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Abstract: In this study, we investigated the emergence of representational fluency in fourth-

grade students as they engaged in a robot-mediated task designed to integrate computational 

thinking (CT) and mathematics. We observed two pairs of students who were engaged in 

programming a Sphero robot to navigate a maze during a mathematics lesson. We found that 

the students used language and embodied gestures as forms of representational fluency to 

mediate the mathematics and CT present in the activity. 

 

Introduction 
Representational fluency is crucial to STEM education because learners rely on multiple representations to 

translate across concepts in problem solving environments. Representations can serve as useful tools to support 

young learners scaffold abstract concepts as they navigate virtual and physical environments (Brown, Collins, & 

Duguid, 1989). Technology enhanced computational thinking (CT) environments typically involve software and 

user interfaces that can empower users to be more innovative in their problem-solving strategies (Resnick et al., 

2005).  

In this study, we investigate different forms of representational fluency students engaged in as a strategy 

to program a Sphero robot to navigate a prime number maze (figure 1). Furthermore, we inquired about specific 

symbolic features, arrangements and relationships within and across the learning environment and how the design 

of the environment gave room for multiple forms of representations to emerge.  

  
(a)                                                                (b) 

Figure 1. The prime number activity board (a) the Sphero robot (b) 

 

Theoretical orientation and methodological approach 
We review research on representational fluency, and other theoretical perspectives that draw on a situative 

approach to learning (Brown, Collins, & Duguid, 1989). The situative approach foregrounds learning and 

understanding in terms of the inquiry of interactions made between people and the material, symbolic and 

technological resources of the environment. This theory, alongside frameworks on representational fluency 

(Alibali & Nathan, 2012; Korzma 2003) guides our understanding of how young learners navigate representations 

in a CT enhanced learning environment. Our study investigates how younger learners can engage in different 

modalities of representations such as speech, gesture and writing to support their cognitive strategies in a Sphero 

robot and prime number maze problem solving activity. 

Two pairs of students were selected from one of the public schools involved in a District of Columbia 

Public Schools (DCPS) Research Practice Partnership (RPP), focused on integrating CT in elementary math 

classrooms. Three cameras per group were used to capture the students’ actions. In addition, both students in each 

group wore head-mounted cameras. We use a case study approach in order to provide detailed understanding of 

how students engage with Sphero robots to problem solve in a math classroom. For example; program the Sphero 
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 robot to navigate a prime number maze. We watched the clips as a team and discussed our observations to come 

to a consensus whether our claims had enough evidence from the videos. We clipped video instances where 

students engaged in representational fluency practices, and transcribed for analysis. The transcript was analyzed 

for representational fluency evidence through a holistic coding process where two team members memoed 

observations on an excel spreadsheet, highlighting evidence of representational fluency.  

 

Findings 
Analysis identified instances during which the participants either engaged in representations through gesturing, 

used metaphors or described their programming strategies to ground their understanding of concepts or as ways 

to actively build cohesion across representations. We noticed that the students had to align all the cues provided 

by the environment, each with a different representation, in order to make the robot navigate the maze. Such 

translations between concrete and abstract concepts, and virtual and physical interactions, required fluency across 

these representations in which each context could be equal in meaning but represented differently. In some 

instances, students used speech and gesture representations to map out the prime number maze. Deictic (pointing) 

gestures were heavily used to distinguish what counted as prime numbers and figuratively tracing out the maze at 

the same time. 

Computational thinking enhanced environments can be generative environments for students to develop 

representational fluency in order to navigate complex multimodal physical and virtual environments. The current 

study observed representational fluency can be a useful strategy for problem solving. It is possible that our data 

could highlight more representations within the virtual programming space if we had access to the programs the 

students wrote on their iPad using the Sphero application. Although the current study is part of a larger project 

involving the introduction of CT in fourth grade classrooms, we aspire to demonstrate sufficient evidence about 

the physical, virtual and embodied representations. Such evidence aligns with the situative approach to learning 

and understanding in terms of the inquiry of interactions made between people and the material, symbolic and 

technological resources of the environment as posited by (Brown, Collins, & Duguid, 1989). We therefore 

consider these strategies to be useful for educators and curriculum designers who wish to integrate CT activities 

into their lessons, to think about the scaffolds that will allow for representational fluency to emerge and support 

translations across concepts, representations, and even disciplines (Nathan et al., 2017). 
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