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ABSTRACT
An Exploratory Study of Young Children’s Spatial Skills

in the Context of Educational Robotics

This qualitative study explored young children’s spatial skills in the context of
educational robotics. The study aimed to investigate two research questions: (1) How
do 5-year-old pre-school children’s spatial skills emerge when they engage with
programmable robot toys? (2) How do 5- year-old pre-school children use spatial
vocabulary while interacting with programmable robot toys over a semester?

Data were collected through video recordings of young children participating in an
11-week robotics curriculum that included both unplugged and plugged-in activities.
These video recordings were analyzed through multimodal analysis with the lens of
embodied learning. Five themes emerged from the data analysis: (a) Robotic
activities encourage preschool children’s use of spatial skills while planning their
robotic programming; (b) Designing tangible materials for plugged-in robotic
activities supports preschool children’s use of spatial skills; (c) Robotic activities
enable preschool children to use spatial skills while solving problems in the
programming phase; (d) Unplugged robotic activities that focus on different spatial
concepts prepare preschool children for plugged-in activities more; (e) Providing a
context, robotic activities facilitate preschool children’s frequent use of specific
spatial vocabulary. The findings suggest that engaging with educational robotics in
the context of embodied learning not only enhance preschool children’s spatial skills

but also enriches their spatial vocabulary.



OZET
Egitsel Robotik Kodlama Baglaminda

Okul Oncesi Cocuklarin Uzamsal Becerilerinin Incelenmesi

Bu nitel ¢alisma, egitsel robotik kodlama baglaminda kii¢lik ¢ocuklarin uzamsal
becerilerini incelemistir. Calisma, su iki arastirma sorusuna incelemeyi
amaclamaktadir: (1) 5 yasindaki okul dncesi ¢ocuklarin uzamsal becerileri,
programlanabilir robot oyuncaklarla etkilesim siirecinde nasil ortaya ¢ikar? (2) 5
yasindaki okul dncesi ¢ocuklar programlanabilir robot oyuncaklarla etkilesimde
bulunurken uzamsal kelime dagarciklarini nasil kullanirlar? Veriler, ¢ocuklarin hem
dijital (plugged) hem de dijital olmayan (unplugged) etkinlikleri iceren 11 haftalik
bir robotik miifredata katildiklar1 video kayitlari araciligiyla toplanmistir. Bu video
kayitlari, bedenlenmis 6grenme perspektifiyle ¢ok modlu analiz yontemi kullanarak
incelenmistir. Veri analizleri sonucunda su bes tema ortaya ¢ikmistir: (a) Robotik
etkinlikler, okul dncesi ¢ocuklarin programlama sirasinda uzamsal becerilerini
kullanmay1 tesvik eder; (b) Dijital (plugged) robotik etkinlikler i¢in somut
materyaller tasarlamak, okul 6ncesi ¢ocuklarin uzamsal becerilerini destekler; (c)
Robotik etkinlikler, okul dncesi ¢ocuklarinin programlama asamasinda sorunlari
¢ozmek i¢in uzamsal becerilerini kullanmalarini saglar; (d) Robotik etkinlikler, okul
oncesi ¢ocuklarinin uzamsal kelime dagarcigini kullanmalarini destekler; (e) Farkli
uzamsal kavramlara odaklanan dijital olmayan (unplugged) robotik etkinlikler, okul
oncesi ¢ocuklarini dijital etkinliklere daha iyi hazirlar. Bulgular, egitsel robotik
etkilesimin, bedensel 6grenme baglaminda, okul 6ncesi ¢cocuklarinin uzamsal
becerilerini gelistirmekle kalmayip, ayn1 zamanda uzamsal kelime dagarciklarini da

zenginlestirdigini gostermektedir.
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CHAPTER 1

INTRODUCTION

In early childhood education, there is an increasing acknowledgement of the
significance of developing spatial skills in young learners during robotic activities
(Angeli & Valadines, 2020; Brainin et al., 2021; Palmér, 2017; Shumway et al.,
2023). Teachers can modify their educational programs to incorporate robotics to
instruct children on various subjects such as numbers, shapes, colors, language skills,
and handwriting (Bers et al., 2019). Research has shown that educational robotics
can effectively teach programming concepts to children from kindergarten through
elementary school (Kopcha et al., 2021; Sullivan & Bers, 2016). Programmable toys
designed for guided play help preschool children explore spatial concepts by offering
a multimodal interface for manipulating and embodying the movements of a robot
(Bakala et al., 2021; Bers, 2020). In guided play, educators offer scaffolding and
guidance to assist children in their exploration and purposeful activities. Through
guided play, children investigate, experiment, and solve problems within a
supportive environment (Baykal et al., 2018; Berson et al., 2019).

Concurrently, spatial skills involve perceiving visual images accurately,
creating and imagining mental representations of visual data, and understanding and
manipulating the spatial relationship between objects (Khine, 2017). Moreover,
spatial skills are categorized into various components, including spatial perception,
spatial visualization, mental rotation, spatial relations, and spatial orientation
(McGee, 1979; Lin & Peterson, 1985). Previous studies (e.g. Uttal & Sheehan, 2014;
Verdine et al., 2016) indicate that spatial reasoning is rarely taught in early

childhood, partly because it involves internal thought processes that are hard for



educators to observe and assess during play. In the study of Pollit et al. (2020), play-
based spatial reasoning assessment strategies were suggested for preschool children.
According to Pollit et al.’s study (2020), both plugged and unplugged robotic
activities should involve tasks that require identifying shapes, patterns and using
directional language. Furthermore, researchers evaluated children's understanding of
geometric concepts, including the creation and identification of 2D and 3D shapes,
symmetry, patterns, and spatial reasoning through tasks that involve making shapes,
recognizing patterns, mapping pathways, and using directional language (Pollit et al.,
2020). The findings suggest that play-based interventions may be used to observe
young children’s spatial skills. In the current study, instead of using different spatial
terminology, young children’s spatial skills in the context of educational robotics
were focused in a playful and engaging environment.

Aligning with the literature, the current study focuses on exploring children’s
use of spatial skills and vocabulary during the robotic tasks. Pruden et al. (2020)
underlined the role of spatial language to predict children’s later spatial skills.
Similarly, Casasola et al. (2020) note that diverse use of spatial labels improves
children’s understanding of spatial concepts, including shapes, the arrangement of
objects, spatial characteristics, direction, and places. Moreover, researchers
emphasized the difficulty of understanding the concepts of left and right for
preschool children as they usually lack the ability to visualize and transform objects
mentally (Austin & Sweller; 2014; Scott & Sera, 2018; Turan et al., 2020). These
findings are important to understand children’s use of spatial skills in the context of
educational robotics.

Gestures help convey meaning and clarify verbal communication among

preschool children especially for abstract concepts. Pollit et al. (2020) argue that



children frequently demonstrate their thinking and understanding in diverse non-
verbal ways-including gesture, movement, and art, especially in the context of their
play. Furthermore, gestures enhance communication and comprehension of spatial
information, encouraging the use of spatial strategies in problem-solving (Alibali,
2005). Previous studies (Brainin et al., 2022; Di Lieto et al., 2017; Gonzalez-Calero
et al., 2019) on the development of spatial skills in early childhood indicate the

complexity of spatial skills, its adaptability, and the importance of spatial language.

1.1 Purpose of the study
The main objective of this study is to explore young children’s spatial skills when
they engage with educational robotics. In the programming tasks with an educational
robot, children plan and execute sequences of movements (Di Lieto et al., 2017).
This process encourages them to hold multiple pieces of spatial information in mind,
such as the robot’s current position, the target destination, and the necessary
commands to reach that destination (Di Lieto et al., 2017). Furthermore, this
programming process involves planning robot movements, coding these plans, and
evaluating the outcomes, thereby enhancing vital skills such as problem-solving,
spatial reasoning, and mental rotation (Angeli & Valadines, 2020; Bers et al., 2019;
Gonzalez-Calero et al., 2019). Educational robotics also creates a meaningful context
for preschoolers to develop their understanding of spatial relationships (Misirli et al.,
2019). Kindergarten children employ their spatial reasoning skills to program toys
and agents to move within a specified area, particularly in tasks involving navigation
and movement through grid (Clarke-Midura et al., 2021).

After an extensive literature review, this qualitative study aims to understand

the role of educational robotics on preschool children’s spatial skills through their



physical interaction with robots. The guiding theoretical framework for this study is
based on embodied learning which emphasizes the interconnectedness between the
body and cognitive processes (Abrahamson & Lindgren, 2014). The overarching

research questions of the study are as follows:

1.2 Research questions

How do 5-year-old pre-school children’s spatial skills emerge when they engage with
programmable robot toys?

How do 5-year-old pre-school children use spatial vocabulary while interacting with

programmable robot toys over a semester?

1.3 Significance of the study
This study addresses a critical gap in the research on early childhood spatial skill
development and the potential of educational robotics. While the importance of
spatial skills for STEM success is well-documented (Reilly et al., 2017), and the
influence of environmental factors like education on these skills is recognized
(McGee, 1979), longitudinal studies exploring the long-term impact of
programmable robots on young children's spatial abilities remain scarce (Brainin et
al., 2022). This research study, as one of the few studies conducted in Turkey, offers
a unique contribution by focusing on the impact of educational robotics on preschool
children’s spatial skills. The extended data collection period of this study (11 weeks)
would provide valuable insights into the developmental trajectory of spatial skills as
influenced by young children’s physical interaction with programmable toys.
Another significant contribution of this study is its utilization of two distinct

types/levels of educational robots. By exploring the nuances of interaction with these



different robots, the study can offer valuable guidance for educators in selecting and
implementing robotic tools in the classroom. Furthermore, developing a robotics
curriculum grounded in the embodied learning framework is a key deliverable of this
research study. The concept of embodied learning highlights the connection between
physical actions and the acquisition of abstract concepts, particularly in STEM
education, where gestures and bodily movements play a crucial role in
comprehension and communication (Abrahamson & Lindgren, 2014; Meadow &
Beilock, 2010). This curriculum, incorporating two types of educational robots,
could provide educators with a practical and theoretically sound resource for
integrating robotics into early childhood education. The framework-driven design of
the curriculum ensures that the activities are intentionally structured to promote
embodied learning and the development of specific spatial skills. For instance,
children can better navigate programming tasks and develop spatial awareness
through embodied activities that simulate robot movements (Kwon et al., 2022).
Studies have shown that using physical robots in educational settings helps children
grasp geometric concepts and improves their spatial reasoning skills (Clements &
Battista, 1989; Francis et al., 2015). This tangible outcome of the current study offers
a valuable tool for educators seeking to effectively utilize robotics to enhance spatial
skills and prepare young children for future STEM learning. Therefore, this study
employs embodied learning as a theoretical framework to explore how educational
robotics impacts preschool children's spatial skills, and multimodal analysis to
capture their experiences effectively.

Overall, by examining the literature on educational robotics and their role in
children’s spatial skills, this study has a two-fold goal. Firstly, it aims to explore

young children’s spatial skills in the context of educational robotics through their



physical interactions with programmable toys. This study also seeks to examine how
young children pre-school children use spatial vocabulary while interacting with
programmable robot toys over a semester. This was a 11-week study to observe
young children’s use of spatial skills in the context of educational robotics and to

gain deeper insights into their physical interactions with two different types of

programmable toys.



CHAPTER 2

THE LITERATURE REVIEW

This chapter includes an extensive literature review outlined under five topics. First,
we explored educational robotics within the context of early childhood education.
Secondly, we examined research on the development of spatial skills during the early
childhood period. Thirdly, we delved into the role of gestures in supporting spatial
skills. Fourth, we specifically reviewed studies focusing on integrating spatial skills
within robotic-based activities. Finally, the theoretical framework of the study which

drew upon embodied cognition is described in this chapter.

2.1 Educational robotics in early childhood education
The inclusion of computer science education in early childhood has been growing in
the last years. However, it is insufficient to simply replicate models from older
children's curricula, primarily derived from STEM disciplines. There is a need for
designing programming curricula that align with the developmental stages of young
children (Bers, 2019). It is possible to create opportunities for young learners to learn
computer science in their classrooms by incorporating programming activities into
various academic subjects and fields, such as math, literacy, science, engineering,
and arts, through a project-based learning environment (Bers et al., 2019; Otterborn
etal., 2019).

Prior studies demonstrated the feasibility of teaching programming concepts
to young children, from kindergarten to elementary school by the use of educational
robotics and block-based programming languages (Kopcha et al., 2021; Sullivan &

Bers, 2016). Most of the educational robots used in early childhood education



primarily focus on spatial movement commands, such as go forward, go backward,
turn right, and turn left. Students typically program the robot’s route by organizing
codes, which demonstrates their understanding of symbolic representations in the
computational tasks (Di Lieto et al., 2017; Kopcha et al., 2021). Programming robots
requires students to translate physical actions into a symbolic context (e.g. a
programming platform). These actions include planning robot movements, coding
these plans, and then evaluating the program’s outcomes (Bers et al., 2019; Elkin et
al., 2016). Therefore, the integration of programming activities in early childhood
education, improve vital skills such as problem solving (Bers et al., 2014), spatial
skills (Angeli & Valadines, 2020), and mental rotation skills (Gonzalez-Calero et al.,
2019). Moreover, it becomes evident that fostering problem-solving skills, analytical
thinking, and concrete thinking is a social responsibility to prepare children for
today's technological advancements (Demir & Demir, 2021).

Studies indicate that incorporating educational robots into early childhood
activities enhances various learning outcomes for children (Gonzalez & Munoz-
Repiso, 2018). Educational robotics offer an interactive approach for young learners
to cultivate programming skills. Through hands-on experiences with robots and
unplugged activities, children can gain insights into programming and problem-
solving skills effectively. Programmable toys and robot construction kits can be
valuable educational tools for integrating STEM fields into early childhood
education. These Kits also provide opportunities for children to engage in
programming and robotics activities and build interdisciplinary knowledge (Cetin &
Demircan, 2020).

In early childhood education, a balanced approach to robotics education,

incorporating both plugged and unplugged activities, is crucial for fostering deeper



learning of related skills. Unplugged activities help children to understand abstract
concepts in a concrete way, enabling them to develop solutions based on logical
thinking and understand computer science principles by applying them in their daily
lives (Battal et al., 2021; Wang et al., 2016). Furthermore, Saxena et al. (2020)
suggest that unplugged activities should be implemented to enhance children’s
ability to program educational robots as they provide concrete experiences for
children and support their programming skills in plugged activities. This aligns with
the perspective of Relkin (2018), who highlights the importance of hands-on play
through robotics activities for young children’s full engagement. Bat1 (2021) also
concluded that both plugged-in and unplugged applications improved children's
programming skills. Unplugged applications are more effective in early childhood
education because it focuses on concrete experiences of young children (Bati, 2021).
Expanding on this, Lin et al. (2023) concluded that well-designed unplugged
activities propose positive experiences because it activates young children’s thinking
processes by transitioning abstract concepts into concrete experiences.

Moreover, engaging in collaborative digital play with programmable robots
enhances children’s social emotional growth, and activities involving robots promote
essential interpersonal skills such as turn-taking, sharing resources, effective
communication, and making responsible choices to reach shared objectives (Bakala
et al., 2021; Bers, 2020; Cetin & Demircan, 2020). Beyond these cognitive and
socio-emotional advantages, programmable robots also function as communication
tools, offering visual signals and prompts that may also have a role in developing
spatial skills (Arnott & Yelland, 2020).

In conclusion, integrating computer science education through robotics in

early childhood is essential for nurturing foundational skills that prepare children for



a technologically advanced future. By employing both plugged and unplugged
activities, educators can create a rich learning environment that not only introduces
programming concepts but also fosters critical thinking, problem-solving, and spatial
skills. Therefore, the primary goal of this case study is to explore young children’s
spatial skills in the context of educational robotics through the lens of embodied

learning.

2.2 Spatial skills in early childhood

Historically, several efforts have been made to define spatial skills and identify the
foundational elements. Previous research studies (e.g., Eliot, 1987; Linn & Petersen,
1985; Maccoby & Jacklin, 1974) mainly focused on developing different frameworks
and describing the relationships among various spatial skills. The term spatial

skill refers broadly to a set of interconnected abilities involving the mental handling
and manipulation of information about objects around us and the spaces we occupy
(Uttal et al., 2013).

On the other hand, there is no agreed-upon definition of spatial skills in the
literature, and different terminologies exist. For instance, while Khine (2017) argues
that spatial ability refers to accurately perceiving visual images, creating mental
representations and imaginings of visual data, and comprehending and manipulating
the spatial relationships between objects, Newcombe and Shipley (2015) and Berson
et al. (2023) claim that spatial reasoning, as multidimensional cognitive ability,
involves problem-solving through manipulating objects, constructing spatial
arrangements, and navigating paths, whether involving oneself or other objects.

In the current study, spatial skills were deliberately adopted as an inclusive

and practical umbrella concept to encompass the broad range of spatial skills

10



observed, such as visualizing, manipulating objects, and using spatial language. This
terminology aligns with the study’s aim to capture the multifaceted nature of young
children’s physical and verbal engagement with programmable toys without
restricting the data analysis to a single theoretical lens.

Notably, spatial skill is not fixed; it is malleable and can be significantly
enhanced through targeted training activities (Khine, 2017; Newcombe, 2017; Uttal
et al., 2013). Delving deeper into the complexities of spatial skills, McGee (1979)
identified various components, including spatial perception, visualization, mental
rotation, spatial relations, and spatial orientation. Further refining this classification,
Linn and Petersen (1985) organized spatial skills into three primary domains: spatial
perception, which involves recognizing and interpreting spatial relationships; mental
rotation, the ability to manipulate two- and three-dimensional figures mentally; and
spatial visualization, the skill to visualize and draw conclusions about spatial
arrangements. Researchers evaluate spatial skills by observing preschool children's
use of positional or directional language and gestures, their ability to name three-
dimensional shapes and their attributes, their use of two-dimensional symbols to
document directions as a code sequence, and their proficiency in guiding others
through pathways (Pollit et al., 2020). Together, these elements form a
comprehensive picture of the multifaceted nature of spatial skills.

Understanding children's cognitive development, particularly their spatial
transformation skills, has become a focal point in the developmental psychology.
Research showed that children’s spatial transformation skills start to develop earlier
than Piaget claimed (Newcombe & Frick, 2010). Furthermore, engaging in active
exploration of objects enhances the growth of mental rotation for toddlers and infants

(Mohring & Frick, 2013). Additionally, developmental research on mental rotation

11



has revealed that children as young as 4 or 5 years old not only exhibit the ability to
manipulate objects mentally but also demonstrate spontaneous usage of mental
rotation strategies (Frick et al., 2009). As they continue to develop, children also
progress in the efficiency and speed of their mental rotation skills through early
childhood, and these skills improve significantly with age (Frick et al., 2009).

To effectively support young children's spatial learning, exploring innovative
approaches and methodologies in education is essential. For instance, Baykal et al.
(2018) highlight the importance of identifying appropriate tools and methodology for
designing Computer Tangible Interaction scaffolding to support young children's
spatial learning. In light of this, there is a need for change in traditional educational
methods for teaching early geometry, where children use their spatial skills often, by
using interactive learning techniques, guided play, and comparative language in
describing shapes (Newcombe, 2024).

In this study, one of the aims is to explore the use of spatial vocabulary to
understand preschool children’s spatial skills. A growing body of research pinpoints
the importance of children's spatial language development in early childhood
education. Cohen and Emmons (2016) suggest that using more direct scaffolding of
spatial words increases the frequency of spatial language children hear and use. This
finding aligns with the research by Pruden et al. (2020), which emphasizes the role of
parents' spatial language use on children’s spatial language skills. They found that
conversations about space in the early years predict their later spatial thinking.

In the study, Pruden et al. (2020) categorized spatial words: a) shape terms
such as circle, triangle, and octagon; b) dimensional adjectives such as big, little, tall,
tiny, small, and long; and c) spatial features terms such as curvy, edge, side, line, and

corner. In addition, Casasola et al. (2020) note that different spatial labels can

12



improve children's understanding of spatial concepts, including geometric shapes, the
arrangement of objects, spatial characteristics, direction, and places.

In the study conducted by Turan et al. (2020), preschool children in Turkey
had difficulty both in using and understanding the concepts of left and right. This
affected their ability to visualize and transform objects or positions mentally (Turan
et al., 2020). Scott and Sera (2018) also explain that people usually learn the terms
left and right later than they know other spatial words. This is because left and right
are connected to our bodies and require a more complex understanding of how things
relate to each other in space, unlike simpler terms such as, above and below.
Furthermore, Austin and Sweller (2014) found that children typically acquire
movements verbs later in their language development. Besides, children with a
substantial vocabulary of nouns are more capable to remember the locations of
objects than to understand how things move (Austin & Sweller, 2014).

In summary, although spatial skills are a common part of our everyday
experiences, it has often been overlooked or neglected in both informal and formal
educational environments (Clements & Sarama, 2011). Through targeted
interventions and play-based activities, there will be a potential for enhancing spatial

skills which is relevant to the primary goal of this study.

2.3 The role of gestures in young children’s spatial skills

Gestures can play a key role in developing spatial skills, especially in mental rotation
tasks, and may assist children in concentrating on the changing elements of spatial
transformations (Ehrlich et al., 2006). Gesture also plays a vital role in organizing
and structuring thoughts before they are translated into language and in cognitive

processes, including thinking, memory, and problem-solving (Alibali et al., 2000).
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Furthermore, Frick et al. (2009) found that 5 and 8-year-olds showed a difference in
their mental rotation performance depending on whether their hand rotation was
compatible or incompatible with the mental rotation they were performing. This
suggests that their motor actions interfered with their cognitive process of mental
rotation. That is, the ability to separate motor actions (hand movement) from visual
cognitive processes (mental rotation) develops over time. Younger children have a
harder time keeping these processes separate, while older children and adults are
better at isolating them. Goldin and Meadow (2014) examine the role of gestures in
the learning process, and they found that learners can be encouraged to use gestures
when describing a problem.

Building on the understanding of how gestures facilitate cognitive processes,
the study by Austin and Sweller (2014) emphasizes the significance of using
representational gestures involving various gesture types to improve spatial learning.
Notably, they found that gestures particularly encourage children's learning and
memorization of spatial information, especially when it comes to navigating route
directions. To break this down further, gestures can be categorized into four types:
beat, deictic, iconic, and metaphoric (Austin & Sweller, 2014). Specifically, beat
gestures provide rhythmic accompaniment to speech, while deictic gestures guide
attention. In contrast, iconic gestures depict concrete ideas visually, and metaphoric
gestures convey abstract concepts through physical representation (Austin & Sweller,
2014).

In addition to these findings, Novack et al. (2015) highlight the critical role of
iconic gestures in early childhood learning and development. Consequently, these
gestures serve as valuable tools for teaching young children new skills and concepts.

Moreover, Goldin-Meadow (2015) concluded that gestures not only indicate a child's
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readiness to learn but also reflect unique thought processes that may not be easily
articulated in words. Importantly, active participation in gesture production has been
shown to promote a deeper understanding and better retention, particularly in mental
rotation tasks (Goldin[/Meadow et al., 2012). Focusing on evaluation of non-verbal
communication among children, Pollitt et al. (2020) emphasize the importance of
utilizing play-based approaches. That is, this study advocates for an understanding
that includes gestures and movements, recognizing their significance in children's
spatial skills.

Alibali (2005) further provides a comprehensive framework to examine how
gestures contribute to expressing, communicating, and thinking about spatial
information. Notably, when expressing spatial information, learners tend to gesture
more frequently in discussions about spatial topics compared to abstract or purely
verbal subjects (Alibali, 2005). In addition, learners use gestures more when they
want to support their understanding and demonstrate their intention to communicate
(Alibali, 2005). Importantly, gestures that either repeat verbal information or
introduce new information can significantly influence the listener’s grasp of
accompanying speech (Alibali, 2005). Consequently, gestures play a vital role in
cognitive processes, especially when thinking about spatial information. They assist
speakers in retrieving words, particularly those related to physical actions or spatial
concepts (Alibali, 2005). Ultimately, gestures encourage the application of spatial
strategies in problem-solving activities, such as mental rotations and spatial
reasoning (Alibali, 2005).

In light of these findings, in early childhood, when verbal expression may still
be developing, gestures offer an embodied tool through which children can

externalize spatial thinking, organize ideas, and solve problems (Goldin Meadow,
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2015; Alibali, 2005). In the context of this study, young children’s use of gestures
during robotic activities revealed rich insights into their use of spatial skills,
especially in tasks involving planning, navigation, and mental rotation (Austin &
Sweller, 2014; Novack et al., 2015). Therefore, recognizing and analyzing gesture
use is critical for gaining a holistic understanding of how young children use spatial

skills while engaging with programmable toys.

2.4 Spatial skills in the context of educational robotics

Tangible computing tools, including programmable robots, have demonstrated
potential in enhancing children's learning by offering multimodal interfaces that
enable children to physically interact with and embody robot movements (Bakala et
al., 2021; Bers, 2020). Such tools uniquely integrate physical and digital experiences
(Clarke-Midura et al., 2021), providing opportunities for young learners to cultivate
computational thinking and spatial reasoning skills. Furthermore, existing literature
indicate that educational robotics can enhance children’s mental rotation skills,
offering a valuable learning opportunity to develop related skills. Educational
robotics might be an important tool for considering relationships among different
cognitive domains, such as visuospatial, computational, and mathematical (Diago et
al., 2021).

Moreover, educational robotics provides a meaningful context for developing
preschoolers’ spatial relations (Misirli et al., 2019). It is also important to consider
guidance and scaffolding of designing a teaching environment to foster spatial skills
by using programmable toys (Misirli et al., 2019). For instance, Brainin et al. (2022)
revealed that children who used programmable robots demonstrated improved

performance in spatial relations and mental rotation tasks. The research study of
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Gonzalez-Calero et al. (2019) similarly presents results on the effectiveness of
robotics-based instruction for developing mental rotation abilities among primary
school students in the context of map reading.

In the existing literature, researchers underline the specific spatial skills
which are encouraged through robotics education. In the research studies conducted
by Di Lieto et al. (2017), it was observed that educational robotics training with Bee-
Bot positively affected the development of executive functioning skills which
cognitive flexibility, inhibitory control, and working memory of preschool children
aged 5. In the implementation phase, preschool children planned the correct
commands based on the location of Bee-Bot by actively manipulating the relevant
information in their visuo-spatial working memory. They actively used executive
function skills such as mentally anticipating the robot’s action, selecting appropriate
commands and continuous updating of programming planning for reaching
predetermined goal.

As a result of this study, preschool children showed a steady progress in their
ability to use Bee-Bot and complete tasks that required mental anticipation. Initially,
they relied on the physical robot to help them understand how to program
movements. This “concretism” phase involved them working with tangible support.
Over time, children began to grasp the concepts more abstractly, enabling them to
mentally visualize each Bee-Bot action without support and they also learned to
mentally rotate the movements, such as turning right or left (Di Lieto et al., 2017).

In programming activities, children demonstrated the skill to mentally
compare both paper and grid maps, along with their symbols and the movements
depicted (Palmér , 2017). They were also capable of visualizing and conceptualizing

actions and the relationships among paper maps, grid maps, and symbols in their
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minds (Palmér , 2017). There were noticeable changes in how children perceived
arrows as symbols in the programming tasks. They employed terms such as forward,
backward, rotate, and turn when interpreting the arrows' meanings despite their
limited usage of left and right. Alongside using these words, they incorporated
gestures with their hands and body movements to demonstrate the robot's potential
movements corresponding to the various symbols (Palmér, 2017).

Spatial knowledge plays a crucial role in the behaviors and discussions of
young learners as they observed and interacted with robot movements (Shumway et
al., 2023). Young learners made observations of the robots’ movements and
positions, planned and built programs, and debugged programs as they built
(Shumway et al., 2023). They also engaged in orientation, spatial visualization,
spatial language, and representing spatial knowledge in codes. Young learners
needed to understand and describe the robot’s movements by using spatial terms and
gestures to facilitate their understanding throughout robotic tasks (Shumway et al.,
2023). Young learners demonstrated their spatial knowledge using spatial language,
such as turn, move, forward, right, left, then here, and this way. Also, they used
gestures with their hands, such as pointing direction, tracing a path, and moving the
robot with their hands, such as simulating linear or rotational movements (Shumway
et al., 2023).

In light of these findings, spatial skills can be applied to problem solving in
many domains, including programming activities described above. Spatial
knowledge was fundamental to learning how to program robotic toys and influenced
multiple aspects of the computational thinking process (Francis et al., 2016; Palmér,

2017). The purpose of this study is to reveal young learners’ spatial skills by
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focusing on their spatial vocabulary use and physical interactions with educational

robots.

2.5 Theoretical framework of the study

The concept of embodied learning emphasizes the connection between the body and
the process of acquiring abstract concepts. Fundamental STEM knowledge is
influenced by the embodied nature of the human mind. Numerous studies about how
people gesture while speaking and solving problems provided that thinking is
embodied (Abrahamson & Lindgren, 2014). Tools that facilitate embodied learning
employ analogies to connect concrete actions with abstract concepts (Meadow &
Beilock, 2010). That is, embodied learning allows us to build upon our existing,
easily understood physical experiences and use them as a foundation for grasping
more abstract concepts. We leverage our body's understanding of the world,
grounded in movement and sensation, to make sense of more complex and intangible
ideas. In the study of Burte et al. (2017), they also examined the benefits of
embodied tasks in math learning for elementary school students and they found that
spatial training, thinking three-dimensional, paper folding, and origami tasks
emphasize and improve spatial skills.

An effective approach to exploring embodiment is through gestures. STEM
fields are particularly compatible with the incorporation of gestures, actions, and
body-related metaphors because they often depend on abstract or arbitrary symbols
system and involve the exploration of complex, dynamic processes (Weisberg &
Newcombe, 2017). Besides, Hostetter and Alibali (2008) suggested that an embodied
perspective on gestures is crucial for understanding their role in communication and

cognition, and it helps explain the origins of gestures and how they reflect real-time
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thinking. Furthermore, gestures have a potential to bring actions into our mental
representations. It can contribute to the process of change in two distinct manners;
firstly, when we observe others’ gestures, it can facilitate learning; secondly, when
we produce gestures ourselves, it can also enhance our own learning process
(Goldin-Meadow, 2015).

Additionally, Hostetter and Alibali (2008) concluded that people use gestures
to convey spatial and motor information when describing mental images. For
instance, when giving directions, a speaker might say "take a left" while gesturing
leftward, directly expressing the spatial concept through movement, rather than
translating it into verbal form (Hostetter & Alibali, 2008). Furthermore, Meadow and
Beilock (2010) also explored the unique role of gesture, suggesting that actions
primarily intended to represent ideas with gestures may have a more profound impact
on thinking than actions with direct physical consequences. That is, gestures are not
directly tied to physical actions but instead serve as symbols or representations of
abstract thoughts and play a crucial role in shaping our thinking. Through the
perspective of embodied learning, it is aimed to examine how people comprehend the
significance of gestures in communication. Listeners are more likely to understand
the meanings expressed by speakers when conveyed through gestures (Alibali &
Nathan, 2012). In the study of Nemirovsky and Ferrara (2019), the term utterance
was defined as all forms of bodily activity that occur in a particular conversation.
The interpretation of these utterances highlights multimodal elements, such as facial
expressions, gestures, tone of voice, eye movement, body posture and gaze.

Papert (1980) focused on not only what people are thinking but also how
earning relates to our bodies and physical objects. The Turtle robot’s action in

response to commands such as left of right are based on its own orientation, so
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learners take the perspective of the Turtle, embodying the view of the screen to
navigate the robot (Papert, 1980). The robot became an embodied artifact for
children to simulate its actions and convert into a block-based program by acting out
the robot’s movement (Kopcha et al., 2020). Furthermore, Alibali and Nathan (2012)
pointed out that the use of objects and tools in a learner’s surroundings can impact
how they process and understand their thoughts.

In the study of Kwon et al. (2022), they designed embodied learning activities
with high motoric engagement through simulating the robot’s movement for primary
school students. The learning tasks included making multiple turns, avoiding
obstacles, passing missions, and rotating perspectives. At first, children solved
programming tasks by walking on a mat themselves in the embodied learning
activities. As a result of the study, students gained spatial awareness through the
embodied activities because the learning tasks required spatial awareness in finding
paths, deciding on the path, and sequencing steps (Kwon et al., 2022). In addition to
these, physical robots enable children to understand geometric shapes which are
related to spatial skills. In the Logo-learning environment, children demonstrated a
better understanding of the parts that make up geometric shapes (Clements &
Battista, 1989). Furthermore, they were more inclined to think about geometric
shapes in terms of how they are made or the steps needed to draw them, suggesting
that their programming experience influenced their understanding of geometric
construction (Clements & Battista, 1989).

Francis et al. (2015) shed light on the specific ways children’s spatial
reasoning skills improved as they worked through the programming activities,
providing a rich understanding of developmental process. According to Francis et al.

(2015), observations of children engaging in programming tasks indicated that three
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modes of representation, such as action, visuals, and symbols, do not necessarily
develop one after the other. Instead, they appear to grow simultaneously, constantly
interacting with and shaping each other. Therefore, it is critical to explore learners’
interaction with technology and the meaning behind such interactions by
emphasizing the complementarity of different modes of human interaction (Kopcha
et al., 2020).

Spatial skills also allow individuals to organize, interpret, manipulate, and
understand spatial relationships within both real and imagined environments. During
early childhood, conversations about spatial concepts such as spatial features,
relationships, and orientations support children’s development of spatial
understanding, particularly important for visualizing movements and navigating their
surroundings. Additionally, active participation in spatial activities further promotes
young children’s spatial learning and improves their performance on spatial tasks
(Newcombe, 2013). Spatial skills are critical for daily life activities, and as children
explore spatial relationships, they enhance their receptive vocabulary, spatial
perception, executive function, and visual-spatial and language abilities (Zhang,
2016).

Aligning with the primary objective of this study, embodied learning was
employed as a theoretical framework to design and implement the robotics
curriculum to explore young children’s spatial skills by addressing their physical
interactions with programmable toys. To put the perspective of embodied learning
into practice properly, multimodal analysis method was used, and children’s physical
experiences with educational robotics were captured in an enriched way.

Upon this extensive literature review, the present study aims to investigate the

following research questions:
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1) How do 5-year-old pre-school children’s spatial skills emerge when they engage
with programmable robot toys?
i) How do 5-year-old pre-school children demonstrate their spatial skills
during the pre-programming stage of the robotic tasks?
i) How do 5-year-old pre-school children demonstrate their spatial skills
during the programming stage of the robotic tasks?
iii) How 5-year-old pre-school children use their spatial skills during
unplugged and plugged robotic activities?
2) How do 5- to 6-year-old pre-school children use spatial vocabulary while
interacting with programmable robot toys over a semester?
i)  Which categories of spatial vocabulary are predominantly used by

preschool children during robotic activities?
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CHAPTER 3

METHOD

The purpose of this study is to explore young children’s spatial skills in the context
of educational robotics in light of their physical interactions with programmable toys.
In this chapter, the following sections are covered: (1) research design, (2) the
research site, (3) the research context, (4) the case, (4) data collection procedures,

and (5) data analysis, (6) researcher position, and (7) trustworthiness.

3.1 Research design

This study employed a qualitative single case study design (Yin, 2009). The case
involved six pre-school children aged 5-year completing unplugged and plugged
robotic activities. The aim of this study is to explore the young children’s spatial
skills in the context of educational robotics based on their physical interactions with
programmable toys. Creswell and Poth (2013) concluded that conducting qualitative
research requires complex and detailed understanding. The dataset included 11 video
recordings of the sessions where the robotic activities were implemented.

Yin (2008) asserts that a case study includes an empirical investigation of a
current phenomenon in its real-life context. This study allows for an in-depth
investigation of the role of educational robotics on preschoolers’ spatial skills and
embodied interactions. Case studies are effective for understanding complex and
multi-faced phenomena like the integration of educational robotics in early childhood
education, which enables researchers to explore the unique experiences and context
of participants. This depth analysis is crucial when studying the development of

spatial skills in this context, where the boundaries between the phenomena and its
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context are not always clear. Therefore, the case study design provides a
comprehensive understanding of spatial skills within the intricate dynamics of these

educational robotics settings.

3.2 The research context

This study was conducted to explore preschool children’s spatial skills in the context
of educational robotics at an Early Childhood Education Center in Istanbul. The
selected research site was chosen based on several criteria. Firstly, Early Childhood
Education Center was known for its emphasis on child-centered, play-based,
developmentally appropriate learning environments. Secondly, the presence of a
special technology classroom equipped with screen-free programmable robots made
it an ideal setting for conducting the robotic curriculum. Thirdly, the researcher had
professional familiarity with the center’s philosophy, staff, and routines, which
facilitated access, prolonged engagement, and deeper contextual understanding.
Finally, the single 5-year-old classroom consisted solely of five-year old children, all
residing in the same urban district, enrolled for similar durations, coming from
middle-to-upper SES backgrounds, allowing for focused exploration of age-relevant
spatial skills.

The participants included 5-year-old children from one classroom at the
center because there was only five-year-old classroom at the center. These children
shared common characteristics such as age, duration of school enrollment, and
residence in the same city. Participants were selected through purposive sampling
ensuring that they shared key characteristics relevant to the study’s focus (e.g., age,

school environment, exposure to robotics curriculum).
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During the children's regular class hours, the sessions were conducted weekly
on Wednesdays between 10:00 am and 11:00 am. While the participating group
attended the robotic sessions in the technology classroom with the researcher, also
served as the activity facilitator, the other children continued in their regular class
schedule. During the extra-curricular club hours, the same activities were repeated by
classroom teachers with non-participating children to ensure they had similar
learning opportunities. The structured 11-week curriculum consisted of five
unplugged activities and six plugged-in activities using Bee-Bots and Bubble-Bots.
An introductory session was also offered to familiarize children with the robots
before the program started. The unplugged sessions included gamified tasks and
group activities to introduce spatial concepts through play-based learning
approaches. In the robotics sessions, children used Bee-Bot and Bubble-Bot robots to
apply spatial skills in hands-on, technology-supported activities. During the
introductory session, the researcher presented the physical components and basic
functions of the robots, such as the directional buttons and how each input command
corresponded to the robot’s movements. The session was designed to be exploratory
and child-centered, allowing children to interact freely with the Bee-Bot and Bubble-
Bot. Children were encouraged to explore freely, press buttons, and observe the
robot’s responses at their own pace.

Data for the study were primarily collected through video recordings of the
activity sessions. Two fixed cameras were strategically placed in the technology
classroom to capture both audio and visual data, focusing on the children’s verbal
expressions, gestures, and interactions with peers and materials. These recordings
served as the primary source for analyzing the participants’ spatial skills throughout

the program. After each session, the researcher reviewed the video recordings and
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created detailed transcripts, which included verbal utterances and non-verbal cues
such as body language and facial expressions. The researcher in this study was also
the homeroom teacher of the participants. This dual role of the researcher enabled
her to conduct a deeper analysis and interpretation of the children’s engagement

during robotic activities

3.3 The case

This qualitative case study explores the young children’s spatial skills in the context
of educational robotics concerning their physical interactions with programmable
toys over a semester at an Early Childhood Education Center in Istanbul. According
to Yin (2009), a well-defined case must have clear boundaries to distinguish it from
other cases and to prevent the scope of the inquiry from becoming too broad. The
case is a group of six 5-6-year-old preschool children at early childhood education
center in Istanbul, engaging in an 11-week educational robotics curriculum designed
to reveal their spatial skills through unplugged and plugged activities. The designed
curriculum was based on embodied learning principles and enabled young children’s
to interact physically with programmable toys.

The boundaries of this qualitative case study are clearly defined to ensure
analytical focus and manageability, as recommended by Yin (2009). The study is
bounded by its participants, setting, time frame, and the specific educational context.
According to Yin (2009), “a case study is an empirical inquiry that investigates a
contemporary phenomenon within its real-life context, especially when the
boundaries between phenomenon and context are not clearly evident” (p. 18). Yet,
for the research to be analytically meaningful, the case itself must have clearly

defined boundaries—such as the who, where, and when of the investigation.
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The study focused on a group of six preschool children aged 5-6 years,

enrolled in an early childhood education center at Bogazi¢i University in Istanbul.
The study was conducted over an 11-week period during the Spring 2024 semester,
with one 40-minute session held each week. The setting was a designated technology

classroom equipped with programmable robots—specifically Bee-Bots and Bubble-

Bots and materials for unplugged activities. The goal of the study was to explore how
young children’s spatial skills emerge through their physical interactions with
programmable toys. Besides, the robotics curriculum was specifically designed based
on embodied learning principles. These boundaries help define the case precisely,
prevent the scope of inquiry from becoming too broad, and enhance the study’s
credibility and transferability.

In the Early Childhood Education Unit, children start the day at 8.30 a.m.
with breakfast and continue with morning circle routine. Children take several
specialized courses such as English, chess, art, and robotics education. Children
regularly attended robotics education once a week in their program. The educational
robotics curriculum designed for this study was integrated into this routine schedule
at this education unit. To avoid any disruptions in the regular program, the robotics
curriculum was conducted once a week, and it was implemented in specifically
designed technology classroom by the researcher. Participants attended the program
about the educational robotic curriculum which included the unplugged and plugged-
in activities (activities that could be completed without and with a computer). The
11-week educational robotics curriculum was implemented in the semester of Spring
2024, and it took 11-week.

Children were selected from the classes at Bogazigi University Early

Childhood Center (see Table 1). The participants were six children, all aged 5, from a
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single classroom. All had been enrolled in the same school for four years and shared
similar developmental backgrounds by the time the study was conducted. The
socioeconomic status of participants can be considered middle to upper-middle class,
and it serves civil-servant and academic parents who worked at the Bogazi¢i
University as shown in Table 1. At Bogazi¢i University, civil servants are
administrative, or support staff employed by the university, such as secretaries,
librarians, maintenance personnel, and other non-academic staff who contribute to
the daily operations of the institution. On the other hand, academic parents are
faculty members engaged in teaching and research activities, such as professors,

associate professors, assistant professors, and lecturers across various
departments. Moreover, the study focused specifically on young children’s spatial

skills in the context of educational robotics through their physical experiences with
programmable toys over a semester. The study analyzed 11 video-recorded sessions
as the primary dataset. It did not include any follow-up assessments beyond the

intervention period.

Table 1. Characteristics of Participants

Nicknames Age Gender SES

Uriel 5 Boy Upper-Middle (Academic)
Yuma 5 Boy Upper-Middle (Academic)
Emily 5 Girl Middle (Civil Servant)
Olivia 5 Girl Middle (Civil Servant)
Sophie 5 Girl Middle (Civil Servant)
Hazel 5 Girl Upper-Middle (Academic)

Below are brief narrative profiles of the six participants—Emily, Olivia,
Hazel, Sophie, Uriel and Yuma—based on the homeroom teacher’s observations

prior to the current study. In depth-analysis of participant’s characteristics, we
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expected that children who can articulate their thoughts and feelings are more likely
to use spatial vocabulary and reflect on their thinking during robotic tasks. They also
tend to engage more confidently in group discussions, which reinforces shared
spatial understanding (Palmér, 2017). However, children who are emotionally
sensitive or shy, might develop spatial skills through observation rather than action
(Newcombe, 2010). In this research, participant’s gestures, verbal dialogue among
their peers are part of multimodal analysis to explore their spatial skills during
robotic tasks.

Emily was a self-aware and verbally expressive child who confidently states
her feelings during the robotic tasks. She frequently used spatial vocabulary and
confidently explained the robot’s movement, sequences, and directions. She was
highly persistent and does not easily give up when faced with challenges in the
robotic tasks such as debugging, route planning which require use of spatial and
planning skills. Emily was good at managing group discussions and was willing to
support her friends during the group tasks in the present study.

Olivia was a calm and talkative child who can easily express her feelings and
ideas during the robotic tasks in the present study. However, she became sensitive
when she had a difficulty during the robotic tasks. She could easily focus on robotic
activities, and she wanted to be successful in completing them properly. Despite
facing difficulties, she focused on robotic activities and showed a desire to succeed
in these activities.

Sophie was confident, solution-oriented, and collaborative, making her a key
contributor to problem-solving in group tasks. She encouraged her peers, engaged
with spatial challenges such as route direction, use of spatial vocabulary to discuss

the robot paths. Her leadership and empathy also promoted peer dialogue, helping
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others clarify spatial concepts during the robotic tasks. Shortly, she thrived on
challenges and actively sought solutions, encouraging her friends to remain engaged
and productive, as well.

Hazel was a quiet observer who preferred to watch and listen rather than act
immediately. She was generally an observer during the group tasks. She liked to
listen and observe her friends and express herself only if needed to complete the task.
During the robotic activities, she mostly listened and observed her friends.

Uriel was also a self-aware and verbally expressive child who confidently
explains his ideas during the robotic tasks in the present study. For instance, Uriel
used gestures and language effectively to explain robot paths and directions,
indicating strong communication skills. He also liked to solve problems and finds
solutions in the robotic group tasks. His tendency to over-support peers suggests a
collaborative spirit but may have occasionally limited opportunities for others to
independently explore spatial solutions.

Similar to Uriel, Yuma was a confident and articulate child who enjoys
explaining his thoughts and feelings during most of the robotic activities. However,
he adopted more of an observer's stance during the robotic activities. He generally
matched with Uriel during the group tasks. His participation in the group tasks
increased when he was paired with Uriel.

In summary, each child’s personality and interaction style shaped how they
approached robotic tasks and developed spatial skills. Children like Emily and
Sophie thrived in leadership roles and used rich spatial language, while Hazel and
Yuma used their spatial skills through peer interaction and observation. Olivia's and
Uriel’s behavior during the activities showed that a child’s motivation, ability

to manage their emotions, and social interactions with peers may affect how actively
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and successfully they engage in robotic tasks. Therefore, it is important to use
multimodal analysis that focuses on verbal dialogue, gestures, and physical actions.
By analyzing these different forms of communication and interaction, we can better
grasp the different ways children use spatial skills while they interact with

programmable robot toys.

3.4 Data collection instruments

Participants’ experiences with educational robotics concerning spatial skills were
video recorded. The study used video recordings of participants who agreed to
participate in educational robotics activities within the scope of the study. The videos
captured the participants’ engagement with the educational robotics activities,
including their embodied interactions with the robots, their use of spatial skills, and
their verbal dialogues. The researcher observed and video-recorded the robotic
activities implemented in the classroom for at least 40 minutes per session once a

week.

3.5 Data collection procedures

Before the data collection started, ethics approval was obtained from the Institutional
Review Board (see Appendix A). Before the study started in the semester of Spring
2024, a consent form (see Appendix B) detailing the purpose of the study and the
significance of participation was sent out to parents via email or handed out.
Participation in the study was entirely voluntary. At the semester's onset, the research
objectives were communicated to both parents and the school administration, and
necessary permissions were taken to conduct the study which included video

recordings of pre-school children. After obtaining consent forms from parents, the

32



researcher outlined the planned activities for participants and introduced a child-
friendly consent form for children who participated in the study at the beginning of
the activity. Participants were asked to color a happy face to indicate their desire to
continue participating in the robotic activities (see Appendix C).

The educational robotics curriculum was designed to take place over one
semester focusing on programming, building robots, and engaging in problem-
solving tasks that require spatial skills (see Appendix D for the curriculum). The 11-
week intervention program was conducted in this education unit. Participants
attended maximum 40-minute activities once a week. In the first four weeks,
unplugged activities prepared preschool children for plugged-in activities designed
with educational robotics. Following four-week, participants attended plugged
activities designed with BeeBot. In the last two weeks, the activities designed with

Bubble-Bot were implemented. The timeline of the data collection can be seen in

Figure 1.
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Figure 1. Timeline of data collection process
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Bee-Bot, an educational robot that is capable of storing a series of up to 40
instructions in its programming, was used in this study. Young children can control
the BeeBot by inputting a series of uncomplicated instructions for movement or
rotation by using seven brightly colored buttons located on its back. There are four
orange buttons that facilitate forward, backward, right, or left motion. There is a
central green button (GO button) that initiated the programmed sequence. There is a
blue button for memory clearance (CLEAR or X) and another blue button for
introducing a brief pause in the robot’s motion (PAUSE or II). This current study
also used Bubble-Bot educational robot that introduces children drawing and coding
in an intuitive and enjoyable way through the medium of illustrations. To create
drawings with Bubble-Bot, children need to press the colorful buttons on the keypad.
The sequence of selected buttons forms the drawing, and the robot replicates it on
paper. There are cards that assist children in their initial steps in programming,
offering various combinations for creative drawing possibilities. Besides, the Bubble-

Bot can respond children’s sounds and blowing in its free mode.

3.6 The robotics curriculum

This section outlines the design and theoretical underpinnings of the robotics
curriculum developed for this study, which aimed to foster spatial skill development
in young children through educational robotics. Grounded in research on embodied
learning and developmentally appropriate pedagogical frameworks, the curriculum
was informed by Bers’ TangibleK Robotics Program (2010) which emphasizes the
importance of integrating physical interaction, problem-solving, and child-centered

approaches into early computer science education.
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The curriculum was designed by the researcher, who drew upon her expertise
in early childhood education and her interest in robotics to create an 11-week
program that combined unplugged and plugged-in activities using programmable
toys, such as Bee-Bot and Bubble-Bot. Through a combination of hands-on tasks,
structured lesson planning, and reflection-based discussions, the curriculum provided

opportunities for children to use their spatial skills during the robotic tasks.

3.6.1 The embodied approach in robotic tasks

Bers’ Coding as Another Language pedagogical framework (2019) emphasizes using
concrete tools to allow young children explore coding through tangible or visual
block-based programming. Moreover, Bers (2008) highlights that robotics education
encourages students to engage in three-dimensional thinking and visualization, as
they build and design robots. This process inherently demands the use of spatial
skills and the ability to mentally simulate the robot’s movements during
programming. Building on this understanding, in the robotic curriculum, unplugged
and plugged-in activities were designed to foster targeted spatial skill in the context
of educational robotics.

Moreover, programming tasks provide a foundation for problem-based
learning and support the engineering design process, which includes repeated cycles
of testing and refining solutions (Bers, 2008; Resnick et al., 1999). Although many
robotics programming tools exist for educational use, only a limited number are

tailored specifically for young children—such as Bee-Bots and Bubble-Bots. In this

study, these tools were integrated into the curriculum to explore how embodied

learning principles shape young children's spatial skills through robotic activities.
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The embodied approach in robotics education emphasizes the role of physical
interaction and movement in helping young learners internalize spatial concepts
through direct bodily engagement. While learning abstract concepts, it is essential to
link knowledge representation with bodily experiences that are grounded in
perception (Barsalou, 2008; Johnson-Glenberg et al., 2014; Lindgren, 2014;
Lindgren & Johnson-Glenberg, 2013). In the context of robotics programming,
studies have shown that physically enacting programming commands is more
effective for understanding programming ideas than simply visualizing them (Black,
2010; Fadjo et al., 2009; Lu et al., 2010). These findings highlight that increased
physical involvement can enhance perceptual learning by offering learners tangible,
real-world experiences.

Furthermore, solving problems with robotics involves designing, building,
and programming a robot in ways that require a deep conceptual grasp of how the
system works. Embodied robotics tasks encourage learners to physically simulate the
robot's actions using their own bodies (Lu et al., 2011). This shift in perspective—
from programmer to robot—allows children to visualize and act out the robot’s
motions, which can lead to a more thorough understanding of the robot's functioning
and more accurate programming.

In conclusion, the robotics curriculum developed in this study integrates
developmentally appropriate programming tools and embodied learning principles to
support young children’s spatial skill development. Basically, the curriculum
combined unplugged and plugged-in activities using Bee-Bots and Bubble-Bots to
offer young children concrete opportunities for spatial skill use. This approach not
only aligns with current research highlighting the importance of physical interaction

in learning abstract ideas (Barsalou, 2008; Lindgren & Johnson-Glenberg, 2013) but
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also underscores the potential of educational robotics as a meaningful pathway to

foster spatial skill development.

3.6.2 The design of the robotic lesson plans
The design of the robotics lesson plan structure was based on the Bers’ (2010)
TangibleK robotics program which integrates developmental characteristics of young
children into programming education. As a curriculum designer, our role is to
understand how programmable toys used in the early childhood classroom. Bers’
(2010) TangibleK robotics program guided us to design the structure of the lesson
plan which included targeted skill, learning objectives, teacher preparedness before
the activity, opening/closing technology circles, warm-up activities, main activities.

In this study, targeted spatial skills and learning objectives were included at
the beginning of the lesson plan. Furthermore, each lesson contained a variety of
activities, including warm-up activities to introduce topics, closing technology circles
to discuss and reflect on activities and concepts. According to Bers (2010),
technology circle plays a significant role for promoting problem-solving in
programming by leading interpersonal connection among peers and adults. Initiated
by the teacher, technology circles involve children’s showcasing their projects and
engaging in discussions around who at worked, what did not, and the objectives they
aim to achieve (Bers, 2010). In the present study, the technology circles occurred in
every activity at the project’s outset and at the end of the activity, tailored with
children’s needs and teacher’s goals.

The robotic curriculum’s main activities were designed for the study included
eleven activities: five unplugged and six plugged activities for promoting children’s

spatial skills. In this study, we designed a series of tasks that varied in difficulty,
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ensuring that both plugged-in (technology-based) and unplugged (hands-on)
activities catered to participants’ spatial skills. By thoughtfully balancing the
complexity of each activity, it was aimed to keep the children engaged and eager to
tackle new challenges with confidence throughout the robotic curriculum.

In the unplugged activities, participants were introduced several activities
tailored with specific spatial concepts such as spatial awareness, spatial visualization,
mental rotation, and spatial vocabulary. In the plugged-in activities, programmable
toys were used to facilitate young children’s spatial skill development with providing
learning environments in which young children can manipulate tools and construct
knowledge. For instance, participants were introduced two different types of
programmable toys which enable them to engage in planning programming phase,
designing tangible materials for programmable toys such as grid, maze, and map
design, drawing shapes and figures with programmable toys.

In summary, the robotics lesson plan in this study was structured around the
principles of Bers’ (2010) TangibleK robotics program, which emphasizes the
developmental needs of young children in early programming education. The
curriculum was thoughtfully designed to include targeted spatial skills and clear
learning objectives, along with structured components such as teacher preparation,

warm-up tasks, main activities, and reflective technology circles.

3.7 Data analysis

In this research study, the multimodal social semiotic approach was used to
understand young children’s embodied interactions with educational robotics.
According to Bezemer and Mavers (2011), as the use of video recordings grows in

social research, it brings forth methodological questions related to multimodal
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transcription. This includes challenges in transcribing non-verbal elements. To
accurately represent social interactions in transcripts, various modes shaped by social
and cultural factors are translated to convey meaning, including speech, gestures, and
images (Bezemer & Mavers, 2011). Bezemer’s framework (2014) offers a tool for
researchers to analyze embodied interactions with technology by video data (Kopcha
& Ocak, 2020). Bezemer (2014) created a framework that involves five common
steps: (1) Choose a methodological framework, (2) Define purpose and focus of
transcript, (3) Design transcript, (4) Read transcript, and (5) Draw conclusions. The
dataset was analyzed based on this framework through multimodal transcriptions in

this case study.

3.7.1 Choose a methodological framework

Within the scope of this study, social semiotic approach was used to understand
children’s spatial skills in the light of embodied interactions with the educational
robotics activities. This framework is particularly suitable because it allows for a
detailed analysis of how meaning is constructed through the interplay of multiple
modes of communication. Bezemer and Mavers (2011) argue that transcripts should
be understood not as neutral records, but as constructed artifacts that reflect the
transcriber's analytical choices and theoretical perspective. They emphasize that
social semiotic transcription involves recognizing and analyzing the meaning-making
principles at work when transcribers represent interactions. This is crucial for this
study, as it necessitates a rigorous approach to capturing the nuances of children's
interactions with robots, where meaning is conveyed not only through speech but
also through actions, gestures, and manipulation of the robotic tools. Bezemer (2014)

identifies different parts of the body as resources for making meaning that are visible
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on the recordings such as head, upper body, arms, and hands. This is highly relevant
to the study of children's spatial skills, where embodied actions such as pointing,
manipulating objects, and using gestures are integral to demonstrating and
developing spatial understanding. By attending to these embodied dimensions, the
analysis can provide a more holistic and nuanced understanding of how children
interact with and learn through robotics activities.

Overall, the social semiotic approach, informed by Bezemer and Mavers
(2011) and Bezemer (2014), provides a robust methodological foundation for this
research study. It enables the researcher to move beyond a solely linguistic analysis
and to systematically examine the complex interplay of various modes of
communication, including speech and embodied actions, that contribute to children's

developing spatial skills within the context of educational robotics.

3.7.2 Focus and purpose

The aim of this study is to explore young children’s spatial skills in the context of
embodied interaction with educational robotic activities. According to Khine (2017),
Spatial ability is the skill of accurately perceiving visual information, forming mental
visualizations, and understanding as well as altering the spatial relationships among
objects (Khine, 2017). Importantly, this ability is not static; it can be developed and
improved through specific training exercises (Khine, 2017; Newcombe, 2017; Uttal
et al., 2013). Therefore, the aim of the study was to understand the complicated
nature of spatial skills, we focused on young children’s use of spatial vocabulary and
gestures during the educational robotics activities. To reveal participant’s use of
spatial vocabulary, we categorized spatial vocabularies based on Canon et al. (2007)

eight categories of spatial vocabulary for examining the language used by children
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and caregivers when discussing space in both structured and unstructured settings. In
this study, pre-school children’s use of spatial vocabularies was analyzed based on
these categories. The categories basically include spatial dimensions, shapes,
location/direction, spatial orientations or transformations, continuous amounts,
deictic terms, spatial features/properties, and patterns. However, focusing only on
verbal utterances is insufficient to understand spatial skills so that we will focus on

children’s gestures.

3.7.3 Design the transcript

According to Bezemer (2014), multimodal transcripts not only represent multimodal
interaction, but also multimodal transcripts used multimodal modes in the transcript,
including a combination of writing, typography, image, and layout. In this study, we
focused on both verbal and non-verbal interactions such as gestures, bodily actions,
and mimicry. Our selected images emphasized on moments where the participants
interacted with each other and learning tool through gesture. Arranging the images
and dialogue encourage us to understand nuanced meaning revealed through the
participant’s gesture, verbal utterances, and the elements of the environment over
time (Kopcha & Ocak, 2020). The design of the transcript includes verbal utterances,
gestures, and transduction part. Bezemer (2014) concluded that when you read a
transcript, you must read, mark, annotate, and refine it. In the transcription stage,
there is a need to select and highlight interactional features for the audience and
describe what you see in the visual representation of the transcript. In the study of
Kopcha et al. (2020), the transduction section appears in the third column of their
transcript, and it entails constructing a single narrative that explains how different

modalities encourage participants’ computational thinking skills.
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3.7.4 Read the transcript

In this study, we aim to describe different modalities and their effect on participants’
spatial skills. With this purpose, dialogue and image columns were considered a
single unit of analysis, meaning they were analyzed together rather than separately as

you can see in Table 2.

Table 2. Example of Multimodal Organization of the Video Data

Dialogue Embodied Interaction Transduction Spatial Skills
Observed

Ms. Hill (Teacher): He physically interacts Spatial

Uriel where are you with the Bee-Bot, visualization for

going? moving it step by step. planning the route

He assigns a numerical for the robot by

Uriel: To Forest, One, value (the number of measuring the

two, three, four, five, steps) to the physical distance by holding

six and gooo. movement of the robot. bee-bot among his
hands.

[ He firstly holds the bee-bot and counting
its steps to reach Forest in the South
Campus. Then, he presses the forward
button to reach there.]

In the first column, verbal exchange between the teacher, the child and among
children. It includes direct quotes that reveal how children express their intentions,
use spatial vocabulary, and respond to guidance. The second column documents the
child’s physical actions and gestures while using the robot. The third column of our
transcript (see Table 2) presents the transduction, which was achieved by
constructing a single account of how different modalities shaped the participant's
spatial skills. In other words, transduction (third column) involves the researcher
actively examining multiple modes of interaction to gain a deeper understanding of
the research question (Kopcha et al., 2020). Therefore, the dialogue (first column)

and related images (second column) were treated as an integrated analytical unit,
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examining them together rather than in isolation (Kopcha et al., 2020). In the fourth
column, there are specific spatial skills observed during the interaction with robotic
tasks. These may include skills such as spatial visualization, mental rotation, spatial
orientation, measurement, or route planning. In the present study, we analyzed both
verbal and visual data as a combined unit to make an interpretation about
participant’s embodied interaction with the programmable toys.

In this study, consensus on codebook was established through two cycles of
reading the transcripts by researchers to determine consistent patterns that were
present in the data. To ensure reliability in the coding process, the codebook and
datasets were shared with a researcher fellow specializing in this field, who was
tasked with conducting the coding as an interrater. This researcher is a teacher at the
school where the study was conducted and is also a master’s student in the
Educational Technology program at Bogazi¢i University. Subsequently, a validation
meeting was held with an expert in the fields of educational technology and
qualitative research. During this meeting, the original framework-based codebook,
the dataset, and the refined codebook from the previous meetings were critically
reviewed.

To aid consensus building, we drew upon Alibali (2005) comprehensive
framework to analyze how gestures contribute to expressing, communicating, and
thinking about spatial information. We divide the gesture use for spatial concepts into
three main categories based on Alibali (2005) framework. In the first category, the
role of gesture for expressing spatial information was examined. We categorized
gestures to express spatial information regarding geometric relations and spatial

transformations during the robotic tasks as shown in Table 3.

43



Table 3. Gestures for Expressing Spatial Information

Gestures Their Meanings

Interlocking Using fingers or hands to interlock or overlap.

Separating Using hands or arms to split or divide objects.

Relative position gestures Holding one hand above another indicates one object is above
another.

Pointing Directly pointing at a location, object, or direction (e.g., Pointing
at a robot to indicate where it should go.)

Indicating Direction Using a hand to indicate a direction (Above/Below, In/Out,
Near/Far, Left/Right, Front/Back)

Tracing Tracing a path or shape in the air

Size Using hands to indicate relative size

Distance Using hands to indicate distance.

Note. These gesture categories were adapted from Alibali’s study (2005).

In the second category, we tried to understand the role of gesture for
communicating spatial information as shown in Table 4. Learners often use gestures
more when they support their understanding and demonstrate their intention to
communicate (Alibali, 2005). Importantly, gestures that either repeat verbal
information or introduce new information can significantly influence the listener’s
grasp of accompanying speech (Alibali, 2005). Children were more successful at
choosing the right block when the gestures used by the person giving instructions
simply what was being said (Alibali, 2005). That is, if the words and the gestures
conveyed the same information, the children understood and acted on the instructions
more accurately. Essentially, when the message was reinforced by redundant or
matching gestures, it was clearer for the children. It suggests that redundancy in
communication, at least in this context, is helpful for children's comprehension and
performance. According to Alibali (2005), both redundant and non-redundant
gestures affect how learners understand the spoken words they accompany, and

learners can also pick up information uniquely expressed through gestures.
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Table 4. Gestures for Communicating Spatial Information

Gestures Their Meanings

Redundant Gestures that conveyed information that was redundant with (or
matched) the information conveyed in the accompanying speech.

No-Redundant Gestures communicate information that is not conveyed in speech.

Note. These gesture categories were adapted from Alibali’s study (2005).

In the third category, we tried to understand the role of gesture for thinking
spatial information as shown in Table 5. Consequently, gestures play a vital role in
the cognitive process, especially when thinking about spatial information. They assist
speakers in retrieving words, particularly those related to physical actions or spatial
concepts (Alibali, 2005). Ultimately, gestures encourage the application of spatial
strategies in problem-solving activities, such as mental rotations and spatial
reasoning (Alibali, 2005). Embodied learning suggests that gestures may affect
learner’s thinking about spatial information (Alibali, 2005). Gestures are bodily

movements, and they occur learners talk about spatial information (Alibali, 2005).

Table 5. Gestures for Thinking Spatial Information

Gestures Their Meanings

Mental Imagery Using gestures to visualize or represent spatial concepts (e.g.,
making a small, circular motion with a finger to represent a
ball the robot should avoid).

Bodily Representation Using body movements to represent spatial relationships (e.g.,
stepping forward or backward to describe movement in those
directions).

Spatial Skills Using gestures to help solve spatial problems (e.g., tracing a

path on the floor to plan a route for the robot).

Note. These gesture categories were adapted from Alibali’s study (2005).

3.7.6 Draw conclusion
When we completed the multimodal analysis, we address our research questions and

drew our conclusions about our data analysis. During this process, we first formed
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categories that included code clusters. And then, we generated themes based on those

categories. The findings, discussions, and conclusion sections are presented below.

3.8 Trustworthiness

Qualitative researchers should be aware of trustworthiness criteria before analyzing
the data they gather. Creswell (2003) suggests using one or more strategies in a study
to illustrate that findings are trustable. Prolonged engagement is one of the credibility
strategies to decrease the researcher’s biases toward the qualitative data and increase
their understanding of the culture of the studied group (Lincoln & Guba, 1985). This
study lasted for eleven weeks. A triangulation strategy was also used to increase the
study's dependability. Triangulation is using multiple data sources or methods to
improve the credibility of the findings (Creswell & Poth, 2013). This triangulation
process involved bringing together various perspectives and approaches to provide a
more comprehensive understanding of the data. During the analysis phase, two
researchers meticulously examined the collected data via a thorough review process.
Also, clearly describing all the steps from the beginning of the study to the end of the
reporting findings improves confirmability (Lincoln & Guba, 1986). Thus, the
researcher constantly took notes about her progression during this study with clear
and transparent writing. The final criterion is the ability to transfer research findings
to other contexts or settings (Lincoln & Guba, 1986). In this study, the researcher
provided thick descriptions of the case and findings so that other researchers could
easily observe similarities with their studies and replicate the study in different

contexts.
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3.9 Researcher’s position

It is essential to articulate how the researcher's positionality and experiences may
have influenced this study. In this research, I occupied multiple interconnected roles,
which 1 will outline below. By acknowledging the dual role and how my background
could influence interpretations. This kind of self-situated transparency is essential in
qualitative researcher (Berger, 2015).

My academic background includes a bachelor’s degree in early childhood
education and a master’s degree in educational technology, both from Bogazici
University. My engagement with children began during my undergraduate studies
and has continued throughout my professional development. | have prior experience
as a teacher within the research setting; specifically, | completed an internship at the
Bogazici University Early Childhood Education Unit, which is also the site where
this study was conducted. Since my graduation, | have been employed as a preschool
teacher at the same institution. As a result, | was already familiar with the
environment, daily routines, and staff at the unit, which facilitated the
implementation of the study and helped establish a naturalistic research setting.
However, this level of familiarity also presented a potential ethical concern.

Being in a position of authority and familiarity with the children could create
a risk of perceived coercion, where participants might feel obligated to take part in
the study due to the existing teacher-student relationship. To mitigate this, several
ethical precautions were taken. Prior to conducting the study, | obtained official
permission from the Board of Directors of the Bogazi¢i University Early Childhood
Education Unit. The study was then registered and approved by the Bogazi¢i
University Ethics Committee. Following this, informed consent forms were

distributed and collected from all participating children's parents.
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To ensure that children themselves were given a genuine choice about
participation and to reduce the risk of implicit pressure, I also implemented a child-
friendly consent procedure. Children need to know the purpose of the research, what
it involves, what activities they will participate in, and how long it will take
(Einarsdottir, 2007). Before the start of the study, the purpose of the robotic activities
was explained to the children using age-appropriate language. Each child was then
asked to color a happy face if they wished to participate in the activities, or
an unhappy face if they did not. This visual method of voluntary participation
respected the children’s autonomy and helped ensure ethical engagement in
accordance with best practices in early childhood research (Einarsdottir, 2007).

Consequently, in this study, | took on both the researcher and teacher roles.
Prior to the data collection, | also developed the 11-week curriculum by meticulously
designing each activity to integrate programming concepts and foster spatial skills.
My two years of experience working with 5-year-old children, including the
implementation of educational robotics activities, equipped me with the pedagogical
expertise necessary to create developmentally appropriate lesson plans using
programmable toys. However, being both the curriculum designer and the teacher
who implemented the activities posed the risk of interpret participant’s behaviors in
ways that confirmed pre-existing assumptions or goals. As both the curriculum
designer and implementer, my challenge was to observe participant behaviors that
confirm the intended learning goals. Moreover, observing whether the curriculum
was affective or not objectively was also a challenge due to my emotional
investment. To address these challenges, we grounded the curriculum in research-
based pedagogical models, Bers’ (2010) TangibleK Robotics Program and embodied

learning principles. Besides, | explicitly outlined the targeted skills and aligned them
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with observable learning objectives to minimize subjective interpretation. Also, |
shared and co-developed parts of the curriculum with colleagues, mentors and field
experts to gain external input and reduce a potential designer bias. While
implementing the curriculum, | focused on teaching fidelity rather than interpreting
the data. After each session, | recorded reflective memos and notes, as it is a practice
that supported reflexivity and contributed to transparency and rigor during the later
stages of data analysis (Finlay, 2002; Pillow, 2003).

During the data collection phase, | assumed the role of the children's teacher,
implementing the designed activities. This involved the logistical setup of cameras
within the classroom, the initiation of recordings, and the facilitation of the activities
themselves. The robotics activities were conducted in a dedicated space within the
Early Childhood Unit, specifically designed to support children's exploration of
programmable toys and related materials. To minimize reactivity and promote
authentic behavior, | endeavored to maintain a typical classroom environment. The
children demonstrated comfort and readily engaged in the activities, perceiving them
as part of their regular classroom routine. This dual role of researcher-teacher can be
considered a significant strength of the study, affording unique insights into the
children's learning within a familiar and naturalistic context.

However, there were several concerns in the data collection procedure in
relation to my dual role. One concern was the potential for reactivity, wherein the
children’s behavior might be altered by the presence of cameras or their familiarity
with me as both a teacher and a researcher. Another challenge was
maintaining objectivity, as my direct involvement in delivering the activities could

influence how I interpreted participants’ responses and behaviors.
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To mitigate these concerns, several strategies were employed. First, |
endeavored to maintain a typical classroom environment, ensuring that the activities
were seamlessly integrated into the children's existing routines. This helped reduce
the novelty of the setting and supported authentic engagement. Second, the video
recordings enabled me to distinguish between my roles temporally: | acted as the
teacher during real-time facilitation and later reviewed the video footage as a
researcher. This approach allowed for repeated and unbiased analysis of the
children’s interactions, independent of real-time classroom demands. Third,
the camera placement was deliberately unobtrusive, allowing children to move freely
without distraction.

Following the data collection, I transitioned to the role of researcher as a data
analyst. This involved repeated and detailed reviews of the video recordings and the
production of comprehensive transcripts. These transcripts then served as the primary
data source for subsequent analysis. To mitigate this risk and enhance analytic
credibility, a series of structured and collaborative steps were taken. First,

a codebook was developed prior to the analysis, based on the research questions,
theoretical framework, and observed patterns during initial viewings. The data were
then subjected to two independent cycles of coding, involving researchers from
distinct yet complementary disciplines—early childhood education and educational
technology.

In the first coding cycle, a research fellow from early childhood education
and I independently coded the video data from the eighth week using the shared
codebook. After completing our separate analyses, we met to compare coding
outcomes, discuss discrepancies, and refine the interpretations collaboratively. This

process helped ensure that the codes were not solely shaped by my personal
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interpretations or expectations. In the second coding cycle, a new expert from the
field of educational technology independently analyzed the same eighth-week data,
again using the same codebook. The involvement of an interdisciplinary outsider
served as an important external validity check and brought a fresh lens to the
interpretation process. After this second round, the final version of the codebook was
revised and finalized based on inter-rater discussions and observed overlaps in
coding patterns. Using this refined codebook, | then proceeded to code the entire
dataset, ensuring consistency and analytical coherence. To further strengthen the
trustworthiness of the findings, an external expert review was conducted after the full
analysis was completed. This final step provided an additional layer of validation for
the themes and interpretations drawn from the data.

Overall, my dual role as both researcher and teacher presented unique
opportunities and challenges throughout the study. My background in early
childhood education and educational technology, combined with my teaching
experience, enabled me to design and implement a developmentally appropriate
robotics curriculum grounded in established pedagogical models. However, this
insider position also introduced risks related to bias, subjectivity, and reactivity.
During data collection and analysis, efforts to maintain objectivity were supported by
strategies including unobtrusive video recording, role separation, multi-phase coding
with interdisciplinary researchers, and expert validation. This reflective and
transparent approach not only enhanced the trustworthiness of the study but also
contributed to a deeper understanding of young children's engagement with

educational robotics in a naturalistic early childhood context.
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CHAPTER 4

FINDINGS

As a result of the data analysis, five themes emerged: (a) Robotic activities
encourage preschool children’s use of spatial skills while planning their robotic
programming; (b) Designing tangible materials before plugged-in robotic activities
supports preschool children’s use of spatial skills; (c) Robotic activities enable
preschool children to use spatial skills while solving problems in the programming
phase; (d) Unplugged robotic activities that focus on different spatial concepts
prepare preschool children for plugged-in activities more; (e) Providing a context,
robotic activities facilitate preschool children’s frequent use of specific spatial
vocabulary. These themes are presented under the relevant research questions in this

chapter.

4.1 How do 5-year-old pre-school children demonstrate their spatial skills during the
pre-programming stage of the robotic tasks?

The first research question of this study explores preschool children’s spatial skills
during the pre-programming stage of the robotic tasks. In the pre-programming stage,
participants planned their robot’s route or path and designed grids for the robot’s
path. During this early stage, participants were observed as actively engaging

in spatial skills as they prepared for programming and often using manipulative
gestures to support their planning process. These gestures included using their hands
to measure the relative size of the robot, estimate distances on the grid, and simulate
the directional flow of movement. In addition to using manipulative gestures,

participants also demonstrated spatial skills during the design of tangible
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materials for plugged-in robotics activities—such as building Lego mazes or mapping

out robot routes on craft papers. In these collaborative tasks, participants often relied
on communicative gestures and verbal dialogue enriched with spatial language to
express and refine their ideas. These communicative gestures included pointing to
specific locations, illustrating shape and size with their hands, and using sweeping

motions to indicate paths or turns.

4.1.1 Robotic activities encourage preschool children’s use of spatial skills while
planning their robotic programming

In this study, participants seemed to engage in spatial skills primarily during the
planning their programming phase. Preschool children usually use manipulative
gestures to think about the robot’s path or route before programming. They used
more manipulative gestures when they tried to make the robot move in the targeted
destination such as using hands to indicate relative size and distance. Participants’
used their planning strategies use their planning strategies to simulate the robot’s
movement before the programming. For example, participants tried to calculate how
many steps the robot needed to reach the finish line in the Meeting with Bee-Bot

(plugged-in activity in week 6) as shown in Figure 2.

Figure 2. Participants counted each robot's movement by implementing different
strategies in the Meeting with Bee-Bot activity.
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They produced different planning strategies for the size of each robot move in the
Meeting with Bee-Bot (plugged-in activity in week 6). Olivia first measured the
robot's size with her hands. Then, she calculated length of the steps with her hands
while simultaneously pressing the forward button on the robot to code it. On the
other hand, Uriel measured the robot's size with his hands, similar to Olivia's
technique, and began calculating the steps. After finishing his calculations, Uriel
pressed the forward button for the number of times he had counted. However, Uriel
realized he had pressed the forward button too many times and said, "My robot went
forward too much." Changing his calculation method, Uriel took the robot between
his hands and counted the steps while moving the robot to the finish line without
programming it. After finishing the counting process, he returned to the starting point
and pressed the forward button for the number of times he had counted. These
examples demonstrated that participants produced different planning strategies which
were observed through their direct physical interaction with programmable toys to
check the robot's size and movements to reach the finish line.

Participants also used different planning strategies to navigate the robot’s
movement in the Travelling Campus with Robot (plugged-in activity in week 8). For
example, Uriel first explained how to navigate the robot. Then, he held the robot and
counted its steps to reach the forest on the campus. Then, he pressed the forward
button to get there. At the same time, Yuma planned the route that he wanted his
robot to go by placing his finger on the mat and counting how many steps the robot
should go in the swimming pool. Participants engaged in spatial skills and used their
manipulative gestures to plan the robot's movements before they began

programming.
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During the activity, participants played with the drawing robot for the first
time. They initially explored its features, particularly the designated pen area for
drawing. The robot operated in two modes: free mode and drawing mode. After
experimenting in free mode, participants expressed readiness to use the drawing
mode. Prior to drawing, participants were presented with a shape card, indicating that
they would be drawing specific shapes using the robot. Participants demonstrated
their planning strategies before the programming process in the drawing activity with
the robot. For instance, Uriel traced his finger on the robot's screen with a colorful
button to understand how to draw a star. In the example below, Uriel decomposed
the shapes into simpler components to plan the coding sequence on the robot's screen
with colorful buttons. It seems that Uriel could transfer his mental plan into physical
actions, pressing the correct buttons to control the robot. The robot's screen enabled
him to trace the drawing with his finger. He tried to trace a star shape for a while
before starting coding. When the robot's drawing was incomplete, Uriel could
identify the missing part and devise a solution to complete it:

Ms. Hill (Teacher): Children, if you wanted to draw a star on a piece of

paper, how would you do it?

Uriel: I know, | know. [He took the robot and planned and executed how to

draw a star by moving his fingers over the button's surface of the robot.]

Uriel: Yay, we're going to draw a star!

Ms. Hill (Teacher): Uriel, you were very close.

Uriel: It just needed to be like this. [Even though a part of the star was

missing, the robot drew almost all of it. He took the pencil and completed the

missing part.]
In this study, it was saliently observed that participants engaged in spatial skills
during robotic activities, while planning in the pre-programming phase. Participants
employed different approaches to planning the robot's movement, such as using their

hands to measure distances, tracing routes, and moving the robot manually to

estimate the number of steps needed. When participants used their manipulative and
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communicative gestures to indicate the relative size and distance for the robot’s path
or route, they were also engaged in sensorimotor exploration which is a key
mechanism of embodied learning. As a result, participants interacted physically with
programmable toys to understand abstract spatial concepts such as direction,

distance, and position.

4.1.2 Designing tangible materials before plugged-in robotics activities help
preschool children to enhance their spatial skills

Another noteworthy observation from the study is that participants used their spatial
skills while designing tangible materials before plugged-in robotics activities. For
example, in the Lego Maze (plugged-in activity in week 9) activity, participants
planned their ideal maze in their groups before implementing their ideas. Each group
presented their ideas by selecting a spokesperson. Sophie presented her group’s
ideas, “It will be a semi-circle with a bridge next to it. Then we will go around the
semi-circle and turn and there will be obstacles.” She stepped forward and used her
hands to explain what the maze would look like. She used her hand to show the
circle, the bridge, the turns, and the obstacles.” Uriel also presented his group ideas,
“We are like this too. They chose me. Well, we wanted to make our obstacles a bit
challenging. Our maze will be large. We will either make our obstacles full lines or
half lines. There will be curved paths, straight paths and then squared paths.” He
explained his group imagined maze by referring paths and obstacles. The mention of
full lines, half lines, curved paths, straight paths, and square paths indicates the

complexity of his decision-making process. He explained what he wanted to do in
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the maze using his hands as shown in Figure 3. He tried to show each step using his

hands and body.

Figure 3. Uriel explained his group maze design using hand gestures in the Lego
Maze activity

From these examples, it may be concluded that participants used their body as a
communication tool to convey their ideas more effectively. Participants used their
gestures to be more expressive when dealing with a spatial task such as the maze
design as it required participants to use spatial concepts, including directions, size,
and distance. Children actively visualized the maze in their minds, using spatial
features of the maze such as half-circle, bridge, and obstacles. They considered
challenges and solutions, such as making the maze more complex by adding more
obstacles. That is, participants seemed to create the mental model of the maze,
helping them to plan the layout and anticipate challenges. In this case, participants’
use of gestures such as using their hands to represent maze features such as a half-
circle or bridge demonstrated iconic and communicative gestures that visually
represent abstract spatial concepts.

Participants looked at the campus map in the Travelling Campus with Robot
(plugged-in activity in week 8). They pointed to the places indicated by the teacher

(Ms. Hill) during the activity. Participants located the places that they knew on the
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campus. They used pointing gestures to explain where the places were and indicated
directions. After their observations, they identified specific locations on the craft
paper, establishing a spatial reference frame. They used their observation to design a
grid for their robot. For instance, Uriel used the edges of the paper as a reference
point to determine where the sea and ships were nearby the campus. He also put the
campus square at the center of the craft paper. Uriel and his groupmates outlined the
boundaries of the drawing area, visually defining the space. They also combined
verbal communication and physical gestures to discuss their ideas and plan the
composition of the drawing. Participants discussed the placement of the buildings
and materials that they saw on the actual map. For instance, Ms. Hill asked Uriel and
Yuma what they were drawing. They responded, "We drew a ship and a helicopter.”
Olivia said, "I drew a helicopter,” prompting Uriel to inquire, "Where?" Pointing to
the craft paper where they had drawn the campus map, Olivia confidently replied,
"Of course, this blue thing." However, Uriel disagreed, stating, "No, the helicopter is
on the seaside." In this dialogue, particularly Uriel's inquiry about the helicopter's
location and Olivia's subsequent spatial reference provides an example of developing
spatial skills. In this example, they discussed their design by indicating directions to
the places based on their campus map observations.

In conclusion, participants used their spatial skills through communicative
gestures, their verbal dialogue with enriched with spatial language, and visual
references to design tangible materials in the pre-programming phase. These
examples from the data demonstrate that participants used their bodies, gestures, and
verbal dialogue as tools to externalize and refine spatial concepts, illustrating an
early ability to plan, visualize, and communicate spatial information in the

preparation for robotics tasks.
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4.1.3 How do 5-year-old pre-school children use their spatial skills during
unplugged and plugged robotic activities?

In this qualitative research study, unplugged activities were intentionally designed to
immerse participants in key spatial skills as shown in Table 9, such as spatial
awareness, spatial visualization, spatial language, and mental rotation. Through these
experiential learning opportunities, it was expected that participants gain the
foundational knowledge to approach and tackle spatial problems in subsequent
plugged-in robotic activities. That is, these embodied, hands-on experiences form the
concrete foundation that participants later draw upon when interacting with
programmable toys. For instance, giving instructions for coding their friends to put
blocks in the Coding My Friend (unplugged activity in week 1) enables participants
to internalize the meaning of instruction, making these commands more intuitive
during plugged-in programming.

In the Create Your Dance Steps (unplugged activity in week 3), participants
were asked to craft a sequence of dance moves, directly linking it to the sequential
commands necessary for robotic coding. For example, Emily created a visual
representation of her dance by placing pictures of herself jumping on one foot and
snapping her fingers in a specific order on the floor. With 12 images, she built a
unique sequence. After she finished the sequence, she performed her dance by
following each card. She used a unique pattern to perform her dance. Emily's actions
demonstrated a strong understanding of spatial awareness concepts in this activity.
By creating a visual representation of her dance using pictures, she effectively
translated her internalized sequence of movements into a concrete and tangible
spatial arrangement. By arranging the pictures on the floor, Emily visually

represented the dance sequence. That is, she was able to translate internalized spatial
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information (the order of dance moves) into an external, two-dimensional
representation. As Emily danced, she needed to be aware of her body position, the
pace around her, and the placement of the pictures. She expressed the dance

movements with her body, demonstrating her body awareness, as well,

Table 6. Spatial Concepts/Skills During the Unplugged Activities

Concepts and Description Sample Indicators Non-Verbal Indicators
Skills (Participants’ demonstration of concepts
and skills)

Spatial Being aware of her/his In the “Create Your Dance Steps” activity, They used their bodies to
Awareness body position, the pace ~ young children visually represent their demonstrate dance

around her/him, and the  dance figures using picture cards. They movements.

placement of the translated their

objects. internalized sequence of movements into a

concrete and tangible spatial arrangement.

Mental Mentally rotate the In the “ Floor is Lava” activity, children They used their hands and
Rotation objects around them. observe their grid designs and realize their feet to point to grid

mirror placement. representations.
Spatial Using directional and My Coding Friend: Children built They used nonverbal cues to
Language: shape-related language structures or created designs using blocks. demonstrate the features of
Directional/ to describe spatial They used directional language (e.g., "left,"  blocks, such as pointing and
Shape Words relationships and "right") and shape-related terms (e.g., indicating to

objects. "triangle," "square") to guide their partners  supplement their verbal

in placing blocks correctly. instructions.
Distance/ Understanding In the “Origami Plane” activity, they They used their hands to
Relative distance, relative followed step-by-step instructions, and the indicate direction. For
Positions of positions, and children folded paper to create an origami instance, they pointed to
Objects/ symmetry to plan and plane. They considered symmetry, distance, =~ where the wind was coming
Symmetry execute tasks. and relative positions of folds to achieve from to fly their planes.

the desired shape.

The "Floor is Lava™ activity involved a 3x3 grid where participants placed red
papers (representing lava) on various squares. Emily placed two lavas on the left side
of the grid and one in the center of the bottom row. As illustrative example is
presented in the Table 10. Yuma saw a similarity between his grid and Emily’s grid
designs. He said, “I did like this.” He continued to point about the arrangement of red
papers on the grid as shown Table 10. However, Emily disagreed, stating, "No, you
did not put there; you put here." She pointed out a different location on the grid.

Emily recognized a difference in their lava placements. She demonstrated her
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friends’ placement by pointing the other side of the grid as shown in Table 7. This

observation suggests that participants mentally rotated the placement of the grid.

Table 7. Participant's Use of Spatial Skills During the Lego Maze Activity

Dialogue

Embodied Interaction

Transduction

Spatial Skills
Observed

Emily: “Now, I will make a
simple one because I love
Olivia.

Olivia: But you're coming
forward. How will the robot
pass?

Ms. Hill: "I think we should
watch from a little further
back.

Emily: and dee dit.

[She
placed the
last paper]

She places the lavas for her
friend, and she makes it
very easy. She begins by
placing two lavas on the
left side of the grid.
Subsequently, she positions
the final lava in the center
of the bottom row.

Spatial orientation.
She demonstrated an
understanding of
how objects are
positioned in space
on a grid.

Yuma: I did it like that too.

hand.]

[Sat up
from
where he
was sitting
and
pointed to
the grid
with his

Yuma realizes the
similarity between his lava
placement and her friend
placement. Yuma. mentally
rotates the image of the
initial placement,
imagining it from a
different perspective.

Mental Rotation. He
mentally reoriented
visual information to
compare layouts
from different
perspectives.

Emily: Nooo. You didn't put
it here. You put it here.

[She
thinks
about
her

designated way and responds her

friend with pointing the other side

of the grid]

She

remembered her friend
arrangement of the red
papers. She referred his
previous lava placement by
demonstrating with her
hands.

Mental Rotation.
She also mentally
reoriented visual
information to
compare layouts
from different
perspectives.

Participants produced alternative ways to solve "lava™ problems in the activity. For

instance, Uriel placed the red cards diagonally. Participants tried to walk without

touching red cards that represented lavas. They thought about alternative ways to

walk because the placement did not allow to walk without touching red cards. Yuma

pointed the crosswise way to reach the finish line. As illustrative example is

presented in Table 8. He thought of different paths to the finish line, considering the

obstacles.
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Table 8. Yuma’s Problem-Solving Process for Navigating Obstacles in the Lego

Maze Activity

Dialogue Embodied Interaction Transduction Spatial Skills
Observed

Ms. Hill (Teacher): He shows the crosswise way Spatial

Do you think a robot [He to reach finish line. He thinks  visualization.

can pass through stops different paths to the finish They

here without because line, considering the obstacle. ~ mentally

jumping? there is He selects the most efficient imagined

Yuma: diagonally alavain  strategy, which involves their

Ms. Hill: can he front of  moving around the obstacle. movements,

pass diagonally. the grid. ~ He uses the ability to including

Olivia: we turn He visualize the grid, the diagonal

diagonally. shows obstacle, and the alternative orientation

path is crucial. and rerouting.

crosswise way to reach finish line.]

Uriel then explained his idea for an alternative approach, stating, “If I had done it
like Yuma, it would have been easier. But this is difficult.” He was considering a
different way to place the lava papers. An illustrative example is presented in the
Table 9. He realized that if he had not placed the lava diagonally, his friend could
have easily walked through the grid and reach the finish line. This demonstrates
Uriel's manipulation of the spatial arrangement of the red cards. It can be concluded
from these examples that participants could manipulate spatial information to solve
the challenges presented in the Floor is Lava activity. Participants dealt with these
spatial problems by using their ability to mentally rotate lava pieces and altered the

spatial arrangement of the red cards.

Table 9. Uriel's Visualization of Alternative Path for Navigating Problems in the
Lego Maze Activity

Dialogue Embodied Interaction Transduction Spatial Skills
Observed
Uriel: If he were here. This one He visualizes the alternative way  Spatial
would immediately come like to putting lava papers. If he does  visualization.
this, pass like this, and do the not place the lava diagonally, his ~ He imagined
same as me. But it's difficult. friend can easily walk into grid changes to
and reach finish line. He object

Ms. Hill: Yes. I think you can
also go diagonally; we can also
turn the robot diagonally and
go. Let's see.

[e shows the alternative way
to places lavas for his friend
by pointing with his leg.]

demonstrates the alternative way
to putting lava papers.

placement and
foresee its
effect on his
movement.
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The activity My Coding Friend involved instructing a partner to build a
structure or create a design using blocks, requiring identifying and manipulating
different shapes. Participants needed to describe each geometric shape in the building
process for their friend as shown in Figure 4. For example, Emily said, "Now, you
put a red triangle on the left side,” and she continued, "Now, you put a green triangle
on the right side." Here, she conveyed a specific direction with her finger, providing
additional spatial information. She made pointing gestures that visually indicated the
target location. These nonverbal cues, such as pointing and gesturing, enhanced the
meaning of her verbal instructions. By incorporating these visual cues, she was able
to construct a shared mental model of the desired spatial configuration with her
partner. In this activity, participants’ use of gestures for expressing spatial

information such as pointing and indicating target direction helped them to build

their structure more effectively.

Figure 4. Pointing and indicating direction gestures in the Coding My Friend
activity.
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In the Origami Plane (unplugged activity in week 4), participants folded a
paper introducing basic spatial concepts such as symmetry and halves, and they
relied on trial and error, unfolding and re-folding the paper to achieve the desired
result. Participants followed the instructions paper, and Ms. Hill guided them through
each step as shown in Figure 5. For instance, Uriel showed an understanding of his
progress and asked his friends, “"Which step am | on now?" for clarification. Besides,
participants looked at each other’s folding and were informed by each other to fold
paper. Participants tried to understand each step and asked what they did in the next

step.

"
Figure 5. Participants following the origami instruction paper

In the Origami Plane (unplugged activity in week 4), participants seemed to
interpret spatial concepts such as distance and the relative positions of objects by
using visual information. For instance, Uriel tried to explain why Olivia's plane

failed to fly by pointing at where the wind comes from as shown in Figure 6. Uriel
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demonstrated how he held the origami plane and in which direction to fly it. He
made gestures to show where the wind was coming from, clearly grasping the
concept of spatial direction. He pictured how the plane would navigate through the
air, considering how the wind would influence its path. He clearly understood the
relationship between the plane's movement and the wind's direction. Furthermore, the
activity encouraged spatial reasoning as participants analyzed the plane's flight path
and considered the impact of wind direction, showcasing their ability to understand

and predict spatial outcomes.

Figure 6. Uriel supported his friend to how she holds and flies the origami plane

As seen, by following step-by-step instructions, observing others, and actively
seeking clarification, participants demonstrated an increasing understanding of
spatial concepts such as symmetry, halves, and the relative positions of objects

during the unplugged activities.
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4.2 How do 5-year-old pre-school children demonstrate their spatial skills during
programming stage of the robotic tasks?
The second research question explores how preschool children used spatial skills
during the programming phase of robotics activities, particularly while identifying
and solving problems related to robot’s path or route. As children programmed the
robot to follow specific paths or draw shapes, they frequently encountered challenges
such as incorrect direction, distance miscalculations, or shape formation errors. To
address these, participants applied a variety of strategies, such as using gestures,
recalculating step counts, and reprogramming commands to revise their plans.
These problem-solving moments revealed key spatial skills, including spatial
visualization, spatial orientation, and spatial transformation. Children used physical
interactions, such as tracing shapes with their fingers, rotating the robot, pointing to
directions and verbal dialogue to collaboratively analyze the problem and propose
corrections. In doing so, they demonstrated not only spatial skills but also the ability
to deconstruct complex tasks, sequence actions, and collaborate with peers to refine

their coding. The following examples illustrate how children’ s spatial skills

supported their problem-solving efforts in both path-planning and shape-drawing

tasks by using the programmable toys.

4.2.1 Robotic activities enable preschool children to use spatial skills while solving
problems in the programming phase

Participants used spatial skills to deal with problems that emerged during the robotic
activities. They recognized coding errors by using their spatial knowledge about
distance, size, direction in the robotic activities. Below is an example of a dialogue

between participants while solving the problem of how their robot reached the
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planned location in the map activity. In this example, participants identified errors in

their initial plan which robot going too far or in the wrong direction) and proposed

solutions to correct the mistakes. They worked together to discuss the problem, share

ideas, and solve it using their spatial skills. As illustrative example of this interaction

is presented in Table 10.

Table 10. Children's Problem-Solving Process by Using Spatial Skills in the

Travelling Campus with BeeBot Activity

Verbal Dialogue Embodied Interaction Transduction Spatial Skill
Observed

Emily: Because she ~ [She She attempted to correct Spatial visualization.

pressed too much. . ; Sophie's error by She mentally rotated

One, two, three. Look,
it needs to do it like
this. One, two, three,
four, five, six, seven,
eight. Like this.

demonstrating the correct
sequence of button presses,
emphasizing the importance
of accurate counting. She
observed and interpreted the
robot's movement in relation

the robot to know
which rotation code
to add her program
and demonstrate with
her hand movement.

Sophie: No to the grid.
demonstrated diagonal way by her hand
to reach the indented location.]
Uriel: It went ) ~ [He He explained that the robot Spatial
diagonally. explained already gone diagonal way by  transformation. He
that robot using his hand. described position of
Emily: How? already the robot relative to
gone the locations on the
Uriel: You went diagonally grid.
diagonally by his
like this, like this. hand]
Olivia: But if she i [She She demonstrated how to Spatial visualization.
keeps the robot like = - hold the robot to make it She also mentally
this, it will really go move diagonally. She rotated the robot to
diagonally. emphasized the physical know which rotation

demonstrated how to put robot for
diagnol way by rotating the robot with
her hand]

manipulation in achieving the
desired outcome.

code to add her
program and
demonstrate with her
hand movement.

Participants also demonstrated an ability to break a spatial problem into

smaller steps to successfully complete a robotic activity, including calculating robot

movements and drawing a geometrical shape with the robot. For example, Hazel

tried to draw a square, and her friends helped her to explain how to draw a square. In
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this part, the teacher (Ms. Hill) encouraged participants to explain how they helped

Hazel draw a square with the robot. Participants stuck a pen on their robot to draw a

shape in the drawing activity. There is an example of dialogue between children to

solve the problem of drawing a square with the robot as shown in Table 11.

Table 11. Breaking Down How to Draw a Square by Using Spatial Skills in the

Drawing with Bee-Bot Activity

Dialogue Embodied Interaction Transduction Spatial Skills
Observed
He gave a specific Spatial
Yuma: First, you need to | [He showed which  instruction to draw a orientation. He
press this. buttons needed to square by the robot. traced the path to
be pressed by draw a square

indicating to them
with his fingers.]

with the robot.

Uriel: Then, one more..
No. Look, a square is
like this. First, it needs
to go backwards.
Uriel: Look, it needs to
be done like this.

[He showed how
to draw a square
with robot by
tracing his fingers
He insisted with
his mimics and

Uriel corrected his
friend, and he used his
gestures and finger
tracing to visually
represent square.

Spatial
orientation. He
traced the path to
draw a square
with the robot.

Uriel: One, two. Press it gestures. ]

twice. Then press this.

Yuma: One time. [He showed He reinforced the Uriel Spatial
“one” by raising instructions to code the visualization. He
one finger.] robot for drawing a adjusted his body

square. when thinking of
path.

Uriel: Then press this [He explained Uriel continued to refine  Spatial

again twice. Then hmm how to draw a the sequence, adding visualization. He

this time press this again square by coding more detailed described

twice. Then go back.
Uh, press exactly two
times backward. Wait,
that’s too much. Press
this. Then this. Then
press this twice.

the robot. His
friends watched
his actions at this
point.]

instructions and
corrections. He used a
lot of hand motions and
gestured to show the
correct coding. His
friends watching him
shows that they are also
trying to learn from his
embodied interaction
with the robot.

imagined path in a
way to indicate he
visualized the

robot’s movement.

In this example, participants actively worked to solve how to draw a square

with the robot, and they shared their ideas and built on each other’s suggestions.

Yuma disagreed with his friend’s coding plan and explained the process clearly.
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Yuma and Uriel explained which buttons their friends needed to press to create a
square. They broke down the task of drawing a square into smaller, sequential steps.
They identified the necessary commands, such as forward, turn left, turn right and
their correct order. Uriel provided a step-by-step explanation, demonstrating a clear
understanding of the task and the ability to articulate it. She listened to her friends
explaining how to draw a square. They knew they needed to plan the sequence of
commands to achieve the desired outcome. They identified the error and adjusted
their strategy when the initial plan did not work. These examples suggest that
participants engaged in robotics activities, applying different strategies to handle
spatial problems which were usually about geometric shapes. Participants actively
practiced how to solve spatial problems, drawing a square, by deconstructing
complex tasks into smaller, more manageable components, recognizing and
correcting mistakes in their initial plans, and working with their peers to exchange

ideas and improve their methods.

4.3 How do 5-year-old pre-school children use spatial vocabulary while interacting
with programmable robot toys over a semester?

The second main research question explores how preschool participants
demonstrated spatial vocabulary through their engagement in both unplugged and
plugged-in robotics activities. Spatial vocabulary is a critical component of spatial
thinking and skills, and includes terms related to direction, shape, size, location,
patterns, and spatial relationships (Cannon et al., 2017). As children interacted with
programmable robots, they increasingly used spatial vocabulary to describe

movement, give instructions, plan paths, and discuss shapes. Across activities,

children frequently employed deictic terms; this, that, here, directional terms; left,
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right, forward, backward, shape words; circle, square, zigzag, and patter words;

first, second, third as shown in Table 12. As the activities progressed, children’s
spatial vocabulary became more specific and sophisticated. The following examples
illustrate the contexts in which spatial vocabulary emerged during unplugged and

plugged-in activities.

4.3.1 Participants use a variety of spatial vocabulary during the robotic tasks

Within the scope of this study, spatial vocabulary of preschool children through their
engagement in robotic activities (see Appendix D) was also observed to address the
research question “Which categories of spatial vocabulary are predominantly used by
preschool children during robotic activities?” Participants exhibited a distinctive
spatial language during the robotic activities. As participants interacted with the
robotic activities, they used a variety of spatial vocabulary identified by Canon et al.
(2017), such as dimensions, shapes, locations/directions, deictic, spatial properties
and spatial patterns in both unplugged and plugged-in activities. In both unplugged
and plugged activities, participants mostly used location/direction, shape, deictic, and
pattern words due to the nature of robotic activities. However, participants use of

such spatial vocabularies increased during the plugged-in activities.
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Table 12. Spatial Vocabulary Categories in the Robotic Activities

Spatial Word Category Spatial Words Frequency
Dimension Most 5
Shape Rectangle 3
Triangle 11
Square 42
Circle 12
Star 9
Zigzag 3
Location/Direction Right 42
Left 17
Backward 4
Forward 6
Back 4
Next 26
Diagonal 21
Under 3
Continuous amount Step