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Abstract: Computational thinking (CT) is increasingly becoming a part of classrooms across 

the K-12 spectrum. While we have a sense of what it looks like for older learners to engage with 

CT, it is less clear what authentic CT practices look like for learners in K-5 classrooms. Part of 

the challenge of identifying CT in earlier grades is learners’ lack of prior experience with 

computing and limited language to describe computational processes and practices. This study 

provides insights into how young learners use gestures as they engage in a set of CT-enhanced 

mathematics activities. This work focuses on a fourth-grade mathematics activity in which 

learners work to control a spherical robot as it navigates a mathematical maze. Our analysis 

reveals various ways that learners use gesture to complement existing virtual and physical tools 

available for expressing and enacting CT concepts and practices. In doing so, this work suggests 

both methodological and pedagogical opportunities for understanding CT with younger learners 

and advances our understanding of the role of gesture and embodiment as a means of supporting 

young learners’ engagement with CT. 

Introduction 
Computing, and the technologies it enables, is playing a growing role in the lives of today’s learners both 

in schools and beyond. As such, the skills, concepts, and practices associated with using computational tools to 

help solve problems, collectively captured under the term “Computational Thinking” (CT), are becoming 

increasingly important for all students to develop (Grover & Pea, 2013; Shute et al., 2017; Wing, 2006). In 

response to the recognition of the growing importance of CT, a growing number of efforts are seeking to bring 

CT into K-12 classrooms (Guzdial, 2008; Lee et al., 2014; Weintrop et al., 2016; Yadav et al., 2014). This 

integration takes a number of forms. One common approach for bringing CT into K-12 classrooms is the 

introduction of programming into curricula, either as stand-alone computer science classes or integrated into other 

disciplines (e.g. Franklin et al., 2020; Lee et al., 2014). A second approach to integrating CT into classrooms 

focuses less on having learners author programs and instead has learners interact with technological tools to help 

deepen disciplinary learning. This can include computational models and simulations, data analysis and 

visualization software, or physical computing kits or robots (Bers et al., 2014; e.g. Brady et al., 2015). A third 

approach to bringing CT into classrooms relies on unplugged activities where learners employ CT concepts and 

practices but do so without direct interaction with a computational device (e.g. Brackmann et al., 2017). Central 

to all three of these CT integration approaches is providing opportunities for learners to enact CT practices and 

communicate with and about CT ideas. In each of these forms of CT integration, what it looks like to engage with 

CT differs. 

In older grades, where learners have more prior computational experiences and a larger vocabulary to 

express computational ideas, identifying authentic use of CT practices can focus on the ways learners express 

their ideas verbally, written, and in the computational artifacts they produce. In earlier grades, where learners have 

little or no prior experience with programming and relatively limited experience with computational devices and 

software tools, it becomes more difficult to identify CT concepts enacted based on verbal explanations, written 

responses, or the artifacts produced during the learning activity. 

Building on work investigating how learners navigate the interconnectedness of STEM learning 

grounded in the embodied, material, social, and cultural contexts in which learning occurs (Jordan & Henderson, 

1995; Kozma, 2003), this work explores the embodied ways that learners move and gesture as a means to express 

and communicate CT concepts. For this work, we ground our conceptualization of CT in the PRADA (pattern 

recognition, abstraction, algorithms, and decomposition) framework (Dong et al., 2019). In attending to learners' 

embodiment of CT ideas and practices, we can see younger learners’ reason about CT concepts and employ CT 

practices as a means to solve problems that would otherwise not be noticed if focusing on only verbal explanations 

or external representation (e.g. authored programs). In doing so, this work shows how an embodied perspective 

can serve as a useful analytic approach for identifying and understanding CT practices in younger learners. At the 

same time, supporting teachers in attending to gesture and action in CT activities can serve as a productive 

pedagogical approach for nurturing seeds of CT as they begin to take shape with younger learners. 
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 To explore how young learners embody CT ideas, this paper presents data from the implementation of a 

fourth-grade CT-enhanced mathematics curriculum based around the Sphero robot (Bih et al., 2020). In particular, 

we present two vignettes of learners working to write short programs to get the Sphero robot to navigate a maze 

composed of prime and composite numbers. Through these vignettes, we show how an embodied lens reveals 

ways learners reason about and employ CT concepts and how they use their bodies as a means to communicate 

CT ideas. Specifically, we show how one learner enacts iterative logic through repeated gestures and how a second 

learner uses her own body as a resource for figuring out how to computationally encode her desired intentions 

into a computational form for her robot to execute. This work contributes to our understanding of the form that 

CT can take in K-5 classrooms and seeks to help equip teachers and researchers to better identify and support 

embodied enactments of CT in their work. 

This paper continues with a discussion of the literature this work draws from before discussing the 

context in which the study took place and the methodological approach used. We then present a pair of vignettes 

showing how an embodied lens can reveal the ways that fourth-grade learners engage with and communicate 

about CT through the use of their bodies. Finally, we discuss the implications of this work, the contribution it 

makes to the literature on embodiment and CT, and share the next steps for this line of inquiry. 

Prior work 

Computational thinking in elementary grade classrooms 
One of the central contributions of Papert’s work was showing that computers can serve as powerful tools to 

support learning and that this context for learning can be effective for younger learners (Papert, 1980, 1993). 

Papert and colleagues’ work on Constructionism laid the groundwork for what is now called Computational 

Thinking (Wing, 2006). CT is a term used to capture the concepts, practices, and skills one uses in order to 

effectively solve problems using computational tools, such as developing algorithms, decomposing problems, and 

debugging solutions (Grover & Pea, 2013; Shute et al., 2017). The last decade has seen a significant amount of 

research on CT including work looking to integrated CT into other disciplines (e.g. Barr & Stephenson, 2011; 

Israel & Lash, 2019; Peel et al., 2019; Sengupta et al., 2013; Settle et al., 2012; Weintrop et al., 2016; Wilensky 

et al., 2014) as well as work seeking to understand how to support younger learners in engaging in CT.  

The idea that the concepts and practices associated with CT can be powerful for learning other disciplines 

has a long history dating back to early work by Papert (1972) on Logo and mathematics and diSessa (1982) and 

physics. In both cases, programming was used as a means to explore disciplinary concepts. A central premise for 

this integration is the potentially mutually supportive nature of CT and disciplinary content: that CT provides a 

way to deepen disciplinary learning while at the same time, disciplinary learning can provide a meaningful context 

to employ CT concepts and practices (Bih et al., 2020; Sengupta et al., 2013; Weintrop et al., 2016). 

As part of exploring the potential of CT across the curriculum has included investigating what CT might 

look like with younger learners. Two common approaches for bringing CT into K-5 classrooms are unplugged 

activities and the use of robotics toolkits. Unplugged activities allow learners to explore and enact CT concepts 

without using a computer, often having the younger learner act out computational processes such as algorithms 

or employ computational ideas such as iteration (Brackmann et al., 2017; Curzon et al., 2014; Jagust et al., 2018). 

Alongside unplugged activities, robots and robotics toolkits have also been used in elementary classrooms to 

introduce younger learners to CT concepts (Angeli & Valanides, 2020; Bers et al., 2014; Chalmers, 2018). 

Embodied cognition 
The second body of literature this work draws on is embodied cognition. Cognitive scientists and learning 

scientists have long explored various aspects of the relationship between thinking and embodiment (Abrahamson 

& Lindgren, 2014; Wilson, 2002). In mathematics learning research, the role of embodied cognition and its utility 

as a lens to understand mathematical learning has been well developed (Nunez et al., 1999; Williams-Pierce et 

al., 2017). In particular, research has identified how gestures can provide mathematical reasoning information not 

contained in the accompanying speech (Pier et al., 2019), and can mediate abstractions and communication gaps 

in cases where language verbalization is a challenge (Nathan et al., 2013; Ng, 2016). Attending to gesture in 

multimodal environments can be particularly productive, as mathematical representations take on a wide variety 

of forms, and threading through those forms becomes a crucial component of the learning environment (Nathan 

et al., 2017). This work has led us to consider the potential of bringing an embodied perspective to research on 

the interactions that occur in technology-enhanced multimodal learning environments (Kirsh, 2013; White & Pea, 

2011). Given the overlap between mathematical and computational thinking (Shute et al., 2017), this body of 

research suggests the generative potential for bringing an embodied lens to understanding CT learning. 
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 Methods and participants 
This work was conducted in a fourth-grade mathematics classroom in an urban school district in the Mid-Atlantic 

region of the United States. The activities reported in this paper are part of a curriculum developed through a 

Research-Practice Partnership (RPP) (Coburn et al., 2013) with the district. The RPP includes education and 

technology researchers working alongside elementary mathematics teachers and district-level computer science 

administrators. To collect this data, we worked closely with a focal fourth-grade teacher, observing her classroom 

as she taught a CT-enhanced lesson plan that asked learners to use the Sphero robot (Figure 1a) to explore 

mathematical concepts. The Sphero is a spherical robot that can be programmed on a tablet or smartphone (Figure 

1b) using either block-based or text-based commands. In the focal activity for this work, learners wrote block-

based programming primarily using the roll command to define the robot’s movement (Figure 1c).  

 

  

 

 

(a) (b) (c) (d) 

Figure 1. (a)The Sphero robot, (b) programming environment, (c) sample Sphero program, and (d) two students 

working on their prime number path program. 

 

The lesson that we focus on for this work is entitled Prime Number Path. As part of this lesson, students 

were asked to design a grid on a large sheet of paper that contained prime and composite numbers interspersed 

and included a “path” from one side to the other composed only of prime numbers (Figure 1d). Students then were 

tasked with programming the Sphero robot to navigate the prime number path. After completing their activities, 

teams exchanged their grids with other teams and then find and program the prime number mazes designed by 

their peers.  

This work took place in a racially diverse (51% White, 17% Latinx, 15% Black, 9% Asian, 8% Mixed 

Race) school where 19% of the students in the school are designated as English Language Learners. The class 

included 21 students working in pairs with one Sphero and one iPad per pair. The lessons we observed were taught 

in the final month of the school year. By that point, students were familiar with the structure of Sphero.Math 

activities and had experience working with the Sphero robots. For data collection, the teacher selected two pairs 

of students to serve as focal groups. These groups were asked to work outside of the classroom to decrease ambient 

noise and ensure non-consenting students were not captured on video. 

Data and analysis approach 
For each focal pair, we set up a stationary tripod to record them working through the activities. Additionally, each 

student wore a head-mounted camera to provide a student-centric perspective of the activity. This resulted in three 

video streams for each pair as they worked through the activities. Students were occasionally asked questions by 

the researchers as they worked to understand their thinking and how they were approaching the assignment. Along 

with the videos collected, at the end of the activity, the researchers asked the students to describe their experiences 

with programming the robot and complete the task. The videos were systematically analyzed for CT and 

mathematics engagement with a particular focus on the ways learners employed embodied practices to 

communicate and engage with CT. Video clip segments of instances where students engaged in embodied 

practices were identified and transcribed using interaction analysis methods (Jordan & Henderson, 1995). 

Findings 
In this section, we present two vignettes of learners showing the ways gesture served as a resource for engaging 

with and expressing CT ideas. In particular, we present a vignette showing how learners used gesture as a means 

of expressing iterative logic and the learners’ use of their bodies as a resource to problem solve how to express 

their intentions with the Sphero.  
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 Gesturing iterative logic 
To make the Sphero move, the students have to enter numerical arguments into the field of the roll block (Figure 

2a) by defining the direction (angle), speed, and duration (in seconds) for the movement. Changing how far the 

Sphero will roll can be done by modifying the speed input, the duration input, or both. Our first vignette focuses 

on how one pair of learners navigated this aspect of controlling the Sphero. 

 

 

 

(a)  (b) 

Figure 2. (a) A Sphero Block program showing direction, speed, and time; (b) the software interface to select 

time speed and direction. 

 

Early in the activity, the focal participants for this analysis tried to agree on which variable to manipulate 

to make their Sphero navigate their prime number maze. Student 1 says: “we need more seconds or speed, like 

speed”, and then Student 2 replies, “no seconds, seconds”. As the students debate on what adjustments to make 

on the time, Student 1 says “do 1 second ‘cause you know that's not gonna get you very far from what the next 

square”. Student 1 then says, “maybe try 1.20”, again, suggesting modifying the duration as a means to change 

the distance traveled. Instead of changing the duration input, student 2 places her thumb at the place the robot 

started and her index finger at the location where the Sphero stopped (Figure 3a) and says “so this is a second”. 

In doing so, she has created a measurement of how far the robot travels in one second. She then holds her hand in 

the fixed position, and moves it from the start location to the square she wants the Sphero to roll to and quietly 

counts to herself “two, three”. In this way, she is using her hand as a unit of measure and maintaining the same 

hand position between each space separating the numbers as a means to calculate how many times the motion 

must be repeated to arrive at the desired square. 

 

  
(a) (b) 

Figure 3. Measuring gestures to represent repeated iterations of the time and distance it will take for the Sphero 

to travel from one number to the next. 

 

In this vignette, we see gesture accomplishing two goals for the student. First, she uses her hand as a 

means for defining how far the robot will travel given a set of inputs. More specifically, she uses her hand as a 

way to translate the virtual command: roll 0° at 80 speed for 1s into a specified distance in the physical 

world and does so in a way that is visible and accessible to her partner. Here, gesture is serving as a cognitive 

scaffold for concretizing a specific movement command while also serving a communicative role between two 

partners working to solve a programming challenge. The second role that gesture is providing to support CT is to 

facilitate the enactment of iterative logic. As a means to inform her algorithm design, she moves her hand, one 

step at a time, to count the number of times the already-defined roll command should be repeated. In computer 

programming, iterative logic is an important programming construct frequently used to develop algorithms for 
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 computers to execute. In using gesture to quantify distance, the learner is acting out the repeating logic, using her 

hand and the physical space to scaffold the construction of her program.  

 This episode shows how this student is embodying her robot’s motion as a means to facilitate developing 

a successful algorithm for her robot navigating the prime number path. Notably, the student never verbalizes this 

repeating logic or vocalizes her thought process. Instead, gesture is serving as both a way to support her reasoning 

and communicate computational behaviors. This communicative role is significant for younger learners who may 

not have the vocabulary to articulate programming concepts or prior experience describing process. Through 

action the learner demonstrates a central CT concept that had not yet been articulated verbally or symbolically, 

suggesting gesture served as the initial pathway into engagement with the concept. 

Embodiment as a CT problem-solving tool 
In the second vignette, we focus on how students work to understand the geometry involved in making the Sphero 

robot navigate the Prime Number Path (Figure 1d) and the ways in which they translate the physical movement 

of the robot into a set of commands to control the robot. To enter an angle into the Sphero programming interface, 

the application presents the user with a 360° protractor with an arrow denoting the selected value (Figure 4a). One 

challenge of programming physical objects from a virtual interface for young learners is the translation of 

direction from the physical world onto the 2-dimensions protractor on the interface. This is especially challenging 

given the orientation of the protractor on the screen is fixed, so when you rotate the tablet, the relationship between 

direction on the tablet and the real-world changes (i.e. it does not update like the compass on a smartphone). In 

order to navigate this translation, the learners in our study mapped the coordinate geometric systems of the tools 

(the angle on the virtual interface and the robot’s physical position) onto themselves and used their bodies to 

ground the meaning of the angles. This kind of sense-making between representations was seen repeatedly as the 

students navigated this activity. Gesturing was a central grounding and communication resource used by the 

learners as they translated the geometric angles from virtual to physical contexts of the Sphero.  

In analyzing the Prime Number Path activity, we can see how embodiment is used by learners to navigate 

representational contexts and make progress towards computationally expressing their intentions. One such 

example was seen as the students tried to input the values to define the directional angle through the protractor 

interface. This episode begins with Student 2 pointing and gazing at the protractor on the iPad (Figure 4a), and 

then bending her right elbow in front of her for a few seconds without saying a word (Figure 4b). After a few 

seconds of maintaining her gaze and elbow in that position, she goes ahead and stretches out her right arm in front 

of her (Figure 4c) and then says “this is, this way for 90!” and Student 1 cuts in saying “so we have to make it go 

…” but Student 2 continues slowly as if in doubt, “this is this way for 90 [maintaining her arm raised in front of 

her and gazing into the software protractor] and we need to make it go... this way”, gradually raising her left arm 

to the same level as her right arm, with now both arms raised and stretched parallel in front of her (Figure 4d). 

She then says “that means it's going to go… So we need to make it 270”. This verbal confirmation of what to do 

next, sheds light on the thought process she was going through in her series of gestures, ultimately helping her 

figure out what values to input into the program to get the Sphero to roll in the desired direction. 

 

 
 

  

(a) (b) (c) (d) 

Figure 4: (a) The Sphero interface for inputting angle and (b-d) a series of sequential images of student 

reasoning through directions and angles to program her Sphero. 

 

As the group continues to work on writing the program to navigate the maze, they return the Sphero to 

the starting square to test out their new directions. Before running the program, Student 2 tests her logic again, 

saying “so zero [with her right palm curved in front of her face (Figure 5a)] so it needs to go this way” and then 
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 curves her left palm to meet up with her right palm at a right angle (Figure 5b), saying “this is 270!”. From 

Student 2’s verbalization and interactions with this environment, we know that she is using both arms to represent 

some of the interactive tools in this environment. Her left hand is representing the robot, while her right hand 

represents the directional angle the robot will have to make. In this instance, the learner is trying to navigate 

between the Sphero moving in the physical world and the need to express commands programmatically in the 

virtual world. To do this, she is grounding both the abstract representation of the angle and the concrete position 

of the robot through an embodied practice which she maps onto her body. In this way, she uses her body to mediate 

the transition from the physical, three-dimensional world to the virtual two-dimensional programming interface. 

As such, her body is serving as a resource to facilitate computational thinking and mediate the act of programming. 

 
 

  

 
(a) (b) 

Figure 5: (a) A student reasoning with her body about how to program her Sphero, using her right hand to 

denote the Sphero’s positions (b) and then having her left hand interact with her right as a means to understand 

what the desired angle should be. 

Discussion and conclusion 
This paper attends to the ways that learners use their bodies to embody computational ideas, which in turn, helps 

them make progress on computational problems. In doing so, this work adds to both the CT and embodied 

cognition literature by showing how embodied resources can be used to express CT concepts while also showing 

how CT can serve as a productive venue for identifying ways learners engage with new computational ideas that 

they may not have the verbal or symbolic language to otherwise express. It is common practice in mathematics to 

embody distances by measuring with parts of our bodies, like our feet or arms, or to use gestures to move across 

different modalities within a single learning context (e.g., Nathan et al., 2017). In the first vignette, the students 

embody distance but are using it to represent time as the Sphero’s distance is defined by speed and time. They 

then repeatedly apply that distance as a means of enacting iteration. In the second vignette, embodiment is used 

as a means of moving between the physical world (i.e. how the Sphero will move), mathematical quantification 

of the space (i.e. identified the desired angle of travel), and expressing that intention in a computationally 

meaningful way (i.e. programming the robot to carry out the desired command). This shows how embodiment 

serves as a resource for learners as they work to solve computational problems. 

This research shows how embodiment is a particularly productive resource for young learners who may 

lack the technical language or representational knowledge to express ideas related to programming and process 

in other ways. This can be seen in how iteration was embodied in the first vignette. This article argues that gestures 

and embodiment support students’ CT and can ground students’ understanding and expression of CT concepts. 

Further, the fact that the Sphero robot executes programs in the physical world provides a natural invitation for 

learners to draw on their embodied resources in trying to make sense of CT concepts and employ CT practices, 

as we saw in the second vignette. In bringing an embodied lens to this work, we begin to see and make sense of 

the hidden patterns of CT happening in ways that would be missed if we focus solely on verbal utterances or 

written artifacts. Throughout the Sphero activities, students were able to interact with the learning environment 

in novel ways that helped deepen their understanding of mathematical and CT concepts. Such embodied practices 

support the argument that integrating CT practices early on for young learners is a valuable addition to problem-

solving skills students need to learn (Wing, 2006; Grover & Pea, 2013).  

One implication of this work is identifying the importance and potential for researchers and teachers 

attending to how students use their bodies as a means to engage with CT. Additionally, it highlights the 

generativity of robots as a pathway into CT for younger learners. While this generativity is certainly not a new 
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 idea (e.g. Papert, 1980), recognizing the same powerful ideas are present with the latest generation of robotics 

toolkits that are being used in classrooms can serve as an important reminder and help connect earlier work on 

the topic to contemporary practices.  

As computational thinking continues to grow in importance, it is important we support all learners, 

especially younger learners, in engaging with the concepts and practices. While older learners will have more 

experience with mathematical and computational representational systems and a larger vocabulary with which to 

articulate their thinking, younger learners find alternative ways to express and engage with CT. In particular, this 

work shows how younger learners draw on embodied resources as a means to productively enact CT practices 

and employ CT concepts. In highlighting the role of embodiment in young learners' CT practices, we shed light 

on one form of early CT so as to help equip researchers and educators to identify and support the CT that is 

happening with younger learners and further support the larger goal of bringing CT to all learners. 

References 
Abrahamson, D., & Lindgren, R. (2014). Embodiment and embodied design. In R. K. Sawyer (Ed.), The 

Cambridge handbook of the learning sciences (2nd Edition) (pp. 358–376). Cambridge University Press. 

Angeli, C., & Valanides, N. (2020). Developing young children’s computational thinking with educational 

robotics: An interaction effect between gender and scaffolding strategy. Computers in Human Behavior, 

105, 105954. https://doi.org/10.1016/j.chb.2019.03.018 

Barr, V., & Stephenson, C. (2011). Bringing computational thinking to K-12: What is Involved and what is the 

role of the computer science education community? ACM Inroads, 2(1), 48–54. 

Bers, M. U., Flannery, L., Kazakoff, E. R., & Sullivan, A. (2014). Computational thinking and tinkering: 

Exploration of an early childhood robotics curriculum. Computers & Education, 72, 145–157. 

Bih, J., Weintrop, D., Walton, M., Elby, A., & Walkoe, J. (2020). Mutually Supportive Mathematics and 

Computational Thinking in a Fourth-Grade Classroom. Proceedings of ICLS 2020, 8. 

Brackmann, C. P., Román-González, M., Robles, G., Moreno-León, J., Casali, A., & Barone, D. (2017). 

Development of Computational Thinking Skills through Unplugged Activities in Primary School. 

Proceedings of the 12th Workshop on Primary and Secondary Computing Education, 65–72. 

https://doi.org/10.1145/3137065.3137069 

Brady, C., Holbert, N., Soylu, F., Novak, M., & Wilensky, U. (2015). Sandboxes for Model-Based Inquiry. 

Journal of Science Education and Technology, 24(2), 265–286. 

Chalmers, C. (2018). Robotics and computational thinking in primary school. International Journal of Child-

Computer Interaction, 17, 93–100. https://doi.org/10.1016/j.ijcci.2018.06.005 

Coburn, C. E., Penuel, W. R., & Geil, K. E. (2013). Research-Practice Partnerships: A Strategy for Leveraging 

Research for Educational Improvement in School Districts. William T. Grant Foundation.  

Curzon, P., McOwan, P. W., Plant, N., & Meagher, L. R. (2014). Introducing teachers to computational thinking 

using unplugged storytelling. Proceedings of the 9th Workshop in Primary and Secondary Computing 

Education on - WiPSCE ’14, 89–92. https://doi.org/10.1145/2670757.2670767 

diSessa, A. A. (1982). Unlearning Aristotelian physics: A study of knowledge-based learning. Cognitive Science, 

6(1), 37–75. 

Dong, Y., Catete, V., Jocius, R., Lytle, N., Barnes, T., Albert, J., Joshi, D., Robinson, R., & Andrews, A. (2019). 

PRADA: A Practical Model for Integrating Computational Thinking in K-12 Education. Proceedings of 

the 50th ACM Technical Symposium on Computer Science Education9, 906–912.  

Franklin, D., Weintrop, D., Palmer, J., Coenraad, M., Cobian, M., Beck, K., Rasmussen, A., Krause, S., White, 

M., Anaya, M., & Crenshaw, Z. (2020). Scratch Encore: The Design and Pilot of a Culturally-Relevant 

Intermediate Scratch Curriculum. Proceedings of the 51st ACM Technical Symposium on Computer 

Science Education, 794–800. https://doi.org/10.1145/3328778.3366912 

Grover, S., & Pea, R. (2013). Computational Thinking in K-12: A Review of the State of the Field. Educational 

Researcher, 42(1), 38–43. 

Guzdial, M. (2008). Paving the way for computational thinking. Commun. ACM, 51(8), 25–27. 

Israel, M., & Lash, T. (2019). From classroom lessons to exploratory learning progressions: Mathematics + 

computational thinking. Interactive Learning Environments, 0(0), 1–21.  

Jagust, T., Krzic, A. S., Gledec, G., Grgic, M., & Bojic, I. (2018). Exploring Different Unplugged Game-like 

Activities for Teaching Computational Thinking. 2018 IEEE Frontiers in Education Conference, 1–5.  

Jordan, B., & Henderson, A. (1995). Interaction analysis: Foundations and practice. The Journal of the Learning 

Sciences, 4(1), 39–103. 

Kirsh, D. (2013). Embodied cognition and the magical future of interaction design. ACM Transactions on 

Computer-Human Interaction (TOCHI), 20(1), 1–30. 

ICLS 2021 Proceedings 177 © ISLS



 

 Kozma, R. (2003). The material features of multiple representations and their cognitive and social affordances for 

science understanding. Learning and Instruction, 13(2), 205–226. 

Lee, I., Martin, F., & Apone, K. (2014). Integrating computational thinking across the K–8 curriculum. ACM 

Inroads, 5(4), 64–71. 

Nathan, M. J., Srisurichan, R., Walkington, C., Wolfgram, M., Williams, C., & Alibali, M. W. (2013). Building 

Cohesion Across Representations: A Mechanism for STEM Integration: Cohesion Across 

Representations. Journal of Engineering Education, 102(1), 77–116. https://doi.org/10.1002/jee.20000 

Nathan, M. J., Wolfgram, M., Srisurichan, R., Walkington, C., & Alibali, M. W. (2017). Threading mathematics 

through symbols, sketches, software, silicon, and wood: Teachers produce and maintain cohesion to 

support STEM integration. The Journal of Educational Research, 110(3), 272–293. 

Ng, O.-L. (2016). The interplay between language, gestures, dragging and diagrams in bilingual learners’ 

mathematical communications. Educational Studies in Mathematics, 91(3), 307–326. 

Nunez, R. E., Edwards, L. D., & Filipe Matos, J. (1999). Embodied cognition as grounding for situatedness and 

context in mathematics education. Educational Studies in Mathematics, 39(1), 45–65. 

Papert, S. (1972). Teaching Children to be Mathematicians Versus Teaching About Mathematics. International 

Journal of Mathematical Education in Science and Technology, 3(3), 249–262. 

Papert, S. (1980). Mindstorms: Children, computers, and powerful ideas. Basic books. 

Papert, S. (1993). The children’s machine: Rethinking school in the age of the computer. Basic Books. 

Peel, A., Sadler, T. D., & Friedrichsen, P. (2019). Learning natural selection through computational thinking: 

Unplugged design of algorithmic explanations. Journal of Research in Science Teaching, 56(7), 983–

1007. https://doi.org/10.1002/tea.21545 

Pier, E. L., Walkington, C., Clinton, V., Boncoddo, R., Williams-Pierce, C., Alibali, M. W., & Nathan, M. J. 

(2019). Embodied truths: How dynamic gestures and speech contribute to mathematical proof practices. 

Contemporary Educational Psychology, 58, 44–57. 

Sengupta, P., Kinnebrew, J. S., Basu, S., Biswas, G., & Clark, D. (2013). Integrating computational thinking with 

K-12 science education using agent-based computation: A theoretical framework. Education and 

Information Technologies, 18(2), 351–380. 

Settle, A., Franke, B., Hansen, R., Spaltro, F., Jurisson, C., Rennert-May, C., & Wildeman, B. (2012). Infusing 

computational thinking into the middle- and high-school curriculum. Proceedings of the 17th ACM 

Annual Conference on Innovation and Technology in Computer Science Education, 22–27.  

Shute, V. J., Sun, C., & Asbell-Clarke, J. (2017). Demystifying computational thinking. Educational Research 

Review, 22, 142–158. https://doi.org/10.1016/j.edurev.2017.09.003 

Weintrop, D., Beheshti, E., Horn, M., Orton, K., Jona, K., Trouille, L., & Wilensky, U. (2016). Defining 

Computational Thinking for Mathematics and Science Classrooms. Journal of Science Education and 

Technology, 25(1), 127–147. https://doi.org/10.1007/s10956-015-9581-5 

White, T., & Pea, R. (2011). Distributed by design: On the promises and pitfalls of collaborative learning with 

multiple representations. Journal of the Learning Sciences, 20(3), 489–547. 

Wilensky, U., Brady, C. E., & Horn, M. S. (2014). Fostering Computational Literacy in Science Classrooms. 

Commun. ACM, 57(8), 24–28. https://doi.org/10.1145/2633031 

Williams-Pierce, C. C., Pier, E. L., Walkington, C., Boncoddo, R., Clinton, V., Alibali, M. W., & Nathan, M. J. 

(2017). What we say and how we do: Action, gesture, and language in proving. Journal for Research in 

Mathematics Education, 48(3), 248–260. 

Wilson, M. (2002). Six views of embodied cognition. Psychonomic Bulletin & Review, 9(4), 625–636.  

Wing, J. M. (2006). Computational thinking. Communications of the ACM, 49(3), 33–35. 

Yadav, A., Mayfield, C., Zhou, N., Hambrusch, S., & Korb, J. T. (2014). Computational thinking in elementary 

and secondary teacher education. ACM Transactions on Computing Education (TOCE), 14(1), 5. 

Acknowledgments 
This work is supported by the Spencer Foundation (#201900099). However, any opinions, findings, conclusions, 

and/or recommendations are those of the investigators and do not necessarily reflect the views of the Foundation. 

 

ICLS 2021 Proceedings 178 © ISLS


	1. ICLS Cover 2021
	2. ICLS 2021 Front matter
	Senior Reviewers
	Reviewers
	Acknowledgments

	5. Binded LS Long
	041.
	Introduction
	Learning with additional external support
	Prior knowledge and its effect on visual attention
	Eye-tracking to understand visual attention in learning
	Research questions

	Method
	Procedure
	Measures

	Results
	RQ1: Differences in visual cue utilization
	RQ2: Differences in attention allocation on cued parts
	RQ3: Differences in gaze pattern

	General discussion
	Limitations
	Conclusion and implications
	References

	325.
	Introduction
	Prior work
	Computational thinking in elementary grade classrooms
	Embodied cognition

	Methods and participants
	Data and analysis approach

	Findings
	Gesturing iterative logic
	Embodiment as a CT problem-solving tool

	Discussion and conclusion
	References
	Acknowledgments

	11. Binded LS Posters
	044.



