times, and phenomenally by ten times. However, there
was not physical attribution to the exhibition unit. Besides, students
evaluated themselves during their collaborative activity. 29 of students’

statements were related to goal setting process; whereas four of the
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statements were related to goal monitoring, and 36 of the statements were

related to the goal assessment.

(b) Energy Transformation: This week included four exhibition units within the

(©)

worksheet. They were 3d Sand Pool, Guess Who Wins, Measure Your
Power, and Pedal Force. Energy Transformation revealed 23 utterances for
goal setting, 16 utterances for goal monitoring and 76 utterances for goal
assessment. Also, students rarely matched the exhibition unit by
conceptually, phenomenally, and physically for the evaluation of the
exhibition unit regarding the current lesson unit. Besides, the results revealed
23 utterances for the example of faulty reasoning.

Mirrors and Light Absorption: This week included four exhibition units
within the worksheet. They were Countless Color, Monochrome Room,
Infinite Views, and Touch the Spring. The results revealed 73 utterances for
conceptual to conceptual relations during students’ causal reasoning. Also,
43 utterances of faulty reasoning occurred. The most of the frequencies
occurred for faulty reasoning were related to the abstract terminologies which
were observable physical phenomena such as light absorption (seeing the red
color during the yellow light is open) or mirror reflection (image view via
convex or flat mirrors). Besides, students evaluated themselves more
frequently related to their goal assessment. This might be the reason to have
encouragement or need for the confirmation related to the concepts for

mirrors and light absorption.

(d) Solar System and Beyond: This week included four exhibition units within

the worksheet. They were Constellation Viewer, Gravity Well, Solar System
Model, and Summer Sun / Winter Sun. The results revealed six faulty
reasoning by students during the collaborative activity. Besides, students
matched the exhibition units with the current lesson unit more frequently.
Also, students evaluated themselves during their collaborative activity more

frequently related to goal setting, and goal assessment.
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Students’ writings on the worksheet referring to reasoning and evaluation

Reasoning Evaluation
Causal reasoning Evaluation of the exhibition unit
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Figure 4.16 Diagram for students’ writings on the worksheet referring to reasoning
and evaluation
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CHAPTER 5

DISCUSSON, CONCLUSION AND SUGGESTIONS

This chapter includes discussion, conclusion and suggestions sections of the study.
The chapter began with the discussion of the findings for the current practices with
the subtitles educational and organizational current practices respectively. After all,
the findings of the multiple case study contended guidance and collaboration phases
in the light of other studies related to metacognitive processes. Finally, suggestions
for practitioners and policy makers and suggestions for further researches proposed
alternative ways to implicate the findings or conduct the research regarding the future

considerations.

5.1 Discussion

This thesis study investigated 7™ grade students’ metacognitive processes during and
after collaborative learning activities within science center contexts as a multimethod
study. Due to the complex nature of the science center contexts, it needs to
investigate the current practices of them. Thus, at the first hand, this study
investigated the current practices of science centers in Turkey to provide a
comprehensive guide for both educational and organizational processes from the
perspective of instructional design. And, at the second hand, a further research-
driven instructional design examined students’ metacognitive processes during
collaborative activities within science center environments. The findings suggest that
instructional design is a holistic process and taking both science center educators’
and students’ metacognitive processes into consideration might increase the

effectiveness of instructional design.

275



51.1 Current Educational and Organizational Practices in Science

Centers

Current practices in science centers divided into two main categories as current
educational practices and current organizational practices that are closely related to
instructional design and educational effectiveness in science centers. While current
educational practices emerges sub-categories as designing instruction and
enhancing collaboration, current organizational practices emerges sub-categories as
barriers, expectations, needs, and solution attempts. Science center educators’ and
science teachers’ experiences regarding the educational and organizational practices

were stated in the light of the related literatures in the following sections.

The current practices study investigated the educational practices of science centers
under the lens of science center educators’ and science teachers’ experiences.
Science center educators’ experiences and verbal accounts were the primary
qualitative data for the study. Designing instruction and enhancing collaboration
themes under the current educational practices evaluated the metacognitive-oriented
interventions implemented for the science center activities. Before discussing the
current educational practices and current organizational practices, a summary is
needed by illustrating their overall diagrams. While Figure 5.1 shows the overall
finding of the current educational practices; whereas, Figure 5.2 shows the overall
finding of the current organizational practices, and Figure 5.3 shows science

teachers’ experiences of science center visits.
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Figure 5.1 Findings of the current educational practices
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The research question of “What are the current educational practices in science
centers?” revealed a cyclical stepwise instructional design process based on the
science centers’ current educational practices and enhancing collaboration theme as

to guide and increase the effectiveness of the instructional design process.

First of all, emerged stepwise instructional design process includes analyzing,
designing-developing, implementing, and evaluating phases. Although it is a cyclic
stepwise process, the design and development phases intersected. And, the
evaluating phase had a reciprocal relationship with each design phase. Figure 5.4
illustrates in which direction each phase interacts with each other. During the
analysis, design and development emerged within the same theme as a phase due to
the reciprocal relationship between them. Brainstorming with colleagues moderates
the relationship between design and development due to the dynamic nature of the
science center environments. Although there is no evidence or finding in the
literature to combine design and development phases within the same theme, these
phases might show intersection in wild. So, dynamic nature of the science center
might offer three-way characteristics to promote brainstorming among colleagues:
back-end interior design issues, continual change in target population, and
adaptivity for instructional materials. First of all, back-end interior design issues
might provide a lens for combination of the design and development phases
considering the placement of interactive materials, and creation of the conversational
open areas for learning within the science center contexts. Creating renewable
instructional spaces embedded in interior design might link arms of design and

development phases so that colleagues might promote brainstorming.

Second, there is a continuous change in population regarding ages, personal traits,
and school levels so that science center educators need iterative design and
development processes serving together to provide effective instructional activities
for each population group. Lastly, adaptivity for instructional materials is also an
account for combining the design and development phases due to the existence of a
variety of lesson subjects and concepts to deliver as an instruction. Since there is not

any designed materials, such as “a toolkit for developing instruction for science
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centers”, design and development phases may continue together for adapting the
instructional materials. Iterative design processes also ensure the connectedness of
complex domains for the expert knowledge. Recently, Fries, Son, Givvin, and Stigler
(2020) offered a practices connections framework where there needs a
connectedness by practicing among core concepts, key representations and contexts
and practices of the world. Thus, over time, students might create coherent
understanding regarding the concepts. This also requires a holistic approach to
instructional design to take core concepts, key representations, contexts, and the
practices of the world into account. Iterative design for the instruction for making
sense of the scientific concepts within the science center environments might
necessitates a bridge between design and development phases through the agency of

brainstorming among colleagues.

4 Evaluation Implementation

Bramnstorm

colleagues

2 b 3

Figure 5.4 An overview of designing instruction theme

After discussing why design and development phases might intersect, it needs to
mention each sub-theme as a phase. Also, each phase has sub-phases. First of all, the
analysis phase has content analysis, learner analysis, and context analysis. SCEs
mostly prefer to use school curriculum as a baseline for the content analysis rather
than referring to other science centers’ activities and in-situ experiences. Although
SCEs highlighted the importance of school curriculum as being the most prominent

source, Bamberger and Tal (2007) reported neither science center staff nor school

281



teachers connect the knowledge with their school curriculum. On the contrary to this
finding, SCEs among Turkey stated that they closely relate the concepts in the school
curriculum to the exhibition units by the help of examining the contemporary
learning objectives in the curriculum. It is an essential issue to connect the conceptual
knowledge and the practical implications for science subjects based on the lesson
objectives in the school curriculum. However, it is not sufficient to foster students’

meaning-making processes for a better conceptual understanding.

Another study of Bamberger and Tal (2008) investigated the long-term effect of
visiting a science center on students’ knowledge connection, knowledge
communication and life-long learning desire and found a positive long-term effect
among the variables. The importance of knowledge communication and knowledge
connection for the life-long learning desire necessitates learner and context analyses
as well due to need for building a bridge between scientific concepts and the
contextual variables including learner, time and space. And, the emerged analysis
phase also reveals learner and context analyses. SCEs mostly referred to age and
material characteristics for the learner and context analyses. These references might
be a complementary issue accompanying school curriculum to deliver an effective

instruction during the workshops and guided-tours.

Although SCEs’ verbal accounts ensured in the analysis phase, they take school
curriculum, age and material characteristics for a better instructional design, these
parameters are not sufficient for a better conceptual understanding. The relationship
between students’ cognitive levels and conceptual understanding might need a
variety of parameters to take into account beside the age and the material
characteristics. Marek, Boram, Laubach and Gerber (2002) investigated the
relationships between conceptual understanding and different interactive exhibits
among students who have been clustered regarding their cognitive development
levels. Findings assured that students at each cognitive development level has greater
conceptual understanding from interactive science exhibits requiring empirical-
inductive (EI) reasoning compare to interactive science exhibits requiring

hypothetical-inductive (HI) reasoning. In the study, interactive science exhibits were
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classified as requiring EI reasoning and HD reasoning. Marek et al. (2002) proposed
to museum design experts for developing and including interactive exhibition units
which pinpoint to all cognitive developmental levels since it was resulted that
exhibition units requiring HD reasoning leads to misconceptions or no understanding
of the scientific concepts for even upper elementary school students. Although the
conclusion derived by Marek’s (2002) study, in the time which does not require free-
exploration for students and provided assistance, these interactive exhibits may also
provide scientific background for the students regarding the science concepts
compatible with their science curriculums. An adaptive way for students’ cognitive
levels embedded in the material characteristics may need further investigation for

the short-term and long-term effects.

There have been few studies on the effects of the science center visit on the long-run
on students’ cognitive and non-cognitive outcomes (Falk & Dierking, 1997; Krange,
Silseth & Pierroux, 2020). The results from the current practices study showed that
during the implementing phase for the instructional desing, SCEs rarely referred to
metacognitively-oriented methods and procedures. Although they mentioned
collaborative learning, inquiry learning, learning by doing and meaningful learning
methods, students’ observed metacognitive actions does not reveal a high frequency
for planning, monitoring, and evaluating. It is critical to observe students’
metacognitive processes to make the necessary renovations on instructional
programs. It is questionable that in science center environments, why these observed
behavioral patterns aligned with the sub-dimensions of metacognitive regulation
occur and what they provide for students regarding skill and knowledge acquisition
in science-related subjects. Although SCEs reported students’ behaviors, which may
be directly or indirectly related to their metacognitive processes, it seems that there
is not much effort to manifest their metacognitive knowledge and regulation within
science center environments during self-learning activities. However, students’
monitoring of their own progress via help seeking, note taking and trial and error had
higher frequencies compared to planning and evaluating actions. The reason for this

might be directly associated with students’ need for auxiliary materials to make sense

283



of the scientific concepts. Hands-on worksheets, and directive instruction to faciliate
managing students’ metacognitive actions might be a way to enhance their self-

directed activities during their free-exploration time.

Researches on worksheet-design might give an insight on how students’
metacognitive actions can be promoted during the guided visits. Nyamupangedengu
& Lelliott (2012) conducted a collective case study with three groups of students on
how selected students use worksheets throughout their field-trips to support their
learning. Although they did not state any measurement method for learning, instant
observation of a group of student behaviors and conversations within the group
showed that the worksheets were used as a guide, a prompt to ask relevant questions
regarding the subject matter area, an instrument for maintaining focus on the subject
and a way to promote collaboration among the individual learners. Taking
worksheet-design, prompted questions and targeted exhibits into account may
propose a way to connect the exhibits with a focus on targeted subject matters for

effective gain conceptual understanding in short time duration.

As a step-forward study, Hauan & Dewitt (2017) compared four worksheet designs
to understand which may better encourage for deep engagement of students for
supporting their progress towards conceptual understanding. They compared open
exploration (a sheet to demonstrate exhibition units), traditional worksheet (with
exhibition units and questions), paper-guided learning worksheet (with exhibition
units, illustrations and guided texts on paper), and digital-guided learning worksheet
(with exhibition units, illustrations and guided texts on the tablet). They found that
four groups of students engaged in the study demonstrated differences in their
learning-related behaviors and students who used guided learning worksheets were
stated as actively patriated in learning activity among their groups. Thus, either
guided worksheets for free-exploration time, or guided tours via a SCE may require
detailed methodological and instructional steps considering the instructional design
processes. So, with a holistic approach considering ecologically friendly materials,
and the person variables during the science center visit, the implementation phase

may also provide an instruction which is not loaded on students’ cognitive
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operations. For the implementation phase, SCEs rarely referred to content
organization strategies such as simple to complex chains and use of mental break to
provide decreasing students’ cognitive loads. Altough it seems that science centers
do not consciously take students’ cognitive loads into account, revealing such

processes is also essential to offer practical instructions.

Besides, since the exhibition unit design is a significant factor in specifying an
appropriate instructional method and having potential in increasing conceptual
learning curves by triggering learners’ metacognitive acts, in-depth observation of
the interaction between exhibition units and learners may be a necessary procedure.
In the literature, it seems that various methods have been applied for the interaction
design of the exhibition units. One of the most recent methods brings eye-tracking
technology into the stage. Jung, Zimmerman, and Perez-Edgar (2018) conducted a
case study by using mobile eye-tracking to observe the interaction between a learner
and learning resources in a science museum environment for offering a methodology
in instructional design and technology researches. Jung et al. (2018) claimed that
interaction engaged by a learner within an educational source in an out-of-school
environment provides a sequence of the area of interest, which may be beneficial in
designing instructions in these dynamic environments. The absence part of the
practical suggestions for current educational practices might be overcome by

conducting such kind of researches in these dynamic and complex environments.

Studies offering an exploratory environment for the students aligned with the
purpose of the visit. Since science centers are complex environments that may cause
an increase in extraneous cognitive load, allocation of the students’ attention may be
distributed, and it may result in not focusing on the desired concepts rather than
promoting the surface-level understanding regarding the existing exhibition units. In
order to go beyond the surface-level, a facilitator for concentrating on the scientific
concepts may be provided, such as worksheets. However, worksheets are not
adequate for making students focus on the related conceptual issues without any
instructional strategy which is applied to the worksheets. Worksheets fitted to

specified instructional methods concerning the outcomes of the formative evaluation
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might provide a free-exploration opportunity to students while they are trying to
understand the concepts. Especially for novice learners, there may be a need for
guidance through worksheets or exhibition units. However, due to the lack of
financial budget, it is difficult to renovate exhibition units. Thus, offered worksheets
embedding a variety of instructional strategies may be cost-effective. However, it
needs evidence-based educational researches to determine under what conditions
which instructional strategy might be useful for which target group. So, the
collaboration between SCEs and schools occupies a vital place during the activity-
preparation stage. This issue was also discussed under the current organizational

practices.

Another featured finding was about the differences among perceived metacognitive
processes of the students. Although both the teachers and the science centers listed
their perceived metacognitive actions of the students during the interviews, teachers

had more elaborative list for the metacognitive actions.
Conclusion for Current Educational Practices

To sum up, investigating current educational practices among science centers
located in Turkey on behalf of the descriptive issues brings two main issues to the
forefront. These issues turn around designing instruction and enhancing
collaboration. Enhancing collaboration is one of the significant issues to enhance
educational effectiveness within science centers. Each agent of the educational
system including teachers, science center educators, students, and private and state
institutions, has a substantial role in enhancing educational effectiveness. Especially
during the foundation of the science centers, collaborating with other stakeholders
provides the ways to reach out to a financial budget. Thus, this financial budget
facilitates having an impact on society and adapting educational activities or
materials for educational processes. Collaborating with other science center
educators and teachers from different institutions also facilitates enhancing
knowledge among science center educators. Similarly, collaborating with diverse

stakeholders provides deciding on the theme of the science centers with the help of
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educators (academicians, other science center educators or current science center
educators). It seems that for setting the ground of educational practices, collaboration
during the foundation of the science center has a significant role and one step behind

this reveals to design the instruction to enhance educational effectiveness.

Based on the educational practices held by science centers, these descriptive
instructional design processes speculate on the sub-phases that emerged phases have.
In that sense, the analysis phase has content analysis, learner analysis, and context
analysis, respectively. SCEs mentioned that they use the school curriculum and other
science centers’ educational activities to become familiar with the content from a
variety of sources. Besides, the school curriculum accounted for the most prominent
source for the content analysis since SCEs prefer to arrange educational space
considering students’ lesson objectives to match the related concepts of them with

exhibition units or workshops.

In addition to content analysis, learner analysis is also an important issue to
determine how and under what conditions the content will be reflected to visiting
school groups. SCEs stated that they consider learners’ ages, cultural characteristics,
and interests before designing an educational activity. Learner analysis before the
design of educational activity within the science center facilitated the examination
of the activities and materials displayed to students and set ground to determine the
teaching sequence and appropriate teaching methods for the target group. Although
the selected exhibition units targeting a concept have similar characteristics, the
learners define the extent of how and in what conditions SCEs deliver the concepts
to students. One possible reason to understand learner analysis is to provide the
content under learners’ characteristics, including ages, cognitive, and metacognitive
levels. However, there are not many research processes within science centers to
understand how students act within this environment while they are engaging in
different scientific concepts. Also, learner analysis might not just be restricted with
ages and cognitive levels of students. Since during the guidance phase, SCEs

consider average or expected levels of students, it does not fit all students. Detecting
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students’ cognitive and metacognitive levels might provide finding ways to

encourage students in accomplishing to acquire the target concept.

Context analysis, on the other hand, considers the material characteristics, the
available educational space, and the possible time duration for a school group.
Specifying available educational space and time is essential for creating a school
visit plan, which also clarifies the issues on how long SCEs and visiting school
groups will have time for science center experience and what kind of lesson
objectives will be delivered to students. One possible reason to have context analysis
is to constrain the environmental factors. Stated environmental factors by SCEs are
also closely related to specifying instructional strategies. Material characteristics
such as paper-based activities, an exhibition unit that is allowing students working
in collaborative pairs, or doing the work as an individual determines the shape of the
educational activity. For now, this process is under the heal of SCEs. However, a
systematization for the context analysis might decrease SCEs’ workload and
compensate for the lack of human resources. This systematization might depend on
the modeling of each phase under what conditions students can benefit the most for

the target scientific concepts.

After the analysis phase, an intertwined phase, which is the designing-developing
phase occurs. The reason why each phase interacts with each other is that SCEs need
to brainstorm throughout the development of educational activities. This process is
also closely related with the evaluating phase under formative evaluation. During
formative evaluations, after SCEs prepared the draft educational activities, they
brainstorm on the activities with other colleagues. This brainstorm session plays a
mediator role between designing and developing phases while contributing to
formative evaluation. This session includes others’ revisions and feedback on the
functionality of the activities, the reflectivity of conceptual elements, and the
diversity for addressing different subjects. Since these brainstorming sessions set a
bridge between design and developing phases, the designing-developing phase might

be systematized by defining the sub-issues to evaluate each prepared activity. A
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rubric fitted to science centers’ purpose, available materials, and available human

resources might simplify the phase.

SCEs who stated that they have been taking school teachers’ feedbacks, subject
matter experts’ feedbacks working in universities, and addressing to school
curriculum on their draft activities either prepared for workshops or demonstrations
as a part of school visits. Formative evaluation brings positive aspects for the design-
development phase. For simplifying formative evaluation, a rubric may be prepared
for the educational activities so that more subject matter experts may evaluate short
time duration. These rubrics may support draft activities assessment objectively. In
the scope of the designing-developing phase, SCEs stated that they also consider
educational space for arranging materials, including workshops and exhibition units,

to provide a smooth transition between different conceptual elements.

The implementing phase, on the other hand, revealed three themes as sequencing
instruction, the use of instructional methods, and the use of sequencing instruction
methods. First, sequencing instruction is an essential theme divided into three stages
as preparation, guidance, and free-exploration. In the preparation stage, science
centers prepare teachers before the visit and specify the school visit group size.
Science center’s handbooks, teachers’ visits to science centers before the school
group visit, and pre-trainings by SCEs were the preparation ways of the science
center visit for the teachers. Among 13 participated science centers, 8 of them
declared to conduct the preparation stage. Although it satisfies the majority of the
science centers, the inoperative function of this stage is discussed at the current
organizational practices. All aside, the preparation of teachers for the science center
environment before school group visits is essential to enhance educational
effectiveness. Thus, teachers get knowledgeable on how they can orient the students
during the visit, how they can relate the exhibition units with the associated lesson
objectives, and how they can develop an effective collaboration during the school

group visits with science centers.
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Although few science centers reported, they involve teachers for the decision-
making processes regarding the relevance of lesson objectives with prepared
instruction or handbooks, which are including quick information regarding
exhibition units and duties that will be held on science center environments.
Unfortunately, few teachers can get involved in educational processes throughout
the school group visits. Although the preparation stage was determined to be
implemented for an effective school group visit both to include teachers into the
processes and make students gain targeted information and skills besides providing
enjoyment, efficient ways to involve teachers during the preparation stage preserves
its difficultness due to barriers in regard with collaboration. However, the effective
implementation of this preparation phase may also facilitate the effective integration
of teachers in guidance and free-exploration phases. In addition to the preparation of
teachers, specifying school group sizes by considering the available educational
space is another practice in the preparation phase. Large school groups are being
accepted for a visit by considering factors such as available educational space,
available SCEs, and teachers. The motivation behind this implication is that the
probability of having communication with SCEs and teachers, allocating adequate
time duration for exhibition units, and not having a similar experience of students on
science center visit decreases. Keeping school groups in absolute numbers may
increase the probability of having equivalent learning experience during school

group visits to the science center.

Second, the guidance stage during instruction revealed eight sub-stages as the
activation of pre-knowledge, demonstration, asking questions, taking responses,
giving feedback, giving roles to students, giving examples, and connecting the
subject matter with daily life or other exhibition units. Although the order of sub-
stages may vary depending on the science center environment and differences in
SCEs’ characteristics, sub-stages begin with activating pre-knowledge by story-
telling on the subject matter and end with relating the information to another

exhibition unit or daily life. In particular, during the transition to each exhibition

290



unit, to provide meaningful learning opportunities for the students, the exhibition

units are associated with each other or with daily life examples.

Finally, the free-exploration stage of the instructional sequence allows students to
decide to select the exhibition units they will engage freely. The level of social
interaction between students, science center educators, and teachers is a vital factor
in fostering students’ learning activities. This stage also allows observing students’
metacognitive processes under planning, monitoring, and evaluating sub-processes.
First, based on SCEs’ verbal accounts, three science centers observe the students
during their planning of the exhibition unit by setting a learning objective, reading
the information and obtaining the necessary pre-knowledge. This finding suggests
that few of the science center educators are aware of the students’ planning activity

during their self-learning.

Similarly, for monitoring, few SCEs mentioned students try to achieve the purpose
of the exhibition unit by trial and error method, inspects whether she acquires new
information, and shows help-seeking behaviors when she realizes she cannot achieve
success for her identified objective. Also, for the evaluating, one SCE reported
students might follow their progressive improvements and check the whole process
they have engaged in the exhibition unit in a summative manner. within science

center environments during self-learning activities.

The use of instructional methods is an essential issue during the implementing phase
declared by all science centers. This theme collected under four stated learning
theories as collaborative learning, inquiry learning, learning by doing, and
meaningful learning. The selection of the appropriate instructional method during
implementing depends on the content and learner characteristics. Besides, during
SCEs define the instructional sequence for the school visit groups, a content
organization such as abstract to concrete and simple to complex chains. Also, SCEs
use a time-duration (mental break) to allow students to decrease their cognitive load.

However, it seems that science centers do not consciously take students’ cognitive
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loads into account. Revealing such processes is also essential to offer practical

instructions.

Finally, evaluating is a pivotal phase interconnected to each phase. Interconnection
with analyzing, designing-developing, and implementing occurs as formative
evaluation; whereas, the end of the process results in the summative evaluation.
Summative evaluation of educational practices within the science center divided into
two evaluative processes as process evaluation and student evaluation. First of all,
process evaluation refers to summative evaluation and renewal of educational
activities regarding the level of security, intelligibility, satisfaction, and difficulty.
One reason for the importance of the process evaluation is to take the materials and
educational processes into account at the same time. Also, it tries to understand what
kind of effects constructed materials have on each agent of the science center visit.
Second, student evaluation refers to the tracking of students to evaluate their
performance promptly. It is also critical for the science center visits both to inform
science centers on their educational effectiveness and to tighten the collaboration

among schools and science centers.

As another critical issue designing instruction reveals a stepwise circular process in
which has the stages as analyzing, designing-developing, implementing, and
evaluating. It seems that the evaluating stage has a bidirectional interrelationship
with others. Also, designing and developing are interoperating at the same stage. The
findings showed that while the majority of science centers use process evaluation
through observing during implementation and adjusting activities and materials after
implementation, a minority of science centers use student evaluation. One reason for
this is that science centers have an inadequate number of science center educators to
conduct assessment and evaluation activities. Tracking students’ behaviors and
learning trajectories based on the delivered instruction is a crucial issue to predict
future instructional design issues. One possible way for this is to enhance
collaboration between teachers, schools, and science centers so that students’

progress regarding conceptual learning can be recorded.
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Current Organizational Practices

The research question of “What are the current organizatiol practices in science
centers?” revealed four issues to assure a foundation of a prescriptive instructional
design model based on the science centers’ current organizational practices. These
were collected under four sub-categories as barriers, expectations, needs, and
solution attempts. Each sub-category has common themes and sub-themes to draw

the portrait of an instructional design process of science centers.

SCEs’ perceptions revealed four essential issues related to educational space,
teachers’ effective participation, human resources, and maintaining sustainability.
And, these four facets are closely related to each other and the instructional design
process of the science centers. From a holistic perspective approach, the lack of
personnel is an important factor to offer diversed educational activities making sense
for the students’ conceptual understanding, maintaining sustabinability and
arranging education space to satisfy the students’ learning needs. To overcome this
barrier, school-science center partnership may offer a long-run positive effect on
reducing the results of restricted human resources. Houseal et al. (2014) concluded
teachers take a mediator role within a student-teacher-scientist partnership programs.
Similarly, Tal and Steiner (2006) reported that teachers who involved in the planning
the science center activities within a teacher-science center partnership program, the
educational activities had higher qualities. Besides, recent studies from Turkey
reported a gap between teachers’ expected and actual science center activities
(Karademir et al., 2020). Thus, the high level of collaboration between school-
teacher and science centers may both compansate the human resources barrier, and
provide a systematic approach to material and method selection for better conceptual

understanding.

Besides, educational space is another essential issue for organizational practices. In
this respect, the congruency between learning objectives and exhibition units is
important which may facilitate the design and implementation of a teaching sequence

(Roberts and Lyons, 2017). To provide these information for the congruency,
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interaction design for exhibition units may be one of the essential issues for defining
the educational space. Recent research by Roberts and Lyons (2017) argued the
reason why interaction between visitors and interactive exhibits did not produce
more learning talk might be the fluency of actions. Such kind of research may be
useful to specify the needs of exhibit design based on a sociocultural theory
perspective that wants to make visitors engage in exhibits in a meaningful way
(gaining learning outcome compatible with learning objective). Considering the
essential factor in exhibit design, the compatibility of learning objectives with the
exhibition units is a critical issue. In other words, compatibility refers to establishing
linkage between the design of the exhibit and classroom teaching unit, which may
facilitate the design and implementation of a teaching sequence adopted to the
science museum visit. In addition to the compatibility of learning objectives, clarity
of the learning objectives of the exhibits is vital for specifying the teaching sequence.
As the content and learning objectives of the exhibits are easier to make sense, for
the design of a guided visit to the science museum may consider setting a bridge
between goals of exhibition units and lesson unit objectives by teachers. Chen, Xin
and Chen (2017) proposed that context-aware technology developed as a guide-tour
may have long-term benefits by making visitors concentrate on each task rather than
skipping them after a quick engagement. Thus, being aware of the context during the

guided tour may result in higher level of students’ conceptual understanding.

Different types of exhibits were stated as having the possibility to foster students’
conceptual understanding differently (Afonso and Gilber, 2007). Afonso and Gilber
(2007) reported that analogy-based exhibits needed for showing relationships rather
than only entities to trigger causal explanations among visitors compared to the
exhibits as examplars of phenomena. This might show that prior knowledge is an
essential factor for making sense of the exhibition unit. However, if a learner has no
prior knowledge, the educative value of the exhibition unit may be questionable

regarding the conceptual understanding.

Indeed, although Stocklmayer and Gilbert (2002) assured that engaging in exhibits

can provide experiences to set memories regarding the subject matter which may
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also be useful in making sense of the subsequent exhibit, Afonso and Gilbert (2006)
found that even the similar exhibits under the same subject are connected in a
pedagogical chain, visitors were not showing connections related to subjects in a
short-time period. Afonso and Gilbert (2006) proposed that the previous knowledge
of the visitors can be triggered to reveal the educative value of exhibits as exemplars
of phenomena. Although this implication proposal seems to target at designing the
exhibits by considering learners’ spontaneous behaviors and evaluations regarding
their immediate experiences, a holistic design not only targeting at a single exhibit
but also targeting at design sequence for similar exhibits connected in a pedagogical
chain. For setting these relations in physical and conceptual levels, worksheets on a
specific subject matter area rather than only relying on the texts on exhibits may be

prepared for the guidance as an educational and organizational practice as well.
Conclusion for Current Organizational Practices

Based on barriers, needs, expectations, and solution attempts based on SCEs’
perceptions, four issues related to educational space, feachers’ effective
participation, human resources, and maintaining sustainability come to the
forefront. Considering human resources issues to provide more effective educational
activities in science center settings, the lack of personnel is a factor preventing the
diversification of educational activities. Science centers seek to find a solution to
remove this barrier. Educational activities comprise guiding visiting school groups,
preparing summer and winter camps, preparing workshops for both students and
public people on a variety of concepts, giving science center experience for students
in rural areas with limited access to the science center, and many other activities.
Including organizational and educational aspects, SCEs are able to make the task

distribution without a separate unit.

SCEs’ verbal accounts showed that volunteer guides, among especially university
students and student assistants are human resource providers way to compensate for
this deficiency. In few science centers, educational and organizational processes are

recognized as different units and human resources congruent to these departments
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can be supplied. Thus, effective workload distribution can be made within science

center employees.

In addition to lack of human resources, barriers and needs related to educational
space were mostly stated as an essential factor for providing different activities to
satisfy learning objective needs and enrich conceptual diversities. First of all, lack of
wet-ground laboratories which make it difficult to offer students different options for
conducting experiments in the scope of their science courses, and lack of exhibition
unit for various concepts and subject matter areas were stated as an issue for
educational space. Wet-ground laboratories are essential in terms of providing a
suitable environment for the concepts that can be tested by the experiment under the
subject matters of chemistry and biology. Although there are schools with science
laboratories, SCEs mentioned about their absence of functionality and effectiveness.
Moreover, unsupplied materials and non-existence of experimental books regarding
each concept make the use of wet-ground laboratory environment difficult within the

school.

Science centers in Turkey seem that they are aiming to provide opportunities that
students do not have in their schools, having wet-ground laboratories in the scope of
science centers may also be envisaged to maintain sustainability. Besides, there are
concepts that the present exhibition units do not meet in the school curriculum, or
more than one exhibition unit occupies a wide area with a single focus regarding the

subject matter area.

In addition to the educational space issue, effective involvement of teachers in
educational processes within science centers was perceived by SCEs as providing a
reciprocal feedback mechanism among school and science center regarding the
improvement in knowledge, skills, and experiences for educational activities. In case
the teachers cannot be actively involved in the educational processes within science
centers, it imposes an impediment in itself regarding enhancing educational
effectiveness. Science centers are disengaged from the school curriculum unless

workshops and field-trips are made by resorting to the teachers’ opinions.
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Finally, maintaining sustainability can include the first three issues which can form
the cornerstones of educational effectiveness. SCEs have already stated that they do
not have sufficient knowledge to maintain sustainability in science centers, except
for the efforts to organize summer or winter camps and to diversify their workshops

for maintaining sustainability.
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5.1.2 Multiple Case Study

Multiple case part of this study was conducted by a total of 111 students (for
guidance session) and 72 students (for the collaborative session) currently from 7%
grades. In parallel with the lesson units, students visited science centers for pre-
determined learning objectives. Three lesson units, including Work and Energy,
Mirror and Light Absorption and Solar System and Beyond and appropriate
exhibition units to these lesson units, in either Feza Giirsey SC or Kocaeli SC, were
selected. First, in the guidance phase, based on SCEs’ and students’ guidance phase
video data, conceptual diagnostic paper and science dairies, the implicit
metacognitive actions of SCEs and students’ conceptual understanding were
discussed. Second, the collaboration phase was examined under the scope of
students’ individual and inter-individual metacognitive processes. In this phase,
students’ exposure to the prepared worksheets and pre-determined exhibition units
provided vital tools for the researcher. Thus, students’ implicit and explicit

metacognitive actions were discussed under the associated research questions.

The indicators of implicit metacognitive actions of SCEs interacting with

students through the guidance phase (RQ2)

The results revealed differences between the sub-processes which are orientating,
planning, monitoring, and evaluating. While planning had the lowest frequency for
SCEs’ metacognitive action, the highest frequency was for monitoring action. Under
the orientating process, informing task subjects and constitution (ITSC), activating
prior knowledge (APK), and relocating (RL) had the higher frequencies compared
to other sub-themes. Besides, under the planning process, developing action plan
(DAP) had higher frequencies compared to considering alternatives for conceptual
understanding (CACU). And, under the monitoring process, claiming understanding
(CU) and noticing a lack of comprehension (NLC) revealed the had higher
frequencies during the guidance phase. Also, component structuring (CS) and

demonstrating comprehension by repeating (DCP) under the monitoring process had
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the lowest frequencies. Finally, under the evaluating process, checking (CH) had

higher frequency commpared to reflecting (RF).

The difference between the sub-themes under each theme might be caused by three
issues: (a) exhibition unit characteristics, (b) SCEs’ way of instruction, and (c) the

nature of the scientific concepts.

(a) Exhibition unit characteristics: The characteristics of the exhibition units
may influence SCEs’ content orientation (CO). Thus, SCEs’ content
orientation might be affected either for they frequently refer to activating
prior knowledge or refer to hypothesizing. Marek, Boram, Laubach and
Gerber (2002) differentiated the exhibition units as an interactive science
exhibition requiring hypothetical-inductive reasoning and requiring
empirical-inductive reasoning. Based on this categorization, according to
SCEs’ implicit metacognitive actions during the guidance phase, out of 15
exhibition units, four of them could be categorized under the exhibition units
requiring empirical-inductive reasoning; whereas, 11 of them could be
categorized under the exhibition units requiring hypothetical-inductive
reasoning.

The exhibition units requiring empirical-inductive reasoning were “Air
Bubble Race”, “Bernoulli’s Ball”, “Pedal Force”, and “Measure Your
Power” that provide students active observation and participation to the
conceptual understanding process. This active observation might decrease
the need for hypothesizing. On the other hand, exhibition units requiring
hypothetical-inductive reasoning had higher number of units selected for the
guidance phase which were “Guess Who Wins”, “Countless Colors”,
“Monochrome Room”, “Touch the Spring”, “3d Sand Pool”, “Hot Air
Balloon”, “Sand Pendulum”, “Infinite Views”, “Color Shadows”, “Color
Removal”, and “Press Test”. Thus, the characteristics of exhibition units
might be the weakest reason for SCEs’ use of hypothesizing during the

content orientation rather than activating prior knowledge.
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(b) SCEs’ way of instruction (SCEs’ instructional strategy): At the study of the
current practice, SCEs mentioned about their instructional strategies during
the guidance period. Participated SCEs stated four instructional methods to
be used during the guidance as collaborative learning, inquiry learning,
learning by doing, and meaningful learning. Although within the current
practices study, there was not any investigation on the instructional strategy
of the science center educators during the guidance, the difference between
SCEs’ approach for instruction might be the reason for the difference in the
number of frequencies that content orientation has. Activating prior
knowledge was frequently used by the science center educators by using
conceptual relations.

(c) The nature of the related concepts: The nature of the scientific concepts
might influence the number of frequencies of SCEs’ orientating activities.
First of all, the work and energy unit includes force, air pressure, liquid
pressure, solid pressure, energy, and energy transformation concepts to be

understood by the students.

Conclusion for RQ2

SCEs’ implicit metacognitive actions revealed four categories from a total of six
videos, including three science center educators. These categories are (a)
orientating, (b), planning (c), monitoring, and (d) evaluating. During the guidance
session, the number of frequencies that the orientating reached out was 248; whereas,
the planning action reached out 66. On the other hand, the monitoring action revealed
387 occurrences, and the evaluating resulted in 230 occurrences. The results showed
the highest number of frequencies for monitoring and the lowest quantity of

frequencies for planning activities.

Orientating action resulted in three themes as content orientation, guide orientation,
and task analysis. The results showed a balanced orientating activity of SCEs
considering these three themes. However, there exist differences in the numbers of

frequencies for their sub-themes. For the content orientation, activating prior
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knowledge had lower frequencies compared to hypothesizing. Also, for the guide
orientation, relocating had higher frequencies compared to providing turn-taking.
Finally, the task analysis sub-theme revealed a higher number of frequencies for

informing task subjects and the task constitution.

Planning action resulted in two themes as considering alternatives for conceptual
understanding and developing an action plan. Developing an action plan had a
higher number of frequencies compared to considering alternatives for conceptual
understanding. Although the second sub-theme might be thought under the
developing an action plan, it differentiates. In detail, it refers to the connection of
the subject matters and SCEs’ influence on this relation by using a variety of thinking

strategies.

Also, monitoring revealed three main themes as monitoring of strategy use,
monitoring of progress, and comprehension monitoring. While monitoring of
strategy use and monitoring of progress were directly related to SCEs’ metacognitive
activities, comprehension monitoring had an indirect relationship to SCEs’
metacognitive activities. The indirect contact for comprehension monitoring means
that students showed the stated activities which might be observed by the SCEs to
specify the flow of the guidance. The results showed students noticed the lack of
comprehension and claiming understanding during the guidance of SCEs. Showing
the level of conceptual understanding might mean that during the guidance, students

tended to indicate their levels of conceptual understanding to feed the SCEs’ actions.

Finally, evaluating revealed two main themes as checking and reflecting. The results
showed that checking action had a substantially higher number of frequencies
compared to reflecting action. The higher number of checking might show that SCEs
have a tendency to check students’ level of conceptual understanding during the
guidance rather than reflecting what they have done throughout the guidance. This
checking activity might show a similar tendency with the claiming understanding

and noticing a lack of comprehension. Since SCEs might check the levels of
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conceptual understanding of the students, they might monitor them as well for the

flow of the guidance.

Baseline: Students’ experience of the science center visit during their science
lesson hour (RQ?2ai)

RQ2ai was a baseline question to understand students’ science center visit
experience after the visit. The results acquired by the guidance science diaries of
students revealed four main themes as (a) exhibition unit preference, (b) limited
interaction with science teacher, (c) making sense of exhibition units, and (d)

evaluation of science center visit.

Students’ exhibition unit preferences were seen to depend on their conceptual
interest, dynamicity of the exhibition unit, and the physical characteristics of the
exhibition units. They mostly stated to prefer the exhibition units having the
opportunity to use them actively. The reason for these preferences might be caused
by three reasons such as (a) students’ need for collaboration, (c) students’ need for
being motivated by a competitive environment, (d) students’ need for active

interaction with the exhibition units.

Students’ limited interaction with the accompanying science teacher is caused by
their interaction with peers, taking guidance from the science center educators and
reading information on the exhibition unit. The students stated these interactive
behaviors for their limited interaction with the science teacher during the science

center Visit.

The students stated that they are making sense of exhibition units by four ways which
are (a) reinforcement of learning for a science course, (b) relating exhibition units
with scientific concepts, (c) relating science center experience with school course,

and (d) transferring conceptual knowledge to daily life usage.

Finally, students evaluated their science center visits based on either feelings or
procedures. They stated they felt curious, exciting, happy, normal, and tired during

and after the visit. On the other hand, they said they would want to have more
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exhibition units, more interaction with exhibition units, and more time to visit after
their science center visit. 54 students out of 80 stated they were happy during the
visit. However, five students did not mention their feelings as a positive one.
Although the percentage of students indicating positive feelings after the science
center visit had higher numbers compared to students who mentioned negative or

neutral feelings, the reason for their non-positive feelings should be understood.

Change in scientific conceptual understanding levels for selected concepts of

students in alignment with SCEs’ implicit metacognitive actions (RQ2a)

For this research question, there were three distinct lesson units connected with
previous knowledge to each other. These were work and energy, mirrors and light
absorption, and solar system and beyond. However, due to technical problems, the
association of SCEs’ implicit metacognitive actions to the solar system and beyond
lesson unit could not be done. Thus, although this part discusses the levels of
students’ conceptual understanding based on their diagnostic papers for each lesson
unit, it will discuss the alignment of metacognitive actions to the levels of students’
conceptual understanding for work and energy, and solar system and beyond lesson

units.
Work and Energy

Work and energy lesson unit included two divided weeks as force and pressure and
energy transformation. The related scientific concepts for the first part, force and
pressure, were <height, pressure, surface area> for 3d Sand Pool, <density, liquid
pressure, height, force> for Air Bubble Race, <air, pressure, force> for Bernoulli’s
Ball, <density, pressure, gas, gravity force, expansion, hot air> for Hot Air Balloon,
and <force, friction force, resultant force, gravity force> for Sand Pendulum. On the
other hand, the scientific concepts for the second part, energy transformation, were
<energy, mass, weight> for 3d Sand Pool, <gravitational potential energy, kinetic
energy, force, energy, pressure, work, air energy> for Measure Your Power,

<potential energy, kinetic energy, force, mass, weight> for Guess Who Wins, and
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<kinetic energy, force, energy, electrical energy, work, energy transformation> for

Pedal Force.

The correct and incorrect uses of the scientific concepts within the conceptual
diagnostic papers after the science center visit indicated in which manner students
used the related scientific concepts whilethey were mentioning about their relation
to the guided exhibition units. First, for the force and pressure part, <pressure, liquid
pressure, density, air, gas, hot air, force, and resultant force> were frequently used
in the correct way. On the other hand, <layer> was the concept often being used in
an incorrect way for 3d Sand Pool. Also, students used <pressure, weight> concepts
in an incorrect way for the Sand Pendulum. Although the number of frequency for
the correct use of the force and pressure concepts was higher compared to the
incorrect use of the concepts, it is vital to understand why students used the incorrect

ones while they were relating them to the guided exhibition units.

3d Sand Pool was the exhibition unit to understand solid pressure and its relation to
the surface area by referring to daily life examples. Although it did not directly intend
for force and pressure lesson units, the science teacher offered to use it to acquire the
causal relationship between these concepts. 3d Sand Pool originally intended to
demonstrate a 3d physical map and to deliver instruction about what each layer on
the map accounts for. Although the guidance of science center educators altered
students’ minds in constructing a causal relationship between the surface area and
the solid pressure on the sand surface, there were many students for whom the
instruction did not alter their mindset related to the exhibition unit. This might show
that although physical relatedness to the instructed scientific concept is a vital
variable in making sense of the exhibition unit to alter students’ mindsets, it is most
probable that most of the students use the physical appearance with the initial

purpose of the exhibition unit regardless the delivered instruction.

Besides, Sand Pendulum was the exhibition unit to activate students’ prior
knowledge regarding the force concept. In addition to a few students’ uses of friction

force concept, they also mentioned pressure concept within their conceptual
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diagnostic papers. There may be more than one reason why the scientific concept, in
the scope of the lesson unit, is associated with the non-relevant exhibition unit. These
reasons might be collected under three issues as (a) no retention of the exhibition
unit’s working principle, (b) misconception or no understanding of the scientific

concept, and (c) ineffective guidance for different science learning performers.

(a) No retention of the exhibition unit’s working principle: Due to the
hypothetical-inductive nature of the Sand Pendulum exhibition unit, students
might not recall the working principle of the exhibition unit. Also, since it
was the first exhibition unit to activate their prior knowledge on the force
concept, they might not focus on the working principle of it during the
guidance.

(b) Misconception or no understanding of the scientific concept: The incorrect
use of the pressure concept might be due to students’ misconceptions or no
understanding of that concept.

(c) Ineffective guidance for different science learning performers: Science center
educators’ instructional strategy might not be effective as to reach out the

low-performer students.

Second, the related concepts for the second part, energy transformation, were
<energy, mass> for 3d Sand Pool, <kinetic energy, force> for Measure Your Power,
<potential energy, kinetic energy, mass, weight> for Guess Who Wins, and <kinetic
energy, energy, energy transformation, force, electrical energy> for Pedal Force.
Besides, there were few incorrect uses of the scientific concepts related to the energy
transformation part. Although they were few, it is essential to understand the reason

why <force, pressure, and friction> concepts were used incorrectly.

In energy transformation week, the learning goal of the 3d Sand Pool was to make
students distinguish potential energy and kinetic energy concepts and the dependent
variables of them. One of the students used <pressure> concept within the conceptual
diagnostic paper. Although this student was in a minority of incorrect users for the

<pressure> concept, the reason why the student mentioned pressure might be the
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students’ previous mindset related to the exhibition unit. Since in the first week, force
and pressure, students were instructed for the <pressure, surface-area> concepts on
3d Sand Pool, the student might recall back the concepts from the previous week.
There may more than one reason why a student recalls back the concepts of the prior
instruction and does not connect the exhibition unit to the current subject matter.
These reasons might be collected under two issues: (a) the excessive amount of the

information load, and (b) embedded affordances not belonged by the exhibition unit.

(a) The excessive amount of the information load: The incorrect use of the
pressure concept might be caused by the first week of the guidance period.
Since students were instructed for different scientific concepts by using the
same exhibition unit, this might cause a distraction on students’ mindsets
regarding the relatedness of concepts to the exhibition unit. Although these
instructed concepts were conceptually contiguous, students might be
distracted by the excessive information load. The elimination of the
distractive elements might require a balanced instructional design to reduce
the cognitive load.

(b) Embedded affordances not belonged by the exhibition unit: Since the science
center educators used three balls as tools that are not a part of the exhibition
unit for potential energy and kinetic energy concepts and their independent
variables, this instruction might not create concept integrity with the

exhibition unit.
Mirrors and Light Absorption

Mirrors and Light Absorption lesson unit had <color, reflection, mirror> concepts as
being frequently used in the correct way. Although the stated concepts were used in
the correct way, students rarely mentioned any specific concept related to the
exhibition units. These concepts were <absorption, light reflection, concave mirror>,
and <flat mirror>. The reasons why students did not indicate specific concepts to

demonstrate their levels of conceptual understanding might be (a) the dominant
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conceptual terms in everyday life usage, and (b) the abstract nature of the absorption

concept.

(a) The dominant conceptual terms in everyday life usage: Color, mirror and
reflection concepts are few of the commonly used everyday concepts. This
common usage might result in overgeneralization while students were
answering regarding their science center visit experience for the instructed
concepts. Although students gave examples regarding the specific scientific
concepts from their daily life usage, they might prefer to state the generalized
terms without mentioning the exact conceptual name. However, this could be
counted as a problem since the learning objectives would not be satisfied by
referring to the concept. Also, it might infer that students’ levels of
conceptual understanding did not go beyond the surface-level understanding.
Thus, a rating scale was needed to differentiate students’ levels of conceptual
understanding.

(b) The abstract nature of the absorption concept: Although students frequently
used general concepts of <color, reflection, mirror>, they rarely used
<absorption> concept. Unwritten results and field-observation showed that
although students mentioned light absorption and gave examples for it
considering their daily life experiences and color-related terms, they rarely
mentioned the absorption term. The abstract nature of the <absorption>
concept might not trigger to use it while students were making sense of the

exhibition units.
Solar System and Beyond

Solar System and Beyond lesson unit had <constellation, star, gravitational force,
planet, black hole, distance to sun> concepts for the correct use of the scientific
concepts. Whereas, just one student used the galaxy concept in an incorrect way for
the Summer Sun Winter Sun exhibition unit. The reasons why the students frequently

used correct concepts while they were relating the concepts to the exhibition units
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might be (a) students’ readiness levels, (b) exhibition units’ comprehensibleness, and

(c) the nature of the subject matter.

(a) Students’ readiness levels: Participant students did inquiry and presentation
within groups on the solar system and beyond lesson unit before they visited
the science center. Thus, this might increase their readiness levels for the
subject matter and facilitated to relate the scientific concepts to the exhibition
units. The guidance procedure was the same for all lesson units. However, in
Force and Energy and Mirrors and Light Absorption cases, students did not
engage in inquiry learning in-class activities. This difference in teachers’
style of teaching might have a positive influence on students’ readiness
levels.

(b) Exhibition units’ comprehensibleness: Exhibition units in Solar System and
Beyond lesson unit targeted at acquiring the concepts of <constellation, black
hole, solar system>, and <planets>. The physical appearance of the
exhibition units fitted to the subject matter area within a close-distance
environment. The proximity of the related exhibition units might provide
conceptual integrity. Due to the closeness of the spatial locations of the
exhibition units having the antecedent concepts under the solar system and
beyond lesson unit, students might construct a complete mindset regarding
the concepts.

(c) The nature of the subject matter: In addition to the comprehensibility of the
exhibition units, the nature of the concepts included in the solar system and
beyond lesson unit might result in a higher number for the correct use of the

concepts.

Work and Energy, Mirrors and Light Absorption, and Solar System and Beyond
lesson units had similarities and differences related to the correct and incorrect use
of the associated concepts. By looking at the overall results, while Solar System and
Beyond revealed the less incorrect use of the associated concepts, Mirrors and Light
Absorption revealed the least correct use of the associated concepts. On the other

hand, Force and Energy revealed the most incorrect use of the concept in addition
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to its higher number of frequencies for the correct use of the concepts. The reasons
of the trend variabilities between these three subject matters might be collected under
five reasons (a) the nature of the concepts, (b) the nature of the associated exhibition
units, (c) the science center educator’s effect, (d) the guidance path, and (e¢) the

teacher’s effect.

(a) The nature of the concepts: Concepts included in the Force and Energy
lesson unit have the nature of directly observable by daily life experiences.

(b) The nature of the associated exhibition units: Force and Energy lesson unit
included both empirical-inductive reasoning and hypothetical-inductive
reasoning as a requirement during the students are experiencing the
exhibition unit.

Also, Mirrors and Light Absorption lesson units included exhibition units
requiring hypothetical-inductive reasoning.

Finally, the Solar System and Beyond exhibition units require hypothetical-
inductive reasoning.

(c) The science center educator’s effect: Science center educator’s implicit
metacognitive actions might have a vital role in students’ correct use of the
scientific concepts.

(d) The guidance path: The guidance path refers to the spatial location where
students, science teachers, and science center educators took during the
guidance period. It also includes the transitions between the selected
exhibition units.

(e) The teacher’s effect. Teacher’s contribution before, during, and after the
science center visit might affect how students used the scientific concepts in

relation to the exhibition units.

In addition to correct and incorrect use of the scientific concepts, the levels of
students’ conceptual understanding were detected for each lesson unit. For the Force
and Pressure week under Force and Energy lesson unit, Air Bubble Race resulted
in the highest number of sound understanding levels and the least number of

misconceptions. The reason why students made sense of the Air Bubble Race
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exhibition unit might be assigned to its empirical-inductive nature. However, it also
resulted in a higher number of frequencies for no understanding. The higher number
for the level of no understanding might demonstrate that although it is easier to make
sense of Air Bubble Race, it might also result in no understanding but at least a few
misconceptions on students’ mindsets. Air Bubble Race provides a competitive
environment for the students and facilitates the comparison between three liquids
having different densities. Thus, students might have a chance to observe the
differences between each liquid. They have an affordance, pump, to activate the
bubbles and the tubes have the same height. Science center educators refer to these
concepts that could be observable and provided a concrete schema for the students.
Thus, students could compare the largeness and the velocity of the bubbles referring
to the physical appearance of the exhibition unit underlying the independent
variables which are density and height. It might divide students into two positions:
(a) enjoying the Air Bubble Race by observing the physical change, and (b) observing
the physical change by referring to underlying variables for it.

Besides, Hot Air Balloon revealed the highest number for the misconception.
Besides, the results showed that most of the students had misconceptions for the Hot
Air Balloon. However, a majority of the students had partial or sound conceptual
understanding levels. The reason why Hot Air Balloon revealed the highest number
of frequencies for the misconception could be the hypothetical-inductive nature of
the exhibition unit. The students’ misconceptions included the reverse association of

the Air Balloon movement with the density.

For the Energy Transformation week under Force and Energy lesson unit, Pedal
Force revealed the highest number of students having partial or sound understanding
levels. On the other hand, a reputable amount of students was in the scope of the no
understanding level. Misconception shown by the students included the matching of

the unrelated concept with the working principle of the exhibition unit.

For the Mirrors and Light Absorption lesson unit, students had the highest

understanding level for Touch the Spring. Also, students had emergent

310



understanding levels for the Countless Color exhibition unit. However, Monochrome
Room might be seen as difficult for the students to acquire the concepts due to the

important number of students included in no understanding level.

For the Solar System and Beyond lesson unit, students neither had misconceptions
nor were included in the level of no conceptual understanding for the Constellation
Viewer exhibition unit. Also, students understood the concepts related to the Solar

System Model exhibition unit partially or completely except one student.

Students’ individual and inter-individual metacognitive processes (RQ3-RQ4)

The results revealed differences between the sub-processes which are orientating,
planning, monitoring, and evaluating. While planning had the lowest frequency for
students’ metacognitive action, the highest frequency was for monitoring and
evaluating actions. Under the orientating process, activating prior experience from
the guidance session had the higher frequency compared to others. Besides, under
the planning process, interim planning had higher frequencies for distributing the
role of duties by referring to self-experience. And, under the monitoring process,
detecting task demands by reading had the higher frequencies. Finally, under the
evaluating process, checking completeness of their conceptual understanding had the
higher frequencies compared to correctiveness and effectiveness of the conceptual

understanding.

Besides, looking patterns also divided into four sub-groups referring to
environmental factors as looking at worksheet, looking at environment, looking at
peer, and looking at the exhibition unit. The results showed that the highest
frequencies revealed for looking at peers when matched-eyes occur, looking at the
exhibition unit by focusing its components, looking at the image on the worksheet,

and looking at worksheets during reading text alouds and tracking other’s reading.

The reason for the highest frequencies for looking at peer by matched-eyes might be

caused by shared previous knowledge. Richardson, Dale and Kirkham (2007)
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investigated whether the shared previous knowledge has an effect on conversants’
shared visual context. They stated that shared background knowledge directed by
given to each conversant before they are engaging in the conversation also leaded to
eye movement coupling among conversants. On the other hand, the afformentioned
study might be questionable to understand whether shared visual context is solely
due to the same background knowledge or it might also depend on each conversant
knows that they each know the same information. So, the need for understanding the
shared previous knowledge or constructing a shared knowledge for the future actions
might cause higher frequencies for the matched-eyes. As a complementary study,
Choi (2010) investigated shared metacognition in integrative negotiation aiming at
resolving the perceived difference of person’s interest. He letted dyads to know
whether they know the information or not. Results revealed that shared
metacognitive manipulation made a difference on perceived attributes to others. So,
not only sharing previous knowledge, but also ensuring other’s knowledge might

reason for the matched-eyes.

Besides, Gregory and Jackson (2018) stated that gaze cues influenced working
memory in case that little goal-directed behaviors of others do not reveal engagement
in perspective taking while loaded goal-directed behaviors result in perspective
taking. This may be caused by adopting perspective taking strategy may be
dependent on the person variable knowledge as a goal specific and unique behavior
which may be reflected in case of the needs. And, this need may be also dependent
on the fact that sharing the perspective of others may also lead to share their short-
term goals to predict the next step in the social interaction episode. As a
complementary finding, matched-eyes might serve more than one metacognitively
oriented action. It might be for planning the future actions, or evaluating the short-

term goals by trying to take a confirmation from the collaborative pair.

Looking at worksheet during reading the text aloud and during tracking other’s
reading had also higher frequencies. While reading the text aloud accounted for
orientating behavior, tracking other’s reading was about monitoring action. By these

looking patterns, collaborator pairs tried to synchronize their situations and these
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actions might facilitate their argumentation and self-explanation. And, this reciprocal
metacognitive activity might increase the conceptual understanding. Rittle-Johnson,
Loehr and Durkin (2017) investigated as a meta-analysis in what conditions
promoting self-explanation has positive impact on mathematics learning and
proposed guidelines for the educators in using self-explanation as an instructional
technique. Although many of the stated literatures assured that self-explanation is
highly effective on increasing conceptual knowledge and retention of conceptual
knowledge after a time-delay as well. In addition, they stated four guidelines for the
educators which are to implement self-explanation techniques into their instructional
designs as (1) scaffolding high-quality explanations, (2) designing self-explanation
prompts considering allocation of attention among important contents, (3) prompting
learners for the self-explanation of why correct answers are correct, and (4)
prompting learners for the self-explanation of why common misconceptions are
incorrect. Why the proposal of aforementioned guideline may be believed to be
beneficial in far-transfer learning of conceptual and procedural knowledge is due to
activating learners’ prior knowledge and monitoring their progress related with the

subject matter.

On the other hand, higher frequencies for looking at exhibition unit by focusing on
its components, and looking at the image on the worksheet might be caused by the
need for decomposition and decrease the instructional complexity. As a
complementary study, Koedinger, Booth and Klahr (2013) mentioned about the
constraints for reducing and decomposing the instructional complexity and the
suggestions for instructional design regarding the enhancement of educational
effectiveness. They stated intervention timing, dosage and instructional technique
are the features showing the complexity of instructional design. Similarly, Roediger
and Pyc (2012) reported on effective instructional strategies available in the
cognitive psychology literature for the implementation into the classroom
instruction. They assured that distribution, interleaving and spacing and exploratory
interrogation and self-explanation are effective for the long-term learning even

though it takes time to learn information in the short-time period. So, when the
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duration of the instructional sequence extends, then, the need for decomposition may

occur for facilitating self-explanation.

In addition, collaborative pairs had higher frequencies for checking similar to
metacognitive actions of science center educators. Checking the correctness of
conceptual understanding, and checking the completeness of conceptual
understanding were the primary evaluating actions during their collaborative
activity. This checking behavior might be caused by students one time evaluation to
continue for the next question and planning the future step. As a related study,
Sobocinski, Malmberg and Jarvela (2017) investigated self-regulatory processes in
a temporal manner based on macro-level processes during low and high-challenge
collaborative learning situations. They divided regulation phases into three as
forethought, performance and reflection phases while they associated these phases
with the types of interactions including cognitive-focused collaborative interaction,
socioemotional interaction, irrelevant interaction and no interaction. Results derived
by process mining outcomes revealed that in low-challenge collaborative learning
situations, learners have frequent switches between cognitive-focused and
socioemotional interactions during performance phase after engaging in irrelevant
interaction whereas in high-challenge collaborative learning situations, learners
switched between forethought and performance phases more by showing higher

cognitive-focused collaborative interaction.

52  Suggestions

While both educational and current organizational practices of the science centers
faced problems due to human resources, educational space and collaborations with
stakeholders, few of the science centers offer specific solutions and suggestions
considering a holistic approach. Karademir et al. (2019), recently, figured out the
problems for science activities among preschool children under four categories as
material-related, teacher-related, child-related, and the conditions which shows a

similarity with the other target groups. Although this current practices study
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represented similar findings for educational issues, it also underlied the
organizational aspects that have impact on the science center activities as well. And,
the perceived metacognitive processes of the students among science center
educators and science teachers showed a difference in terms of their depth for the

categorization of behaviors related to metacognitive processes.

Finally, three cases aiming at exploring science center educators’ metacognitive
actions during guidance session and students’ metacognitive actions based on
different scientific concepts during their collaborative works which tied to the
guidance session resulted in differences for the frequencies of metacognitive actions
for each subject matter. Also, field notes showed that collaborative pairs showed
differences for elicited metacognitive actions regarding their collaboration qualities.
Although the levels of collaboration quality was not coded and clustered throughout
video analysis stage, researcher’s observations during the field work and video

analysis offered a decisive path for the emergence of the shared metacognition.

52.1 Suggestions for Policy Makers and Practitioners

Suggestions for policy implementations and practitioners were leveled up in the light
of the findings of the first and second studies. These suggestions were grouped under
five categories as ensuring quality, distributing roles, extending budget, extending
collaboration, and encouraging autonomy (see Figure 5.5). Practitioners include
science teachers, science center educators, researchers and instructional designers.
Due to the need for engaging with policy makers, suggestions for both policy makers

and practitioners were given in a condensed form.
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Figure 5.5 Diagrams of suggestions for policy makers and practitioners

Five categories of suggestions for policy makers and practioners pinpointed the
alternative ways for filling the gaps to enhance educational effectiveness in science
center contexts. However, since the purposes of the science centers and the school
environment show differences regarding their motivational factors, nature of the
content, nature of the instructional technology, human resource, financial concerns,
and the roles adapted by the human agents, the following five categories take

aforementioned factors into account for the policy implementations.

(1) Ensuring quality: Providing quality standards for the materials and the
content might be one of the policy implications. Although each science center
has experienced based insights on how to arrange exhibition units, how to fix

them, and how to relate the curricular content with them, the quality standards
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for their functional and structural characteristics, and the linkage with the
curricular content are considered as insufficient. Also, the lack of
instructional materials related to science concepts in curriculum, the lack of
guidance for teachers and students for orientating them to the available
content, and the lack of time and human resource for science center educators
to prepare specific events of instruction for the visit groups cause a barrier to
enhance educational effectiveness of science center activities. The following
suggestions might be offered for ways of providing quality standars.

a. Teachers accompanying to students were generally in visit-organizer
role due to the lack of content related to scientific concepts and
phenomena prepared for the science center visits. So, they had a
passive role for preparing the students for the science center visits.
With the exception of the two existing science centers, other science
centers do not offer teachers guides to help students engage and
internalize concepts while they are having fun. Even though the
guides presented are related to the curriculum, it is not easy to apply
the content effectiely in the process, since the teacher did not receive
any training on this content before. For this reason, it is recommended
that the roles of the teacher, students and science center should be
defined flexibly and alternative teaching strategies should be included
in these contents while preparing the content.

b. Teachers, while fulfilling the intensive curriculum requirements, do
not have enough time to organize trips to the science center and
produce materials that can be helpful for these trips. In addition, due
to science center educators’ lack of experience regarding the
classroom dynamics and sufficient pedagogical implications at the
first hand, potential activities or instructions during guiding create
difficulties in making students active in the science center. For this
reason, informing science center educators about teaching techniques

and providing on-site orientations may increase the quality of the

317



contents and facilitating making students more active during their
guidance.

Science center educators and science teachers can also make students
active by supporting their metacognitive activities. The results
indicate that students prefer the experimental-inductive exhibition
unit for being easier to grasp regarding the conceptual understanding
compared to the hypothetical-inductive exhibition units. Based on
this information, it can be suggested that the content to be prepared
may contain directions that support students’ metacognitive activities
in compatible with the different exhibition units.

The content produced in cooperation with science center educators
and teachers, Turkey may run on a platform where the used content
of the school groups who have visited across the different science
centers. EBA can play an important role for the transition to this
platform.

With the COVID era, the need for content for science centers for
different grade levels and supporting the metacognitive activities of
students at these grade levels has also increased. Although science
centers, which have a private outdoor area within their structural
characteristics, produce contents for the workshops by keeping social
distance during the implementation in the summer period, it is
necessary to share the contents and to increase the qualities of the
contents that make students learn while having fun. During this
requirement, flexible activities that not only contain content but also
serve as orientation should be designed by taking into account the
characteristics of the available materials, the presence of the teacher,
the number of students and the experience of the science center
educator.

It may be important that instructional designers also play a role in the

preparation of these quality contents. Instructional designers can be
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one of the pillars that manage the process in the content development
and implication, taking into account the available human resource,
material, content and target audience.

g. Researchers have a great role in the design of quality content as well.
Research findings can be used for the training of science center
educators and science teachers, by making researches such as
reporting the exhibition units in which students are active or not, what
kind of behaviors students demonstrate in the science center, how the
readability of the materials are, or how effective the implication of
different teaching strategies is for students to understand scientific
concepts. Thus, researchers can indirectly support the preparation of
qualified content.

h. Instructional design in science center environments in Turkey
depends on both organizational and educational practices due to the
issues related to human resources, educational space, and partnership
with schools and universities. This multi-method study showed that
guidence (or science communication), not only in guided-tours but
also in free-exploration periods, is a critical factor in enhancing
educational effectiveness in such out-of-school environments. So,
guidance should be designed in partnerships with different agents.

(2) Distributing roles: Providing alternative roles for the critical agents of
science center visits including teachers, science center educators, students,
researchers, and instructional designers may be a suggestion for the policy
makers. It seems from the findings that each agent has different but
intersected roles; however, for achievning learning objectives in align with
the science center fundamental purpose (learning during entertaining), there
may be roles for each critical agent.

a. Decision making on flexible roles and decision making on pre-,
during, and post-visit experiences may be two alternatives for

including each agent for the decision process.
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b. Distributing the roles may have a potential to provide easiness about
three aspects which are decreasing demanding workload for each
agent, facilitating to prepare pre-visit, during visit and post-visit
activities, and developing instructional strategies based on target
concepts.

c. Distributing roles may facilitate mutual understanding for each agent
regarding the expectations from the science center visits. First of all,
specifying the roles regarding the time-duration, skills, methods to
use etc. may provide the information for context-related, content-
related, and person-related factors. So, this decreases the excessive
workload for each agent. Decreasing the demanding workload for
them will eliminate the lack of human resources barrier for science
center Vvisits.

d. In order to decrease the demanding workload, there can be a
partnership program setting the roles for each agent. First of all,
teachers may have pre-knowledge regarding the target concepts and
this agreement defines their roles about associated science center’s
expectations. Since each science center has unique educational and
organizational practices in spite of their everyday practices, teachers
might have differentiated roles for associated science centers.
Teachers’ functions might be collected under four groups as visit
organizer, guide, co-guide, and activity involver.

e. First, the results showed that science centers preferring not to involve
teachers in the guidance process want from teachers to organize the
school visit due to the everlasting permission processes and the need
for regulation of students. Moreover, science centers who prefer to
involve teachers in the guidance process may offer either guidance or
co-guidance role for the teachers. The guidance role refers to that
full action belongs to the teacher during the school visits. The teacher

with the guidance role, may have pre-structured activities targeting at
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the associated concepts with the lesson objectives. A hand-material
distributed to the teachers might regulate this guidance processes for
teachers and students. On the other hand, since the science centers
have a lack of human resources, the guidance of teachers might
compensate for this absence.

Besides, the co-guidance role refers that teachers contribute to
science center educators’ guidance meaningfully to make students
remember the relevant lesson objectives. Teachers may help to the
guidance (a) during the transfer from one exhibition unit to another
to construct the connection between the concepts, (b) during the
science center educators ask a critical question to recall the concept,
(c) and after the visit occurs to summarize and connect the visit to in-
class activities.

Finally, activity involver role refers that teachers involve in workshop
activities to co-guide students or attend the seminars in which science
centers organize. Thus, teachers may contribute to the activity
development process and connect in-class activities with the science
center experience.

Current educational practices showed that a minority of teachers
apply pre-visit, during visit, and post-visit to connect science center
activities with the in-class activities. Although the science curriculum
being prepared includes offered science center activities for teachers,
the activity regulations are not familiar to teachers and students.

To include teachers in these school visit processes, offered lesson
activities within the current curriculum can be adapted to science
center context as an out-of-school activity so that teachers may get
involved in pre-visit activities to know the science center context and
how that teacher may deliver selected lesson objectives in that
environment. And, a list of activities targeting different concepts

compatible with lesson objectives prepared for teachers may be
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provided. Also, post-visit activities play an important role in testing
the effectiveness of science center activities and provide long-lasting
conceptual understanding. This is an essential part of the science
center visits, and since science centers have inadequate human
resources, teachers may contribute to tracking students’
performance.

Moreover, there may be an interactive distance system to foster
collaboration between science centers and teachers. Thus, science
center educators may distribute their pre-forms or wishes from
teachers throughout the system. And, teachers may ask their questions
or state their experiences via the system. This would provide a diary
for each science center visit activity.

Current educational practices showed that science center educators
arrange their activities regarding their learner characteristics.
Although science center educators take learner characteristics into
account for the preparation and implication of guidance and
workshop activities, students visiting the science center have time to
explore the environment freely. Thus, there may be two ways of
implication for this. First of all, the interaction design of the
exhibition units should provide appropriate approaches for target
concepts so that students will have an opportunity to interact with the
exhibition units by acquiring relevant objectives for learning the
concepts. Moreover, guidance can be provided by embedding it into
the adaptive technologies. Design of exhibition units having clear and
compatible objectives regarding the target concepts may foster
students’ planning, monitoring and evaluating acts during their
engagement. To reach such kind of theory-driven knowledge,
researches on students’ cognitive and metacognitive processes during
their interaction with exhibition units may shape the unit design in a

way to foster their conceptual understanding.
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(3) Extending budget: Providing alternative ways for the financial shoestring
taking the needs of science centers into account may be a suggestion for the
policy makers.

a. Since many science center has barrier to extend the budget especially
in order to use the budget for the renovation of the exhibition units,
founding laboratories, accessing to students and increasing the
number of the human resources, providing alternative ways such as
calling angel investors for action and spreading the advertisemention
may be a suggestion for solution.

b. By doing projects for European (such as Erasmus +) and local
networks (such as TUBITAK), both science centers may expend their
budgets and provide an interdisciplinary work environment for
science center educators, researchers, citizens, and schools.

c. Also, the projects might receive international grants from voluntary
actions. So, these provided ways may be useful for both science
centers and schools to overcome the financial obstacle.

(4) Extending collaboration: Providing alternative ways to set bridges among
schools, citizens, and the science centers may be a suggestion for the policy
makers.

a. Science center educators, on the other hands, may prepare workshops
for citizens, teachers, students, and schools to provide collaborative
activities among these agents.

b. Also, instructional designers and researchers may get involved in the
preparation and implementation of the workshops. It is important that
workshops are prepared in collaboration with critical agents.
However, online or face-to-face meetings are also needed to bring
these agents together. It may be important that each year, with the
contribution of policy makers, not only their works are presented, but

also the critical agents collaborate via roundtables.
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c. Researchers can be invited to conduct effectiveness studies before,
during and after the workshops. In particular, it may be important to
support faculty members working in the faculty of education for the
assessment and evaluation activities in science centers. At the same
time, by increasing the collaboration levels with the facult members,
students in the graduate level can be directed to these centers to
receive their voluntary supports during assessment and evaluation
activities. So, this may play an important role in promoting the
science center concept among Turkey.

d. Public events where content is shared with everyone, can increase
collaboration. It may be important to share the content of the open
events with other science centers, schools and teachers, and to make
evaluations with other agents as well as the science center educators
after the event.

e. Although science centers other than the two science centers
interviewed said that they do not successfully continue their teacher
community building activities, a teacher community is needed in
order to facilitate the cooperation of science centers with teachers and
to receive their support during the instructional design with the
experiences to be learned from good examples. In addition to
supporting their professional development, these teachers who join
the community from different schools within the framework of a
common goal, can also form a student committee and be a pioneer in
selecting the science center student representative for each school.

(5) Encouraging autonomy: Providing alternative ways for the lack of human
resources may a suggestion for the policy makers.

a. Virtual or face-to-face study groups can be a way to both increase
collaboration and address the current lack of human resource in
science centers. After the study group, people who have adapted to

the science center environment can be expected to support the science

324



center education and organization process. Thus, the supporters start
working by being familiar with the processes.

b. It can be given as a suggestion that science center educators call for
action for the volunteers in cooperation with universities, schools and
other non-governmental organizations to meet the human resource
need.

c. Besides, as well as collaborating with emerging social
entrepreneurship ecosystem in Turkey may facilitate the attempt to
reach students in rural areas. For this, each science center, together
with volunteers, can reach children and teachers in the rural area by
including the status of mobile science center. By collaborating with
existing social entrepreneurs in the field of education (such as Village
Schools Change Network, Education Reform Initiative, or
Kodluyoruz), they can reach students and teachers from all levels in

different areas from a variety of fields.

5.2.2 Suggestions for Further Researches

This thesis study revealed significant insights on how science center educators’ and
students’ metacognitive processes occur in a dynamic informal learning environment
while pinpointing the current practices for educational and organizational issues to
increase the educational effectiveness in science center environments. Based on the
conducted study and the researhers’ observatory insights, suggestions for further
researchers might offer studies in five categories as suggestions for multi-method
study, suggestions for instructional design models, suggestions for theoretical
aspects, suggestions for methodological tools, and suggestions for educational

policy (see Figure 5.6).

Five categories of suggestions for future researches and researchers underlined the
essential issues in research in informal learning environments especially focusing on

the metacognition concept. This thesis study also offers suggestions to shed light on
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studies on metacognitive processes in different populations in science center
environments. First, suggestions were listed on what kind of contribution a multi-
method study can add to metacognition research, how the two different studies
connect to each other in this study and what else can be considered. Second, insights
on how to perform a metacognitive-oriented instructional design and how to
integrate time-series data into these models was shared. In addition, although the
study is based on metacognition and collaborative learning, suggestions were made
that eye data, verbal data, and student behaviors collected for triangulation purposes
can be examined in terms of embodied cognition, joint attention and shared
undersanding concepts. In addition, suggestions are given about educational and
organizational practices in science centers and how these practices can interact with
each other, while making partnerships and the effects of these partnerships on the
educational processes of science centers, and what kind of effects educational
leadership skills can have in informal learning environments are briefly discussed.
Finally, the methodological tools used in the study were summarized, and what kind
of improvements could be made for which tools and design and research suggestions
were given to enable different student groups to maximize the efficiency of these

environments.
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Figure 5.6 Diagram of the suggestions for future researches

(1) Multi-method Study: Although this thesis consists of two sub-studies, these
studies have been carried out both to increase the experience of the researcher
about the science center and to determine the environment that provides the
necessary and sufficient conditions for the investigation of metacognitive
processes in the science center environment and to observe these processes.
In this direction, the researcher used the results from the first stage to design
the second stage research. From this experience, it was learned that the
reflections of the studies carried out in the science center on education, the
study of metacognitive processes in the science center, and how the

metacognitive process depending on the situation was observed in the
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students in collaboration, and suggestions were given for multi-method study
designs on these teachings.

a. Although the studies carried out in the science center are both related
to the organizational processes and educational processes, especially
in this study, this relatedness tried to understand whether the
metacognitive interventions were performed by the science center
educators and teachers. While touring the environment in the
company of a science center educator, a checklist can be made
regarding the features of the target exhibition units and whether the
questions or tools that trigger metacognitive behaviors exist in these
exhibition units.

b. In addition, although the science center instructors give information
about the perceived metacognitive activities of the students during the
oral interviews, the experiences of each target exhibition unit can be
asked during the field trip. This may make it easier to remember their
previous experiences.

c. In the study, teacher and science center educator auxiliary resources
prepared by science centers were also examined. However, rather
than containing information that supports and guides metacognition,
these sources contain texts for the promotion of the exhibition units
in the science center. By working on these documents separately,
directions that support the metacognitive activities of science center
educators and teachers can be added to each existing document. And,
an additional research can be done on the effect of these edited
booklets.

d. Although the multi-method study tries to link the first and second
stages and eliminate the compounding variables as much as possible,
it is possible to differentiate this research pattern. In the first stage, it
may be important to take verbal expressions of the students about

their own metacognitive activities after the guidance experience,
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apart from the verbal expressions of the teachers and science center
instructors regarding the students' perceived metacognitive activities.

e. In addition, what students with different performance levels do in
current activities in science lessons can be observed before the
intervention. And, in the second study, by developing metacognitive
interventions, it can be investigated what kind of metacognitive
behaviors students at different performance levels exhibit in which
exhibition units. Thus, the first and second studies may be matched
on the basis of students' metacognitive processes.

f. Before examining the metacognitive processes of the collaborating
students and what kind of metacognitive activities they demonstrate
over time in individual and interindividual dimensions, preliminary
activities for cooperation can also be done in the first study.

(2) Instructional Design Models: Although this study currently did not refer an
integrative model for metacognitive-oriented instructional design, different
instructional design approaches should be applied within the real context, and
the comparison might offer effective strategies for the integration of school
science curriculum into the science centers.

a. It may be important for students with different achievement levels in
science classes to be included in the intervention development
suggestions in these models. Thus, an instructional designer might
have had prior knowledge of what kind of interventions he could
develop while supporting the metacognitive activities of students at
different levels.

b. In the study, it was observed that the students with low performance
level followed an indecisive path while answering the questions on
the worksheets while cooperating. Because of this unstable strategy,
questions for low-performing students can be arranged from simple

to complex. In addition, instead of leaving the choice to them in the
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first questions, it can be ensured that they take a determined path with
directive texts.

c. Inaddition, in cases where low and high performance students match,
while the student with low performance level tends to follow the
student with high performance level without questioning, towards the
end of the questions, students with high performance level prefer to
answer the questions alone by monopolizing the leadership. For this
reason, different roles should be assigned to students, as much as
possible in the handouts during collaborative work. During the study,
it was observed that the student who had a workheet and a pen was
more effective. For this reason, in an instructional design model, it is
important that the environment is guiding so that students can share
work under equal conditions.

(3) Theoretical Aspects: Since a collaborative activity requies joint attention and
shared understanding, interpersonal synchrony and interpersonal subjectivity
are also significant theoretical aspects to discuss regarding to the construct
“shared metacognition” . Also, level of collaboration is a significant factor
may have a role in shared metacognition in the long-run, the interaction
between the level of collaboration and students’ metacognitive activity
diversities would be a valuable research.

a. There may be a correlation between the metacognitive activities of
the science center educators during the guided tour and the
metacognitive activities of the students during cooperative learning.
Therefore, research on metacognitive transition can be very valuable.

b. In addition, low-performing students, when matched, display
metacognitive activities such as taking notes and crossing them, even
though they read and answer questions in an indecisive way.
However, it is difficult for students to adapt to the environment. This
can also be about self-esteem. In the first study, a teacher stated that

students of different performance levels were equal in the science
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center environment and that this low performance level improved
their self-esteem. It can be examined how variables such as self-
esteem and self-efficacy differ in students with different performance
in such environments.

c. In addition, students also demonstrate metacognitive-oriented
cognitive activities. Eye movements and student behavior can
determine the nature of these activities. Therefore, the relationship
between embodied perception and metacognition can be examined
through cognitive tools in the science center environment.

(4) Methodological Tools: Current thesis study used multi-method study design
to take holistic view perspective for the instructional design processes within
the science centers. First, for the guidance and the collaborative activity,
video camera recordings and glass eye-tracking devices were used. Although
used methodological tools provided a time-series coding alternative for the
researcher, an online science center environment may require event logs for
each collaborative pair during their collaborative activity. Therefore, there
might need for other methodological tools, such as mobile-based screen and
movement recorders. How acquired information processed by using the event
logs to see the interaction between each collaborative pairs may require log-
based information processing systems. Second, changes in study designs
considering the context, person, and the task variables might offer evidences
for the dynamic and adaptive metacognitive processes within the science
center environments. Also, different study designs might offer a better
definition of the construct “metacognition”. A longitudinal study-design,
time-series analysis within different contexts (in experimental laboratories,
in real context, and in virtual context) should be investigated. However, just
using a different kind of tool does not mean to have meaningful data. So,
there needs detailed theoretical findings.

(5) Educational Policy: Since science centers are among the leading alternative

informal learning environments and they can gain experiences in parallel

331



with the achievements in the school curriculum, studies can be carried out on
how to integrate science center activity experiences into the lessons in the

school.
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APPENDICES

A. Interview Protocol for Science Center Educators (Turkish Version)

Sozlii Goriisme Protokolii
Tarih: Gorlismeye katilan:

Mekan:

Bu 6n arastirmada sozIii goriisme i¢in goniillii oldugunuzdan dolay1 tesekkiir ederim.
Bu calismada, bilim merkezlerinin halihazirdaki durumu ve bilim merkezinde
uygulanmakta olan etkinliklerin 6grencilerin iist bilislerini ne 6l¢iide destekledigini
arastirryorum.

Liitfen bu goriismede sizi degerlendirmedigimi ve yapti§iniz tim uygulamalarla
ilgili soru soramayacagimi hatirlayiniz. Goriisme sirasinda alinacak tiim verilerin
gizli tutulacagini ve arastirma siiresi tamamlandiktan sonra imha edilecegini size
bildirmek isterim. Ayrica, goriismeyi gergeklestirdigim her bir bilim merkezi
calisan1 ve egitimcisinin bir mahlasla adlandirilacagini bilmenizi isterim. Sizin tercih
ettiginiz bir mahlas varsa, gturkmen@metu.edu.tr adresinden beni haberdar
edebilirsiniz.

Elinizde bulunan ikinci kagit, goniillii katilim formudur. Liitfen dikkatlice okuyup
sizin i¢in de uygunsa bu formu imzalayiniz. Goriigme oturumumuz sirasinda ses
kaydi almam sizin i¢in uygun mu? Son olarak, baslamadan 6nce sormak istediginiz
bir soru var m1?

1. Bilim merkeziniz i¢in igbirligi sagladiginiz kisi ve kurumlar bulunmakta mi1?
a. Bilim merkezinin tasarimi, materyallerin se¢imi ve etkinlikler ile ilgili
igbirligi saglamakta misiniz?
b. Ogrencilerle isbirligi yapiyor musunuz?
c. Ogretmenlerle isbirligi yaptyor musunuz?
d. Merkez egitimcileriyle isbirligi saglamakta misiniz?
2. Isbirligini nasil saglamaktasiniz?
a. Etkinlikleri tasarlamadan 6nce isbirligi saglamakta misiniz?
b. Etkinlikleri tasarladiktan sonra isbirligi saglamakta misiniz?
c. Etkinliklerde yenileme yapiyor musunuz?
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d. Etkinliklerdeki yenilemeleri neye gore yapiyorsunuz?
Bilim merkezinize ne tiir ziyaretleri kabul etmektesiniz?
a. Okul ziyaretleri 6ncesi merkez egitimcileri, fen 6gretmenleri ve
ogrenciler ne yapiyor?
b. Okul ziyaretleri sirasinda merkez egitimcileri, fen 6gretmenleri ve
ogrenciler ne yapiyor?
c. Okul ziyaretleri sonrasinda merkez egitimcileri, fen 6gretmenleri ve
ogrenciler ne yapiyor?
Bilim merkezinizde ne tiir etkinlikler diizenlemektesiniz?
Bilim merkezindeki etkinlik planlarinizi yaparken ne tiir faktorleri gz 6niinde
bulunduruyorsunuz?
a. Merkezin tiirii ve 6grencilerin tiirii gibi.
Bu etkinlikler i¢in ana amaglariniz nelerdir?
Bu etkinlikleri gelistirme siirecinizden bahsedebilir misiniz?
e Konulari neye gore belirlemektesiniz?
e Ortamda bulunan materyalleri segme kriterleriniz nelerdir?
e Materyalleri etkinliklere nasil entegre ediyorsunuz?
e Etkinliklerinizde 6grencilerin yonlendirildikleri roller var m1? (Bireysel ve
isbirlikci gibi)
Bu etkinliklerin amaglarina ulagmak i¢in ne tiir bir plan ve prosediir
kullantyorsunuz?

Etkinlikler sirasinda

9.

10.

11.

12.

13.
14.

15.

Ogrencileri bir §grenme gorevi i¢in amag saptarken nasil ve ne ile
destekliyorsunuz?
Ogrencileri bir §grenme gorevini planlamalari igin nasil ve ne ile
destekliyorsunuz?
Ogrencilerin 6grenmelerini gelistirmek igin onlarin motivasyonlarini nasil
artirtyorsunuz?
Ogrencilerin kendi 6grenmelerini izlemeye / kontrol etmeye tesvik etmek i¢in
ne tiir teknikler kullaniyorsunuz?

a. Betimleme

b. Dikkat odaklanmast

c. Ozel gorev stratejileri
Akliniza gelen bir 6rnegi verebilir misiniz?
(Yapmiyorsaniz) Etkinlikler sirasinda 6grencilerin kendi 6grenme siire¢lerini
izlemeye tesvik etmek icin ne tiir uygulamalar yapardiniz?
Ogrencilerin bir grenme gorevi sirasinda kendi gelisimlerini takip etmeyi nasil
sagliyorsunuz?

342



16. Bir 6grenme gorevi sonrasinda 6grencileri yansitma ve degerlendirmeye tesvik
edecek etkinlikler tasarliyor musunuz? Bunlar nelerdir?

17. Bir 6grenme gorevini tamamladiktan sonra, 6grencileri gorevin 6grenme
ciktilarina gore kendi memnuniyetlerini degerlendirmelerini nasil
destekliyorsunuz?

Etkinlikler sonrasinda

18. Bu zamana kadarki deneyimlerinize gore eger etkinliklerinizi tekrar
diizenlemek isteseydiniz nelerde degisiklik yapardiniz?

19. Etkinlikler haricinde bilim merkezi ortaminin tasariminda herhangi bir
degisiklik yapar miydiniz? Bunlar neler olurdu?

20. Sanal bir platformda bilim merkeziniz var m1?
e -Yoksa- Olmasini ister miydiniz?
e Merkezinizin sanal bir platformda temsili olmasinin getirileri nelerdir?

Son notlar:

Etkinlik plan ve 6rneklerinizden dokiiman incelemesi yapmak iizere bir kopya
verebilir misiniz?

Bilim merkezinde gérev yapmis veya yapmakta olan baska egitimcileri roportaj
icin Onerebilir misiniz?
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B. Interview Protocol for Science Teachers (Turkish Version)

Bireysel Goriisme Protokolii
Tarih: Gorlismeye katilan:

Mekan:

Bu 6n arastirmada sozlii gériisme i¢in goniilli oldugunuzdan dolay: tesekkiir ederim.

Bu 6n aragtirmada sozlii gériisme i¢in goniillii oldugunuzdan dolay1 tesekkiir ederim. Bu
caligma, Orta Dogu Teknik Universitesi Fen Bilimleri Enstitiisii Bilgisayar ve Ogretim
Teknolojileri Egitimi Boliimii’'nde doktora 6grenimine devam etmekte bulunan Gamze
Tiirkmen tarafindan Prof. Dr. Zahide YILDIRIM danismanliginda ortaokul 7. smif
diizeyindeki Ogrencilerin bilim miizelerin kapsaminda yapilan fen bilimleri etkinlikleri
boyunca iist bilis bilgi ve regiilasyonlarinin gelisimini gézlemlemek amaciyla yapilmaktadir.

Liitfen bu goriismede sizi degerlendirmedigimi ve yaptiginiz tiim uygulamalarla ilgili soru
soramayacagimi hatirlayiniz. Goriisme sirasinda alinacak tiim verilerin gizli tutulacagini ve
aragtirma siiresi tamamlandiktan sonra imha edilecegini size bildirmek isterim. Ayrica,
goriismeyi gergeklestirdigim her bir bilim merkezi ¢alisgan1 ve egitimcisinin bir mahlasla
adlandirilacagini  bilmenizi isterim. Sizin tercih ettiginiz bir mahlas varsa,
gturkmen(@metu.edu.tr adresinden beni haberdar edebilirsiniz.

Goriismemiz yaklasik olarak 45-50 dakika siirecektir. Goriisme sirasinda ara vermek
isterseniz, bu durumla ilgili beni bilgilendirmeniz yeterlidir. Elinizde bulunan ikinci kagit,
goniilli katilim formudur. Liitfen dikkatlice okuyup sizin i¢in de uygunsa bu formu
imzalaymiz. Goriisme oturumumuz sirasinda ses kaydi almam sizin i¢in uygun mu? Son
olarak, baglamadan 6nce sormak istediginiz bir soru var mi?

Baslayabilir miyiz?
Arka plan Sorular::

1. Ne kadar siiredir 6gretmen olarak gérev yapiyorsunuz?

2. Su anki 6gretim ortaminiza yonelik kisa bir tanimlama yapabilir misiniz?
a. Ogrenci sayiniz
b. ogrencilerinizle birlikte yaptiginiz sosyal etkinlikler
c. Ogretmen olarak sinif disindaki gérevleriniz

3. Hangi bilim merkezini ziyaret ettiniz?
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4. Bu ziyaretiniz bir defaya mahsus muydu?
a. Hayir ise... ne zaman, kiminle, nerede?

Bilim Merkezi Ziyaretine Yonelik Sorular:

5. Bilim merkezini 6grencilerinizle ziyaret etme kararini nasil aldiniz? Nigin bu
karar1 aldiniz?
Amimsatmalar

a. Amacimiz neydi?
b. Sizin i¢in itici giigler neydi?/tesvik ediciler nelerdi?
c. Busiirecte zorluklar nelerdi?
d. Sizin ve 6grencileriniz i¢in yararlari nelerdi?
6. Ziyaretiniz igin genel bir tamm yapabilir misiniz? Ogretmen olarak ne
yaptiniz?
Animsanicilar:

a. Ziyaret 6ncesinde...
1. Bilim merkeziyle nasil iletisim kuruyorsunuz?
ii. Onlardan ne tiir bilgiler aliryorsunuz?
iii.  Onlardan herhangi bir ricaniz oluyor mu? Bunlar neler?
iv. Ziyaret dncesinde 6grencilerinizi nasil yonlendiriyorsunuz?
b. Ziyaret sirasinda...
1. Ziyaret boyunca 6grencilere rehberlik sagliyor musunuz?
ii. Bilim merkezi egitimcileriyle ziyaret boyunca herhangi bir
isbirligi yapiyor musunuz?
c. Ziyaret sonrasinda...
1. Ne tiir etkinlikler yapiyorsunuz?
e Ogrencilerle
¢ bilim merkeziyle (egitimciler ya da diger calisanlarla)
7. (Ziyaret dncesinde, etkinlikleriniz...) Ogrencilerinizle ziyaret dncesi ne tiir
etkinlikler yapiyorsunuz?
a. Neden bu etkinlikleri ytiriitiiyorsunuz?
b. Ziyaretler dncesinde bu etkinliklerin 6grencilere katkis1 konusunda
ne diislinliyorsunuz?
c. Bu etkinlikleri nasil uyguluyorsunuz?
8. Ziyaret 6ncesinde kendinizi nasil hissediyorsunuz?
9. Sizce 6grencileriniz nasil hissediyorlar? Bunu nasil anliyorsunuz?
10. (Ziyaret sirasinda siz...) Ziyaret sirasinda ne tiir etkinlikler yapiyorsunuz?
a. Bu etkinliklerde sizin roliiniiz nedir?
b. Bu etkinliklerin 6grencilerinize katkisi nedir?
c. Bu etkinlikler okul derslerinizle nasil iliskili?
d. Bu etkinlikleri nasil uyguluyorsunuz?
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11. (Ziyaret sirasinda &grencileriniz...) Ogrencilerinizin ne tiir davranislari
iistbilissel stireglerini yansitmaktadir?
Anmimsaticilar

a. Ogrencilerin sorduklar1 sorular onlarin iistbilissel siireglerinde etkili
mi? Neden?

b. Ogrencilerin akranlariyla isbirligi yapmasi onlar1 iistbiligsel
stireclerinde etkili mi? Neden?

c. Ogrenciler ziyaretleri sirasinda not aliyorlar m1? Nasil?

i. Ogrencilerin not almasi (sdzlii ya da sozsiiz bicimde) onlarin
iistbiligsel siireclerinde etkili mi? Neden?

d. Ogrenciler ziyaret sirasinda herhangi bir ¢alisma kagidi kullaniyor
mu? Ne tiir bir ¢alisma kagidi1? Nasil kullantyor?

i. Ogrencilerin iistbilissel siireglerinde etkili mi? Neden?

e. Bilim merkezi egitimcisi ve 0grenciler arasinda ne tiir bir etkilesim
meydana geliyor?

i. Bu tiir etkilesimler 6grencilerin istbiligsel siireclerinde etkili
mi? Neden?

f.  Ogrenci ve dgretmen arasinda ne tiir bir etkilesim oluyor?

i. Bu tiir etkilesimler 6grencilerin iistbilissel siireclerinde etkili

mi? Neden?
12. (Ziyaret sirasinda, ogrencileriniz...) Ogrencileriniz bu stratejileri nasil
kullaniyor?
a. Ogrencileriniz goreve nasil yonlendiriliyor?
i. On bilgi
ii. Hipotez kurma
iii. Onemli bilgileri tanimlama
iv. Soruyu bagka kelimelerle ifade etme (sizin veya bilim
merkezi egitimcisi tarafindan sorulan)
b. Ogrencileriniz gorev igin planlarini nasil yapiyor?

1. Looking for an information (they knew previously —
connection to prior knowledge) Bilgi arama (6nceden
bildikleri olabilir — on bilgiyle baglantt)

ii. Alt nedenler kurma

iii. Soru sorarak diisiinceleri diizenleme (kendisinin ya da
digerlerinin)
c. Ogrencileriniz gérevi nasil yerine getiriyor?
1. Sesli okuyarak
i1. Tekrar okuyarak
iii.  Not alarak
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iv. Tahmin ederek
d. Ogrencileriniz kendi eylemlerini nasil gdzliiyor?
1. Hata tespiti
ii. Gorev yiikleri iizerine yorumlamalarda bulunma
e. Ogrencileriniz kendi eylemlerini nasil degerlendiriyor?
13. Ziyaret sirasinda kendinizi nasil hissediyorsunuz?
14. Sizce 6grencileriniz kendilerini nasil hissediyorlar? Bunu nasil anliyorsunuz?
15. (Ziyaret sonrasinda, siz...) Ziyaret sonrasinda ne tiir etkinlikler
yliriitmektesiniz?
a. (Ziyaret sonrasinda) Bu etkinlikleri nasil yiiriitiiyorsunuz?
b. Ogrencilerinizin deneyimlerini ders planiyla nasil
iliskilendiriyorsunuz?
16. Ziyaret sonrasinda kendinizi nasil hissediyorsunuz?
17. Sizce dgrencileriniz kendilerini nasil hissediyorlar? Bunu nasil anliyorsunuz?
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C. Research Approval from Applied Ethics Research Center at METU

UYGULAMALL ETIK ARASTIRMA MERKEZI b, ORTA DOGU TEKNIK UNIVERSITESI
APPLIED ETHICE RESEARCH CENTER

DUMLUPINAR BULVARI OGROO
CANKAYA ANKARA/TURKEY

1: +90 312 210 22 91

F2+90 312 210 75 59
ueam@metuedu.ir

=gayiorgezoststy <) T\ L

05 NiSAN 2017

Konu: Degerlendirme Sonucu

Gonderen: ODTU insan Aragtirmalan Etik Kurulu [JAEK)
ilgi: insan Arastirmalan Etik Kurulu Bagsvurusu

Sayin Prof.Dr. Zahide YILDIRIM ;

Damigmanligini yaptginiz doktora 8grencisi Gamze TURKMEN' in  “Ortaoku! Ogrencilerinin Sosyal-
Paylasimii Ustbilissel Streglerinin isbirlikei Ogrenme Sirasinda ve Sonrasinda incelenmesi: Bilim
Merkezi Baglamunda Coklu Yéntem Calismast” bashikh arastirmas) insan Arastirmalan Etik Xurulu
tarafindan uygun gériilerek gerekli onay 2017-EGT-061 protokol numarastile 05.08.2017—-30.12.2017
taribleri arasinda gegerli olmak tizere verilmistir.

Bilgilerinize saygilanmla sunanm.

. PR PTG

Prof."Dr. $. Halil TURAN
Bagkan v .
/ %/// o
Prof. Dr./Ayhan Gurbiiz DEMIR
Uye
V/
Da¢.'Dk. Zana QITAK
/
I} Uye
Vo e 22
¥rd. Dog. Or. Pirjar KAYGAN . ¥rd--Oog. Dr. Emre SELGUK
Uye Uye
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D. Research Approval from Innovation and Educational Technologies
General Directorate of Ministry of National Education

< T.C.
ko ' MILLI EGITIM BAKANLIGI
k j Yenilik ve Egitim Teknolojileri Genel Miidiirliigi
Sayr : 81576613/605.01/4096238 26.02.2018

Konu: Arastirma Izni

ORTA DOGU TEKNIK UNIVERSITESI REKTORLUGUNE
(Ogrenci Isleri Daire Bagkanhg)

ilgi: a)Orta Dogu Teknik Universitesi Ogrenci Isleri Daire Baskanligin 20/02/2018 tarihli
ve 54850036-300-903 sayih yazisy
b) Milli Egitim Bakanhginin 22/08/2017 tarihli ve 35558626-10.06.01-E.12607291
(2017/25) sayil genelge

flgi yazi (a) ile Orta Dogu Teknik Universitesi Bilgisayar ve Ogretim Teknolojileri
Egitimi EABD Doktora Programi 6grencisi Gamze TURKMENin "Ortaokul Ogrencilerinin
Sosyal-Paylasimli Ust Biligsel Siireglerinin Is Birlik¢i Ogrenme Sirasinda ve Sonrasinda
incelenmesi” konulu doktora tezi kapsaminda hazirladigi veri toplama araglarimin Ankara,
Eskisehir, Bursa, Kayseri, Konya, Manisa, Kocaeli, izmir, istanbul, Kirsehir ve Kinkkale
illerinde bulunan resmi ve ozel her tiir ve derecedeki ortaokullarda gorev yapmakta olan
ogretmenlere ve ogretim gormekte olan Ogrencilere  uygulanmasina yonelik izin talebi
Genel Midiirligimiiz tarafindan incelenmistir,

Denetimi il, ilge milli egitim miidirlikleri ve okulkurum idaresinde olmak fizere,
cgitim Ogretim faaliyetlerini aksatmadan, goniillilik csasina gore: onayh bir 6megi
Bakanhigimizda muhafaza edilen ve uygulama swrasinda da muhirlii ve imzah Gmekten
cogaltilmis veri toplama araglarmin ilgi (b) genelge dogrultusunda uygulanmasmna izin
verilmistir.

Geregini bilgilerinize rica ederim.

Giirhan CICEK
Bakan a.
Genel Midiir V.

Ek: Veri Toplama Araci ( 13 Sayfa)

Emniyet Mahallesi Milis Sokak Nu-8 06560 Yenmmahalie-ANKARA Bikgl igin: Sexda KARABULUT Dr. Atdla DEMIRBAS
Telefon No: (0 312) 296 94 00 Fax: (0 312) 213 61 36 Opretmen Koonbnatde
E-Posta: vegiteki@meh.gov.r Internet Adresi: btp:i'yegstek.meb gov.ir Telefom No: (1) 312) 266 95 §2

Bu evrk girvendi clehronik imz i imzlanmigtsr, hitpsc/icvrakscegumch o tr sdrosinden 797 2= 1f73-35¢f-b70d-fCaa kods itk seyi exbilcbitie
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E. The Sent E-mail to Participants for Member-Check

XXX merhaba,
Gectigimiz XXX tarihinde bir goriisme gergeklestirmistik.

Goriismedeki ses kaydini ve yaziya dokiilmiis halini sirastyla baglantida

ve ekte bulabilirsiniz.

//Baglant1 adresi

Gorligmenin kullanilmasini onaylar misiniz? Yanlis anladigim veya

cikarilmasini talep ettiginiz metinler var mi?

Ilgi ve bilginiz icin tesekkiir ederim.

Saygilarimla,

Gamze Turkmen
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F. Science Diary

Bilim Giinligiim

Herbir bilim gezisi ve etkinligi sonrasinda, ayn1 giin icerisinde diisiincelerinizi /
duygularinizi / deneyimlerinizi yazarak bilim giinliigii tutmaya ne dersiniz? Daha

kolay yazabilmek i¢in deneyimleriniz sirasinda notlar alabilirsiniz.
Gilinliigiliniizli yazarken:

- Adimiz1 Soyadinizi, giinliigii yazdiginiz tarihi ve saati yaziniz.
- Diirtist olun.
- Sadece deneyimlerinizi degil ayn1 zamanda fikirlerinizi ve duygularinizi da
paylasin.
- Gerektigini diislindiigliniiz yerlerde 6rnekler verin.
1. Hangi deney diizeneklerini sececegime nasil karar verdim?

2. Ogretmenimle iletisim kurdum mu? Ogretmenime hangi sorular
soracagima nasil karar verdim?
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3. Deneyimim sirasinda arkadaslarimla iletisimim nasildi? Onlarla iletisim
kurmaya nasil karar verdim?

Arkadaslarima soru sordum mu? Bunlar nelerdi?
Arkadaslarima deneyimlerimden bahsettim mi? Bunlar nelerdi?
Arkadaslarima gosterdigim deney diizenekleri oldu mu? Bunlar nelerdi?

Arkadagslarimin sergi diizeneklerini denerken arkadasimin herhangi bir

hatasini fark ettim mi? Bunlar nelerdi?

Arkadaslarimla dikkat ettiklerimi paylastim m1? Bunlar1 paylagmaya nasil

karar verdim?
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4. Deneyim sonunda neler yaptim?

Arkadaglarimla 6grendiklerimi paylagtim mi1? Bunlar nelerdi? Bunlari

paylagmaya nasil karar verdim?

Gezi sonunda degerlendirme yaptim m1? Bunlar nelerdi?

5. Gezi siirecinde kendimi nasil hissettim?
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6. Diger gozlemlerim ve eklemek istediklerim:
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G. Interview Protocols for Multiple Case Study

Interview Protocol for Video Edition Phase
Bireysel Goriisme Protokolii
Tarih: Goriismeye katilan:

Arastirmanin sonlandirilmasi asamasina katildigin i¢in tesekkiir ederim. Asagida, katilmis
oldugun calismanin son agamasina yonelik sorular géreceksin.

Goriisme sorularina cevaben yazacagin metni, Ogretmeninin mail adresiyle birlikte
(...@ttmail.com), bana gondermen (gturkmen(@metu.edu.tr) yeterlidir. Eger bir mail adresi

kullanmiyorsan, sorularin cevaplarini yazdiktan sonra, cevap kagidinin fotografini ¢ekerek
WhatsApp’tan gonderebilirsin.

Video Diizenleme Asamasina Yonelik Sorular:
Geg¢mise Doniik Sorular:

1. Video diizenleme sirasinda, hatirlamadigini diisiindiigiin bir an oldu mu?
Bunlar nelerdi?

2. Video diizenleme sirasinda, sorular1 cevaplarken yaptigimiz herhangi bir
hatay1 fark ettiniz mi? Bunlar nelerdi?

3. Video diizenleme sirasinda, en ¢ok hatirladigini diislindiigiin deney diizenegi
hangisiydi? Neden?

4. Video diizenleme sirasinda, en az hatirladigini diisiindiigiin deney diizenegi
hangisiydi? Neden?

Genel Sorular:

Kendi tirettigin videonu diizenlerken nelere dikkat ettin?
Videonu diizenlerken en ¢ok dikkatini ¢eken sey neydi?
Videonu diizenlerken yasadigin zorluklar nelerdi?
Videonu diizenlemenin sana ne tiir yararlar1 oldu?

PobdPE

Fen Bilgisi Dersine Yonelik Sorular:

5. Video diizenlemenin bilim merkezinde yaptigin deneyleri 6grenmene katkisi
oldugunu diistiniiyor musun? Nedenlerini anlatir misin?

6. Video diizenlemenin en iyi hangi deney uygulamasmi &grendigini
diistinliyorsun? Nedenlerini agiklar misin?
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7. Video dilizenlemenin en az hangi deney uygulamasini O6grendigini
diisiiniiyorsun? Nedenlerini agiklar misin?

Sonlandirma Sorulari:
8. Video diizenleme asamasinin nasil olmasini isterdin?

9. Video diizenleme asamasinin fen bilgisi dersindeki kavramlari anlamaya
yardimci oldu mu? Nedenlerini agiklar misin?
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H. Tables for Research Design

Research

Questions

Research Components

Descriptions

RQ1. What are the
current practices of
science centers for
providing
educational
effectiveness
according to science
center educators’
and science
teachers’

experiences?

Method

Data

Sampling

Research

Methodology
Context
Central
Phenomenon

Data Sources

Data Collection

Data Analysis

Participants

Sampling method

Selection of
participants,
schools and/or

science centers

A qualitative research to investigate current
practices via needs assessment and task
analysis

Science centers in Turkey

Science teachers’ and science center

educators’ experiences of science centers

Semi-structured interview protocols

Example documents from science centers
Research permissions

Interview protocols

Direct observations throughout science center
visits

Creating a case study database

Content Analysis: Data driven thematic
analysis

Document Analysis: Data driven thematic

analysis

20 science center educators

Three science teachers

Purposive sampling

Snowballing

Web searching

Receiving suggestions from each science

center educator
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Research

Questions

Research Components

Descriptions

RQ2. What are the
indicators of
metacognitive
activities of science
center educators
through guidance
period of the
exhibition units
related with science
concepts in

curriculum?

Method

Data

Sampling

Research
Methodology

Context

Central

Phenomenon

Data Sources

Data Collection

Data Analysis

Participants

Sampling method

Selection of
participants,
schools and/or

science centers

A qualitative research to investigate science
center educators’ metacognitive activities
during guidance

Exhibition units in relation with current
science lesson unit within science center
Science center educators’ metacognitive
activities during guidance and students’
conceptual understanding and perceived
experiences after guidance

Video recordings
Conceptual diagnostic paper
Science diary

Research permissions
Science diary

Conceptual diagnostic test
Content Analysis

Video Analysis

Sequential time analysis

Six recorded videos during guidance for two
science concepts

Six science center educators and students
Students as a whole class

Purposive sampling for science centers and
science lesson units

Convenient sampling for schools

Science centers: Availability of exhibition
units in relation with selected science lesson
units.

Participants: Web searching and contacting by
telephone to understand the willingness of
participation in study before face-to-face
meeting
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Research Questions Research Components Descriptions

RQ3. What are the indicators of Method
individual and inter-individual Research A qualitative research to
metacognitive processes in response Methodology investigate students’ individual
to collaborative activities in science and inter-individual
center environments across three metacognitive processes during
cases? collaborative activity period
Context Exhibition units in relation with ¢
Central Students’ metacognitive
Phenomenon processes during collaborative
activity
Data
Data Sources Video recordings
Retrospective interviews
Think-aloud protocols
Data Collection Research permissions
Tobii Glass Eye-trackers
Third-view cameras
Direct and indirect observations
during collaborative activity
Audio recordings for
retrospective interviews after
collaborative activities
Edited video products by
students
Data Analysis Content Analysis
Conversation Analysis
Sequential time analysis
Video analysis
Sampling
Participants 70 seventh grade students (35
collaborative matched-pairs)
Sampling method Convenience sampling
Purposive sampling
Selection of Voluntary students
participants,
schools and/or
science centers
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I. Conceptual Diagnostic Paper for Each Science Center Visit

Lesson Unit: Work and Energy
Week: Force and Pressure

KAVRAM DEGERLENDIRMESI
Degerli 6grenciler,

Asagidaki tablolarda bilim merkezi gezisi sirasinda konu kazanimlariniza yonelik
anlatimlarin yapildig: sergi iinitelerini gérmektesiniz. Liitfen tist kutucuklarda

bulunan sorular1 uygun bosluklara kendi ciimlelerinizle cevaplaymiz.

Sergi iinitesi Calistirirken Mliskili fen Calisma prensibini
neler kavramlar iligkili kavramlari
gozlemlediniz? nelerdir? kullanarak aciklayiniz
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Sergi iinitesi Calistirirken Mliskili fen Calisma prensibini
neler kavramlari iliskili kavramlari

gozlemlediniz? | nelerdir? kullanarak acgiklayimniz
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Lesson Unit: Work and Energy

Week: Work and Energy

Degerli 6grenciler,

KAVRAM DEGERLENDIRMESI

Asagidaki tablolarda bilim merkezi gezisi sirasinda konu kazanimlariniza yonelik

anlatimlarin yapildig: sergi iinitelerini gérmektesiniz. Liitfen Gist kutucuklarda

bulunan sorular1 uygun bosluklara kendi ciimlelerinizle cevaplayimiz.

Sergi iinitesi

Cahstirirken
neler

gozlemlediniz?

Mliskili fen
kavramlan

nelerdir?

Calisma prensibini
iligkili kavramlari

kullanarak aciklayimz
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Sergi iinitesi Calistirirken Mliskili fen Calisma prensibini
neler kavramlari iliskili kavramlari

gozlemlediniz? | nelerdir? kullanarak acgiklayimniz
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Lesson Unit: Mirrors and Light Absorption

KAVRAM DEGERLENDIRMESI

Degerli 6grenciler,

Asagidaki tablolarda bilim merkezi gezisi sirasinda konu kazanimlariniza yonelik

anlatimlarin yapildig: sergi tinitelerini gérmektesiniz. Liitfen iist kutucuklarda

bulunan sorular1 uygun bosluklara kendi ciimlelerinizle cevaplayimiz.

Sergi iinitesi Cahstirirken
neler

gozlemlediniz?

Iliskili fen
kavramlari

nelerdir?

Calisma prensibini
iliskili kavramlari

kullanarak aciklayimz

364




Lesson Unit: Solar System and Beyond

Degerli 6grenciler,

KAVRAM DEGERLENDIRMESI

Asagidaki tablolarda bilim merkezi gezisi sirasinda konu kazanimlariniza yonelik

anlatimlarin yapildig: sergi tinitelerini gérmektesiniz. Liitfen iist kutucuklarda

bulunan sorular1 uygun bosluklara kendi ciimlelerinizle cevaplayimiz.

Sergi iinitesi

Cahstirirken
neler

gozlemlediniz?

Iliskili fen
kavramlari

nelerdir?

Calisma prensibini
iliskili kavramlari

kullanarak ac¢iklayimiz
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Sergi iinitesi Cahistirirken Iliskili fen Calisma prensibini
neler kavramlari iliskili kavramlari

gozlemlediniz? | nelerdir? kullanarak aciklayimniz
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J. Worksheets for Collaborative Pairs for Each Case

Lesson Unit: Work and Energy

Worksheet: Force and Pressure

Kuvvet ve Basing
Degerli arkadaslar,

Bu etkinlikte, Kuvvet ve Enerji linitesine yonelik okul gezilerinizde incelediginiz
sergi Uinitelerini, bilim merkezine gelemeyen arkadaglarmizla ¢ekilen videolari
paylagmak iizere deneyimleyeceksiniz. Etkinlik sirasinda, miimkiin oldugunca her
adimiiz sesli diistiniin ve gerektigi takdirde notlar alin. Bdylece videolar1
paylagmadan 6nce gézden gegirirken, tiim siirecinize yonelik ipuglari

edinebilirsiniz.

Etkinlik siirecinde, size verilen el kagitlarini etkinlige baglamadan 6nce plan
olusturmak, olusturdugunuz planlari takip ettiginizi anlamak ve planiniza uyup

uymadigimizi kontrol etmek iizere kullanabilirsiniz.
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Etkinlik 1:

Tiim giicliniizle zipladiginizda yerden ne kadar uzaklasabiliyorsunuz?

Zipladiginizda ¢ok kisa bir siire sonra yere diisersiniz. Buna gore ziplayinca yerden
cok fazla uzaklasmamanizin ve kisa siire sonra yere diigmenizin nedeni ne olabilir?
Yukar1 dogru attiginiz bir top tekrar yere diiserken yerde yuvarlanan top neden geri

gelmez?

Hatirlayalim: Giinliik hayatta varliklara sayisiz kuvvet uygularsiniz ve bir¢cok
kuvvetin etkisinde kalirsiniz. Bir kuvvetin etkisindeki varliklarda hizlanma,

yavaglama, donme, yon degistirme, sekil degistirme gibi etkiler ortaya ¢ikabilir.

Zat kutuplu miknatislar birbirini yaklastirildiginda birbirine ¢gekme kuvveti uygular.
Buna gore diinya; tizerindeki cisimlere, Diinya tizerindeki cisimler de Diinya’ya
cekme kuvveti uygular. Ancak Diinya’nin kiitlesi ¢ok biiyiik oldugundan Diinya
hareket etmezken {izerindeki cisim Diinya’ya dogru hareket eder. Diinya ile

iizerindeki cisimler arasindaki bu kuvvete yer ¢ekimi kuvveti ad1 verilir.

Bu etkinlikte amaciniz kuvvet kavramini, bilim merkezini ziyaret etmemis olan bir

akraniniza anlatabilmeniz. Bunun i¢in liitfen asagidaki sorular1 gézden geciriniz.

1. Kuvvet kavramini hatirlatmak ve arkadaslariniza 6nbilgi saglamak i¢in
hangi diizenegi/diizenekleri kullanirdiniz?
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2. Neden bu diizenegi/diizenekleri secerdiniz?

3. Hangi sirada anlatirdiniz? Liitfen agagida alt amaglarinizi listeleyiniz.

Bir veya birden fazla diizenek sectiniz. Bu diizenegi / diizenekleri arkadaglariniza

anlatmak i¢in alt amaclar belirleyin.
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Sectiginiz diizenekler arasinda FEE A diizenegi var miyd1?
Eger yoksa, bu diizenegi arkadaslariniza anlatmak i¢in alt amaglar
belirleyin.

Diizenegin amact:

. Alt amaglariniz:

Nasil ¢alistyor?

Glinliik hayatla iligkilendirilebilir mi? Nasil?

. Eger baska bir diizenek sectiyseniz, arkadaslariniza bu diizenegi nasil
anlatirdiniz?
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Sorular1 cevapladiktan sonra, liitfen kendinizi degerlendiriniz:

1. Etkinlik baginda yazdiginiz alt amaglar1 gézden geciriniz. Bu amaglarin ne
kadarin1 sagladiniz?

2. Amaglarimizi yenilemek isteseniz, eklemek/¢ikarmak istedikleriniz olur
muydu? Bunlar neler olurdu?
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Etkinlik 2:

Yukaridaki gorselde el izlerinin derinligi ayn1 m1? El izleri derinliginin birbirinden

farkli olmasinin nedeni nedir? Bunu hangi kavramla agiklayabiliriz?

Bu etkinlikte amaciniz basing kavramini, bilim merkezini ziyaret etmemis olan bir

akraniniza anlatabilmeniz. Bunun i¢in liitfen asagidaki sorular1 gézden geciriniz.

1. Basincin bagh oldugu degiskenleri gostermek ve basing kavramini
tanimlamak i¢in hangi diizenegi/diizenekleri kullanirdiniz?

2. Neden bu diizenegi/diizenekleri segerdiniz?
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3. Hangi sirada anlatirdiniz? Liitfen asagida alt amaglarinizi listeleyiniz.

Bir veya birden fazla diizenek segtiniz. Bu diizenegi / diizenekleri arkadaglariniza

anlatmak i¢in alt amaclar belirleyin.
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Sectiginiz diizenekler arasinda diizenegi var
miydi1? Eger yoksa, bu diizenegi arkadaslariniza anlatmak i¢in alt amaglar
belirleyin.

Diizenegin amact:

Alt amaglariniz:

Giinliik hayatla iliskilendirilebilir mi? Nas1l?

. Bu diizenek yardimiyla asagidaki sorulara cevap bulmaya calisiniz:

Tiim kat1 cisimler agirliklarindan dolay: temas ettikleri ylizeylere kuvvet
uygular. Elimizle bir kumun tlizerine dik ve yatay olarak es kuvvetler
uyguladigimizda farkli derinlikler gézlemleriz. Bu farkli yilizeylerin kumda
olusturduklar1 derinliklerin farkli olmasinin nedeni nedir?
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b. Basicin bagli oldugu degiskenler nelerdir?

c. Budegiskenleri kullanarak basinci nasil tanimlariz?

Sorular1 cevapladiktan sonra, liitfen kendinizi degerlendiriniz:

3. Etkinlik basinda yazdiginiz alt amaglar1 gézden gegiriniz. Bu amaglarin ne
kadarinmi sagladiniz?

4. Amaglarimizi yenilemek isteseniz, eklemek/¢ikarmak istedikleriniz olur
muydu? Bunlar neler olurdu?
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Etkinlik 3:

Bu etkinlikte amaciniz, yukaridaki gorselde bulunan diizenegi kullanarak sivi
basinciin hangi degiskenlere bagli oldugunu agiklamak ve sivi basincini bu

degiskenler araciliiyla tanimlamaktir.

1. Alt amaglarmiz nelerdir?

2. Diizenegi tanimlayimniz. Nasil calisir? Tiiplerdeki sivilarda herhangi bir
farklilik var m1?

3. Diizenegi calistirdiginizda ne goriiyorsunuz? Bunun nedeni nedir?
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4. Bu tiliplerde birer delik olsaydi, sivilarin figkirma mesafeleri nasil degisirdi?

Sorular1 cevapladiktan sonra, liitfen kendinizi degerlendiriniz:

1. Etkinlik basinda yazdiginiz alt amaglar1 gézden geciriniz. Bu amaglarin ne
kadarini sagladiniz?

2. Amaglarimizi yenilemek isteseniz, eklemek/¢ikarmak istedikleriniz olur
muydu? Bunlar neler olurdu?
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Etkinlik 4:

Bu etkinlikte amaciniz, yukaridaki gorselde bulunan diizenegi kullanarak ac¢ik hava
basincinin hangi degiskenlere bagl oldugunu agiklamak ve agik hava basincini bu

degiskenler yardimiyla tanimlamaktir.

1. Alt amaglarmiz nelerdir?

2. Diizenegi/dlizenekleri tanimlayiniz. Adlari nedir? Nasil ¢alisir?

3. Diizenegi/diizenekleri calistirdiginizda ne goriiyorsunuz? Bunun nedeni
nedir?
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4. [lk diizenek icin:
a. Topun sag ve sol tarafina uygulanan basinglar arasinda bir fark var
mi1?
b. Top nasil havada kaliyor?

5. Ikinci diizenek icin:
a. Balon hangi faktorler yardimiyla ytikseliyor? Neden?

6. Acik hava basincinin bagh oldugu degiskenler nelerdir?

Sorular1 cevapladiktan sonra, liitfen kendinizi degerlendiriniz:

1. Etkinlik baginda yazdiginiz alt amaglar1 gozden geciriniz. Bu amagclarin ne
kadarinm sagladiniz?
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2. Amaglarimizi yenilemek isteseniz, eklemek/¢ikarmak istedikleriniz olur
muydu? Bunlar neler olurdu?
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Worksheet: Energy and Energy Transformation

I
! ENERJT |

Amacimz, fiziksel anlamda yapilan is ve enerji kavramini anlatabileceginiz diizenekleri belirlemek
ve enerji ve fiziksel anlamda yapilan is arasindaki iliskiyi not etmektir.

1. Hangi diizenegi/diizenekleri segerdiniz?

2. Neden bu diizenegi/diizenckleri secerdiniz?

3. Bu diizenek/diizencklerle kavramlar anlatirken belirleyecegini alt amaclar nelerdir?

4. Enerji ve fiziksel anlamda yapilan is arasindaki iliskiden bahsediniz.

2 | .
KINETIK ENERJI |

Amacimz, kinetik enerjinin bagh oldugu degiskenleri belirlemek ve bu degiskenlerle arasinda nasil
bir iligki oldugunu ifade etmektir.

1. Resimdeki deney diizenegini kullanmadan &nce alt amag-
larinizi yazimz.

a. Hangi disk sonuca en erken variyor? Neden?

b. Egik diizlemin siirtiinme kuvveti arttirildiginda disklerin varis siireleri nasil degisir?

c. Kinetik enerjinin bagh oldugu degiskenler nelerdir? Aralarindaki iligkiyi tammlayimz.

Kendinizi degerlendirmek igin arka sayfayi geviriniz. :
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KINETIK ENERJI: DEGERLENDIRME

Amacimz, kinetik enerjinin bagh oldugu degiskenleri belirlemek ve bu degiskenlerle arasinda nasil

bir iligki oldugunu ifade etmektir.

1. Sunulan deney diizenegi haricinde hangi deney diizenegini/diizeneklerini kullanirdimz?

2. Sizce yazdiginiz alt amaglarin ne kadarim sagladimiz? Neden?

3. Sorular cevaplarken nasil bir strateji kullandimz?

4. Amaglarimizi yenilemek isteseniz eklemek/¢ikarmak istedikleriniz olur muydu? Bunlar
nelerdir?

POTANSIYEL ENERJI

Amaciniz, ¢cekim potansiyel enerjisinin bagh oldugu degiskenleri belirlemek ve bu degiskenlerle

arasinda nasil bir iliski oldugunu ifade etmektir.

1. Resimdeki deney diizenegini kullanmadan 6nce alt amag-
larimz1 yazimz.

a. Farkli agirhklardaki iki topu ayni yiikseklikten biraktigi-
mizda ne gozlemliyorsunuz? Nedeni nedir?

b. Aym agirhiklardaki iki topu farkl: yiikseklikten biraktifimzda ne gozlemliyorsunuz? Ne-
deni nedir?

c. Cekim potansiyel enerjisinin bagh oldugu degiskenler nelerdir? Aralarindaki iliskiyi ta-
nimlayiniz.

Kendinizi degerlendirmek igin arka sayfayi geviriniz. :
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| POTANSIYEL ENERJI: DEGERLENDIRME |

Amacimz, ¢cekim potansiyel enerjisinin bagh oldugu degiskenleri belirlemek ve bu degiskenlerle
arasinda nasil bir iliski oldugunu ifade etmektir.

1. Sunulan deney diizenegi haricinde hangi deney diizenegini/diizeneklerini kullanirdimz?

2. Sizce yazdiginiz alt amaglarin ne kadarini sagladimiz? Neden?

3. Sorulari cevaplarken nasil bir strateji kullandimz?

4. Amaglarmniz1 yenilemek isteseniz eklemek/gikarmak istedikleriniz olur muydu? Bunlar
nelerdir?

ENERJI DONUSUMLERI

Amaciniz, giinliik yasamdaki enerji tiiderini listelemek, enerji doniisiimlerini 6rneklemek ve
enerjinin yok edilip edilemeyecegini ifade etmektir.

1. Resimdeki deney diizenegini kullanmadan 6nce alt amag-
larinizi yaziniz.

a. Diizenegi ¢alistirdiginizda hangi enerji tiirlerini gézlemli-
yorsunuz? Bu enerji tiirlerinin hangi sirayla birbirine dontis-
tiiglinii yazimz.

b. Sizce enerji yok edilebilir mi? Neden?

Kendinizi degerlendirmek igin arka sayfayi ¢eviriniz. g
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ENERJI DONUSUMLERI: DEGERLENDIRME |

Amaciniz, giinliik yasamdaki enerji tiilerini listelemek, enerji doniisiimlerini 6rncklemek ve
enerjinin yok edilip edilemeyecegini ifade etmektir.

1. Sunulan deney diizenegi haricinde hangi deney diizenegini/diizeneklerini kullanirdimz?

2. Sizce yazdiginiz alt amaglarin ne kadarini sagladimiz? Neden?

3. Sorulari cevaplarken nasil bir strateji kullandimz?

4. Amaglarmiz1 yenilemek isteseniz eklemek/gikarmak istedikleriniz olur muydu? Bunlar
nelerdir?

ENERJI DONUSUMLERI II

Amacimz, giinliik yasamdaki enerji doniigiimlerini 6rneklendirmektir.

1. Resimdeki deney diizenegini kullanmadan 6nce alt
amagclarimzi yazimz.

2. Pedallari gevirdiginizde ne gézlemliyorsunuz?

3. Uyguladigimz kuvveti arttirdik¢a ne goézlemliyorsunuz?
Neden?

Kendinizi degerlendirmek igin arka sayfayi ¢eviriniz. g
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[ ENERJI DONUSUMLERI 1I: DEGERLENDIRME |

Amacinz, giinliik yasamdaki enerji doniisiimlerini 6rneklendirmektir.

1. Sunulan deney diizenegi haricinde hangi deney diizenegini/diizeneklerini kullanirdimz?

2. Sizce yazdiginiz alt amaglarin ne kadarini sagladimz? Neden?

3. Sorulan cevaplarken nasil bir strateji kullandimz?

4. Amaglarimz: yenilemek isteseniz eklemek/gikarmak istedikleriniz olur muydu? Bunlar
nelerdir?
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Worksheet: Mirrors and Light Absorption

(5)  AYNALAR II: DEGERLENDiRME

Amacimz, ayna gesitlerini gizlemleyverek die, cubur ve timsek aynalarda olugan gonintiled alt
amaglar belideyerek karsilastirmaktr.

1. Sunulan deney dizene@ haricinde yukandaki amaci saglamak igin hangi deney ditzeneginif
ditzencklering kullamrdimz? Neden?

2. Yardizmz alt amaglanmiza neye gire karar verdiniz?

3. Herbir alt amacinin gergeklestirirken neler fark ettiniz?

4. Sorulan cevaplarken nasil bir yontem belidediniz?

5. Amaglanmz yenilemek isteseniz eklemekfoikarmak istediklenniz olur muydu? Bunlar nelerdir?
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Worksheet (Cont.): Mirrors and Light Absorption

©) AYNALARII

Amacimz, ayna gesitlerini gizlemleyerck diie, cukur ve timsek ayvnalanda olusan gonintiled alt
amaglar belideyerck karsilastrmakir.

1. Fotografta pirdiidinie “Sonsuz gorinti” dizenegini bulunuz. Sizce bu
deney diizenef yukandaks amact saglyor mu? Neden?

2. Bu deney diizeneging kullanmadan nee beyvar 151tk ve renk kavramlarim

nasil anlatecamniza karar venniz. Anlatacaklanmen siralayimz.

3. Amacimza yinelik alt amaglar belirleyiniz. Herbir alt amacinin gergeklestirirken neler fark ettiniz?

4. Bu dizenekte kag ayna var? Bu ditzenekteki ayna, ne tir aynalara drnektir?

5. Bu dizenckteki sonsuz girinti nasil oluguyor?

6. Iki timsek aynay birbirine paralel yerlestirsek vine sonsuz goninti olusur muydu? Neler olurdu?
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Worksheet (Cont.): Mirrors and Light Absorption

() AYNALAR: DEGERLENDIRME

Amacimz, ayna cesitlerini gizlemlevenk dite, cukur ve timsek aynalands olusan ginintiled alt
amaglar belirdeyerck karsilastirmaktir,

1. Sunulan deney dizene@ hancinde yukandaki amac saglamak igin hangi deney dizenegmy/
ditzeneklerini kullamirdimz? Neden?

2. Yardifimz alt amaglanniza neye gire karar verdiniz?

3. Herbir alt amacima gergeklestirirken neler fark ettiniz?

4. Sorulan cevaplarken nasil bir yvéntem belidediniz?

5. Amaglanma yenilemek isteseniz eklemekfgikarmak istediklenniz olur muydu? Bunlar nelerdir?
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Worksheet (Cont.): Mirrors and Light Absorption

O AYNALAR

Amacimz, ayna ¢esitlerini gozlemleyerek diiz, cukur ve tiimsek aynalarda olugan gonintileri alt
amaglar belifleyerek karsilagtirmakur.

1. Fotografta gordiiiiniz “Yaya Dokunun" diizenegini bulunuz.
Sizce bu deney diizene@i yukaridaki amach sagliyor mu? Neden?

2. Bu deney diizenegini kullanmadan once beyaz isik ve renk
kavramlanni nasil anlatacagimiza karar veriniz. Anlatacaklanmaz
siralayimiz.

3. Amacimza yonelik alt amaglar belirleyiniz. Herbir alt amacinzi gergeklegtirirken neler fark ettiniz?

4. Bu duzenckteki yayin gorintisi nasil oluguyor?

5. Bu duzenckteki ayna, ne tiir aynalara 6mektir?

6. Bu diizenckte diger ayna tirleri kullanilsa nasil bir gorintii olugurdu? (Diizenekte kullamlan ayna tini
haricindeki)

7. Bu dizenckte yay degil bagka bir cisim kullanilsa, yine aym gériintii olusur mu? Neden?
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Worksheet (Cont.): Mirrors and Light Absorption

(3) RENKLI GORUNME: DEGERLENDIRME

Amacimz, gizlemleniniz sonueunda cisimlerin, sivah, bevaz ve renkli girinmesinin nedendni, alt
amaglar belideyerck sifin yansimas: ve sofmlmasivia iliskilendirmektir.

1. Sunulan deney direne @ haricinde yukandaki amac saglamak igin hangi deney dizeneging/
ditzencklerim kullamrdimz? Meden?

2. Yardiimiz alt amaglannza nasil karar verdiniz?

3. Herbir alt amacimin gergeklestinitken neler fark ettiniz?

4. Sorulan cevaplarken nasil bir yéntem belidediniz?

5. Amaglarmin yemlemek isteseniz eklemek/gikarmak istediklenniz olur muydu? Bunlar nelerdir?
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Worksheet (Cont.): Mirrors and Light Absorption

©) RENKLI GORUNME

Amaciniz, gozlemleriniz sonucunda cisimlerin, siyvah, beyaz ve renkli gorinmesinin nedenini, alt
amaglar belirleyerek isigin yansimas: ve sogrulmasiyia iliskilendirmektir.

1. Fotografta gordiginuz “Tek renkli oda” diizenegini
bulunuz. Sizce bu deney diizeneg@i yukandaki amaci
saghyor mu? Neden?

2. Bu dency diizenegini kullanmadan once beyaz isik ve renk kavramlanm nasil anlatacagimza karar
veriniz. Anlatacaklannizi siralaymiz.

3. Amacimza yonelik alt amaclar belirleyiniz. Herbir alt amacimzi gergeklestirirken neler fark ettiniz?

4. Bu diizenckteki cisimler sizce hep aym tonda mi? Neden?

5. Diizenckteki boga cismi neden kirmiz: renkhi?

6. Ditzenckteki tiim cisimler bagka bir renk tonunda gériinebilir miydi? Nasil?

7. Sicaklik gibi fiziksel etmenler degistiginde neler olurdu?
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Worksheet (Cont.): Mirrors and Light Absorption

©) BEYAZ ISIK: DEGERLENDIRME

Amacimz, beyaz isifin tiim i1k renklerinin bilesiminden ol pstugu sonucunu belirleyveceginiz deney
diizencklerine yinelik alt amaglarla birlikte grlkarmaktr.

1. Sunulan deney dizene@ hancinde yukandaki amact saglamak igm hangi deney ditzenegimi/
dizencklerim kullamrdmiz? Neden?

2. Yardifmiz alt amaglanmza nasil karar verdiniz?

3. Herbir alt amacimin gengeklegtinicken neler fark ettiniz?

4. Sorulan cevaplarken nasil bir yintem belirlediniz?

5. Amaglarmn venlemek isteseniz eklemekfgikarmak istediklenmz olur muydu? Bunlar nelerdir?
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Worksheet (Cont.): Mirrors and Light Absorption

©) BEYAZ ISIK

Amacimz, beyaz safin tiim i1k renklerinin bilesiminden olpstofu sonueunu belirlevecefiniz deney
diizencklerine yonelik alt amaglarla birlikte gilkarmaktir.

I. Fotografta pirdiiniz “Savise renk” dizenegini bulune.
Sizee bu deney dizenegi yukanidaki amact saghyor mu?
Meden?

2. Bu deney dizene@ini kullanmadan onee beyaz ik ve renk kavramlanm nasil anlatacagmza karar
verimiz. Anlatacaklanmiz siralavimz.

3. Amacimza yinelik alt amaglar belirleyiniz. Herbir alt amacimz gergeklestinirken neler fark ettiniz?

4. Diizencktekn mavi, yesil ve kirmiz renkteki isiklan agarak bir renk elde etmeve galisin? Me renk elde
ettingz?

5. Drizenckteks mavi, ke, yesil renkteki ypiklan kapatarak bir renk olugturmaya galigm. Ne renk
olusurdunuz?

fr. Dilzenckteki iklann tonlarim sik seviyeleriyle oynayarak birinden az birinden gok olacak sekilde
kangtnn? Hangi ana renklerden hangi renklen ve tonlan elde ettinz?
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Worksheet (Cont.): Mirrors and Light Absorption

©) BEYAZ ISIK: SERBEST SECIiM

Amacimz, bevae mifin tiim ik menklerinin bilesiminden olustuiu sonucunu belirleyvece@iniz
deney diizeneklenne vinelik alt amaglarla birlikte gikarmaktir.

1. Hang diizenegidiencklen segerdimz?

2. Neden bu diizeneklen segmeye karar verdiniz?

3. Bu dizenck/diizencklerle ilgili kavramlan hangi asamalarla anlatrdimz? Amacimiza yonelik alt amaglar
belirleyiniz.

4. Bevaz ik ve renkler arasindaki iliskiden bahsediniz.
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Worksheet (Cont.): Mirrors and Light Absorption

(o) SERBEST SECIM

Amacimez, siee verlen deney dienckled haricindeld bagka bir deney dieene@ini anlatimmiza
eklemek ve ilmh kavram ve konulan kegfetmektir.

1. Hangi ditzenegn segerdiniz?

2. Neden bu diizeneklen segmeye karar verdiniz?

3. Bu dizenek hangi kavramlarla ihgkili? Bu kavramlan nasil anlatirdmiz?

4. Diizenckle ilgih gozlemlenniz ve ditzenein cahgma prensibini yazniz.
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Worksheet: Solar System and Beyond

GUNES SISTEMI VE OTESI

Amaciniz, giines sistemi ve Otesine yonelik deney diizeneklerini belidemek ve bu
konu ile ilgili hangi kavramlan kullanacagimza karar vermektir.

1. Hangi diizenegi/diizenekleri segerdiniz?

2. Neden bu diizenegi/diizenekleri segmeye karar verdiniz?

3. Gokyiiziine baktifimzda hangi cisimleri gézlemlersiniz? Uzay, gezegen, yildiz kavramlarim

nasil aciklarsimz?
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Worksheet (Cont.): Solar System and Beyond

I
f YILDIZLAR

Amaciniz, yildiz ve takimyildiz kavramlanm agiklamak ve uzakliklar ile
parlakliklar arasindaki iligkiyi anlamaktr.

1. Yildizlar ile ilgili tiim deney diizeneklerini bulunuz.

2. Yildiz nedir? Yildizlar nasi] goriiniir?

3. Takimyildiz nedir? Neden takimyildiz adimi almugtir?

4. Gokcisimleri arasindaki uzaklik ne cinsinden ifade edilir?
Yildizlann birbirinden uzakhklarmi nasil anlarnz?

En parlak yildiz, en yakindaki yildiz midir? Neden?

Kendinizi degerlendivmek icin arka savfayi geviriniz. —'

YILDIZLAR: DEGERLENDIRME

Amaciniz, yildiz ve takamyildiz kavramlanm agiklamak ve uzakliklar ile
parlakliklar arasindaki iliskiyi anlamaktir,

1. Sunulan deney diizenegi haricinde hangi deney diizenegini/diizeneklerini kullanirdimz?

2. Neden bu deney diizeneklerine karar verirdiniz?

3. Sorular cevaplarken nasil bir strateji kullandiniz?

4. Baska hangi sorularin eklenmesini isterdiniz?
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Worksheet (Cont.): Solar System and Beyond

GEZEGENLER

Amacimz, giines sistemindeki gezegenleri tanimlamak ve onlarin arasindaki farklan
not etmektir.

1. Gezegenler ile ilgili tiim deney diizeneklerini bulun.

2. Gezegen nedir? Giines etrafinda donen kag gezegen vardur?

3. Diinya ve Neptiin gezegenleri arasindaki uzaklik nedir?

4. Diinya ve Mars arasindaki farklan diizeneklerdeki bilgilerden yararlanarak bulunuz.

4. Yildiz ve gezegenler arasindaki farklar nelerdir?

Kendinizi degerlendirmek icin arka sayfayr ceviriniz. ‘

GEZEGENLER: DEGERLENDIRME

Amaciniz, giines sistemindeki gezegenleri tamimlamak ve onlarin arasindaki farklan

1. Sunulan deney diizenegi haricinde hangi deney diizenegini/diizeneklerini kullanirdimz?

2. Neden bu deney diizeneklerine karar verirdiniz?

3. Sorulan cevaplarken nasil bir strateji kullandimz?

4. Baska hangi sorularin eklenmesini isterdiniz?
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Worksheet (Cont.): Solar System and Beyond

4 I

YAZ / KIS GUNESI

Amacimiz, yaz ve kig giinesi arasindaki farklan giinegin 1s1k 15inlarna olan uzakhifina gore
belirlemektir.

1. Giines ile ilgili tim diizenekleri bulunuz.

2. Giinesten gelen 151k miktarinin, diger yildizlardan gelen
151k miktarindan farklar nelerdir?

3. Diizenekteki ibreyi kaydirdik¢a ne gozlemliyorsunuz?
Neden?

I Kendinizi degerlendirmek i¢in arka sayfayr ceviriniz. -

| YAZ / KIS GUNESI: DEGERLENDIRME

Amaciniz, yaz ve kis giinesi arasindaki farklan giinesin 151k 15inlarina olan uzakhigia gore
belirlemektir.

1. Sunulan deney diizenegi haricinde hangi deney diizenegini/diizeneklerini kullanirdiniz?

2. Neden bu deney dizeneklerine karar verdimz?

3. Sorular cevaplarken nasil bir strateji kullandiniz?

4. Bagka hangi sorularin eklenmesini isterdiniz?
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Worksheet (Cont.): Solar System and Beyond

I
; GEZEGENLERIN DONUSU

Amaciniz, giinesin etrafinda donen gezegenlerin doniisiinii gozlemlemek ve farkli uzakhklardaki
dontis hizlanim karsilastirmaktir.

1. Topu ilk atigimzda ne gozlemliyorsunuz?

2. Top merkeze yaklastiginda ne gozlemliyorsunuz?

3. Gezegenlerin giinesin etrafinda donmesiyle nasil
iligkili?

I Kendinizi degerlendirmek igin arka sayfay: ¢eviriniz. -

[ GEZEGENLERIN DONUSU: DEGERLENDIRME |

Amacimz, giinesin etrafinda donen gezegenlerin déniigiinii gozlemlemek ve farkh uzakhklardaki
doniis hizlarm karsilagtirmaktir.

1. Sunulan deney diizenegi haricinde hangi deney diizenegini/diizeneklerini kullanirdiniz?

2. Neden bu deney diizeneklerine karar verdiniz?

3. Sorular cevaplarken nasil bir strateji kullandimz?

4. Baska hangi sorularin eklenmesini isterdiniz?
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Worksheet (Cont.): Solar System and Beyond

I
6 SERBEST SECIM

Amacimz, size verilen deney diizenekleri haricindeki bagka bir deney diizeneZini anlatimimiza
eklemek ve ilgili kavram ve konulan kesfetmektir,

1. Hangi diizenegi sectiniz?

2. Bu diizenek hangi kavramlarla ilgili?

3. Neden bu diizenegi se¢meye karar verdiniz?

4. Diizenekle ilgili hangi sorulari sormak isterdiniz?

Kendinizi degerlendirmek igin arka sayfay ceviriniz. ‘
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