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Abstract: We present a study for first grade students engaging in Science through Technology 

Enhanced Play (STEP) – a mixed reality embodied learning environment which tracks student 

movements as they act as honeybees collecting nectar. We attend to how students take up first 

and third-person perspectives as they work to communicate the location of flowers to their peers 

through the design of a “waggle dance” and collaboratively make sense of agent behavior in 

complex systems through embodied modeling. We discuss patterns in students’ perspective-

taking and its intersection with iterative modeling practices and report on how facilitating these 

shifts allows students to be positioned as the designers and subjects of their own models while 

fostering the synthesis of abstract and concrete ideas. 
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Introduction 
Developing scientific models is a core practice in K-12 science education. In previous research, we’ve explored 

how embodied play can serve as a tool to help young children develop these scientific models (Tu et al., 2019). 

However, we often see gaps and obstacles in how students conceptualize elements of their models across 

perspectives and contexts. For instance, we notice that students often struggle to make associations between their 

movements and the abstract concepts they are representing upon embodying their dances. Therefore, in this 

research, we use two episodes to illustrate the ways in which students embrace first and third-person perspectives 

within their modeling and sense-making to answer the following three research questions: 

1. What does the taking up of first and third-person perspectives accomplish for students?  

2. What leads students to shift between perspectives?  

3. How does perspective-taking foster students’ engagement in modeling practices?  

Theoretical framework 
We build on sociocultural theories of learning, which note the importance of social and interactional contexts for 

shaping and defining learning (Danish & Gresalfi, 2018). Researchers have noted that the ways individuals 

position themselves or are positioned within social contexts can influence how they interact, how they perceive 

the world around them, and what they take out of the social situation (Goodwin, 2017). In our work, we also build 

on theories of embodied cognition, which note the important role of the body in learning. A 

sociocultural approach to embodied cognition combines these two strands, noting how physical movement can 

simultaneously support cognition and perception, while also drawing upon and helping to reify the social context 

in which it occurs (Danish et al., 2020). In the present study, we are interested in how students’ draw on these 

shifting embodied social perspectives while creating scientific models, to better understand how embodiment may 

support modeling in unique ways.  

The present study builds on our prior work on the Science through Technology Enhanced Play (STEP) 

project (Danish et al., 2020). In STEP, students collaboratively develop an embodied model of a phenomena; in 

this case, student are modeling how bees communicate the location of flowers with nectar to other bees in the hive 

using a “waggle dance” as they collect nectar. Students act out how they believe bees will behave as the STEP 

software environment tracks their movement using computer vision. Their movement is used as input for the 

computer simulation and students see a honeybee avatar on a shared screen which moves virtually as they move 

physically. 

As students embody the bees, they are engaging in the process of creating and refining models of how 

honeybees collect nectar. While modeling is an underutilized practice in elementary education contexts, research 

has demonstrated that such practices have merit for young learners’ science education (Louca & Zacharia, 2015). 

We use Fretz et al.’s (2002) modeling practices taxonomy to conceptualize modeling as an iterative process of 

planning, searching, synthesizing, analyzing, explaining, and evaluating. These classifications, alongside 

understandings of modeling and play that define each as rule-based activities and position play as means to 
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 introduce scientific modeling to young learners (Tu et al., 2019), offer a theoretical grounding for understanding 

how students collectively negotiate meanings in practice and understand the underlying phenomena. 

In the context of an embodied model using STEP, students coordinate their motion as part of the 

modeling process, shifting between roles as they move from a first-person perspective of embodying a bee, to a 

third-person perspective of describing how bees behave. We know that first and third-person perspectives utilize 

the body in distinct ways (Stec, 2012); however, it is less clear how moving between these viewpoints be 

conducive for model development and revision, particularly in a fully embodied context such as STEP. The 

present analysis aims to build on this prior literature by examining how students develop and shift between these 

two viewpoints while creating embodied models, and how this process supports their engagement with the 

underlying phenomenon being studied.  

Methods 

Participants 
Twenty-three first grade students from a Mid-western classroom in the United States participated in an eight-

session activity to learn about honeybee nectar collection from a systems perspective. Each 

session consisted of a 30-minute STEP activity where students explored how honeybees collect nectar by 

embodying the role of honeybees within the STEP environment. While students physically moved around the 

classroom, the STEP system tracked their motion as input into a computer simulation that was projected at the 

front of the room. Thus, as a student moved to the front of the room, they might see their bee avatar moving away 

from the hive and towards a flower, helping them explore how bees collect nectar from the flowers. All classroom 

activities with the simulation projected on the screen were videotaped for further video analysis.    

Analysis 
In this study, we attended to how shifting between first and third-person perspectives foster students' science 

modeling practices in the STEP environment (Danish et al., 2020). We applied Mediated Discourse Analysis 

(MDA, Scollon, 2001) to identify students’ perspectives in video data, and to construct explanations 

for how these perspectives supported their modeling practices. Our team co-watched videos of students 

using the STEP environment while iteratively constructing and refining our account of how varying perspectives 

were present and what they accomplished for students. We then worked to identify key characteristics of first and 

third-person perspective–taking within the dataset.  

While taking up a third-person perspective, students 1) used iconic gestures to communicate ideas to 

their peers, 2) oriented their attention towards facilitators, and 3) made small modifications to the design through 

a back-and-forth with facilitators or peers. This often takes the form of a cyclical questioning and revision of 

designs by facilitators and students. Moments of first-person perspective taking manifested as students’ 1) full-

embodiment of the target agents (in this case, bees), 2) attending towards one’s own movements as represented 

on the projection, and 3) immediate modifications of designs triggered by real-time failure. Using these markers, 

we revisited these episodes to determine if and how these perspectives supported distinct modeling practices. We 

coded each group participating in the waggle dance activity using Fretz et al.’s (2002) modeling practices coding 

scheme in addition to isolating moments of first and third-person perspective taking using the criteria 

above. We present two episodes to illustrate how students shift between perspectives in response to the needs of 

the moment.  

Findings 

Question 1: What does perspective-taking accomplish for students? 
Students engaged in collective, iterative design and refinement of their models. They typically started an episode 

with a question such as: “how do bees communicate to each other about nectar quality so that they know to 

visit the best flowers?” and then iterate between discussing and testing their theories. 

The planning phase of the activity involves students adopting third-person perspectives as they propose 

an initial design that is challenged as facilitators and peers introduce new pieces of information. We see the 

collection and merging of new and old information into a single design as students define and articulate the core 

requirements and constraints. For example, when trying to understand how bees might indicate nectar quality in 

their "waggle dance," Abigail and her peers planned a dance that would include walking in a circle. The plan 

included discussion with peers, references to prior knowledge and naïve understandings, and the interweaving of 

novel design considerations by facilitators 
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 Students adopted a third-person perspective while discussing how bees might behave in the 

model, allowing for valuable back-and-forth between students and facilitators. When ready to embody and 

demonstrate their ideas publicly, students shifted into a first-person perspective.  This 

exploration allowed students to test and evaluate the efficacy of their dances while being exposed to new 

challenges to their design. For example, when Abigail embodied her proposed dance by walking in a large 

circle, and a constraint of her design became apparent to the group: the inability to use the full classroom space 

while one’s bee must remain stationed in the simulated hive. This realization allowed for the final iteration of the 

dance: the replacement of the large circles with spinning in place. This design satisfied all the requirements of the 

waggle dance and the concerns raised by observers. 

Question 2: What leads to students shifting between perspectives?  
Students routinely adopted third-person perspectives early in the lesson as they planned their dances. Further 

analysis illustrated that students’ shifts to first-person perspectives were prompted by circumstances in which 

teaching, clarification, testing, and/or evaluation of the design was needed. Earlier in Abigail’s episode, the 

discovery that her design cannot be sufficiently conveyed through iconic gesture alone prompts a shift into a fully 

embodied first-person perspective. Abigail’s design becomes a public representation of her naïve assumptions 

around the waggle dance and opportunities for iterative feedback. 

Students frequently shift back to a third-person perspective when they acknowledge the need to debug 

and revise their designs based on newly realized constraints, requirements, or shortcomings of the original 

design. In a separate episode, Camille – a dancing student – attempted to communicate the location of the target 

flower to an observing student – Josie. Camille’s first demonstration resulted in a failed attempt by Josie to locate 

the flower, prompting a revision of the dance to account for this miscalculation. Josie returned to ‘the hive’ and 

shifted into a third-person perspective to narrate and represent Camille’s second performance via gestures. This 

second attempt was successful. 

Question 3: How does perspective-taking foster students’ modeling practices?  
To understand students’ perspective-taking within the context of scientific modeling, we coded episodes 

using Fretz et al.’s (2002) modeling practices coding scheme which decomposes modeling processes into 

planning, searching (for information), synthesizing, analyzing, explaining, and evaluating practices. As 

illustrated in Table 1, we see patterns in which modeling practices were present and were leveraged. Earlier in 

Abigail’s episode, she drew upon naïve understandings of bee anatomy to develop an initial draft of the dance, 

defended her design to critical observers, but eventually conceding and produced a second iteration of her plan 

based on newly gathered information. This episode is representative of a larger pattern of perspective-taking 

intersecting with student engagement in scientific modeling practices; we see third-person perspectives 

promoting planning, searching, and evaluating within iterative model design. 

Camille and Josie’s episode exemplifies how the first-person perspective can be leveraged to instigate 

other scientific modeling practices – namely analysis and evaluation. Camille’s first version of the 

dance was only revealed to be inadequate and in need of revision when Josie fails to locate the flower while 

embodying in a first-person perspective. This prompts Camille to reassess their dance and revise based on 

inconsistencies between her and Josie’s interpretations of her instructions.   

 

Table 1: summarizing affordances of perspective-taking & shifting for scientific modeling practices  

  

 First-Person Third-Person Cycling Between Both 

What does this 

perspective afford 

students? 

Testing & Evaluation 
 

 revealing new design 

requirements & constraints 

 making naïve 

understandings visible 

through direct action 

Explanation & Revision 
 

 defining 

requirements & 

constraints 

 allowing for critical 

reflection and 

iteration 

Synthesization 
 

 bridges abstract and 

 concrete concepts to 

develop a single design 

What produces 

shifts to this 

perspective? 

 

Opportunities 

to embody, demonstrate,  

teach, test, and clarify 

 

 

Opportunities to design, 

debug, and revise 
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  First-Person Third-Person Cycling Between Both 

What modeling 

practices are 

fostered? 

Analyzing 

Evaluating 

Planning 

Explaining 

Searching 

Synthesizing 

 

In these episodes, we see students engage in two sets of practices that both utilize and are prompted by 

the adoption of first and third-person perspectives during embodied modeling activities (see Table 1). The 

generation of ideas, the explanation and justification of those ideas, and the gathering of new information 

is made possible by students embracing third-person perspectives while first-person perspectives mediate 

the analysis and evaluation of those ideas. Furthermore, it is when these two perspectives are cyclically leveraged 

together that Fretz et al.’s (2002) sixth modeling practice, synthesization, is present. During this synthesis, 

students’ theoretical solutions can merge with practical findings hereby bridging the abstract with 

the concrete. We argue that the sense-making embedded in this synthesization both produce and is produced by 

students’ shifts between perspectives. 

Discussion 
The use of modeling practices through the lens of perspective-taking is understudied. We provide this analysis as 

support for the leveraging of third-person perspective during model generation and first-person perspectives 

during evaluation. Furthermore, by facilitating shifts between perspectives we might offer students opportunities 

to take on the role of designer as they draw upon observer critiques during iteration and position them as 

the agents within their own simulated and experimental models. The abstract and hypothetical that is negotiated 

amongst students during third-person generative phases of design is made concrete through direct action and 

immediate feedback during the first-person moments of evaluation while the frequent transitions between the two 

perspectives foster a synthesis of ideas and practices. Students socially negotiate understandings of agent behavior 

within complex systems, author models of these understandings, and experientially evaluate them firsthand. 
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