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Abstract: Multiple representations of a phenomenon can support science learning. Legitimizing 

diverse representational resources can also create more equitable learning environments. In this 

paper, we present cases from a year-long professional development with in-service elementary 

teachers designed to support science teaching with representations, and we closely analyze how 

two teachers prioritized making space for students’ diverse ideas and practices as a foundation 

for these understandings. Through this work, we identified practices and purposes for 

connecting representations and illustrated how teachers addressed tensions between 

accountability to standards and creating space for students’ resources.  

Objectives and significance 
Leveraging multiple representations (e.g., language, gesture, drawing) can support science learning by deepening 

students’ conceptual understanding and disciplinary engagement (Lehrer & Schauble, 2015). Cycles of 

experimentation and discussion can help learners build explanations of phenomena as they re-represent 

phenomena in new ways (Danish, 2014). Moreover, working with multiple representations shapes inquiry 

(Gouvea & Passmore, 2017), because different representations foreground different concepts and practcies. 

Legitimizing diverse resources (e.g., languages other than English, non-linguistic representations) can also create 

more equitable learning environments for students from non-dominant backgrounds, including students classified 

as “English learners (ELs),” because expanding the range of resources considered “appropriate” for science 

learning allows students to access their full representational repertoires for sensemaking (García & Li, 2014).  

To support students’ work with representations, researchers have explored teachers’ perceptions (e.g., 

Reiser et al., 2017) and use (Thompson et al., 2019) of representations. Teaching with representations can be 

challenging, because it requires teachers to unpack features of representations (Eilam & Gilbert, 2014) and 

establish and refine relationships between representations (Schwarz et al., 2012). Moreover, teachers often 

experience tensions between accountability to science standards (e.g., NGSS Lead States, 2013) and creating 

learning environments that are meaningful for students (Manz & Suárez, 2018). These tensions arise from time 

constraints and concerns about reinforcing “misconceptions,” and they can be homogenizing forces that lead 

teachers to emphasize canonical ideas, suppressing diversity in students’ ideas as legitimate resources for 

sensemaking (Guy-Gaytán et al., 2019). In this paper, we present cases from professional development (PD) with 

in-service teachers designed to support teaching with representations. Rather than distinguishing between types 

of representations, our focus is on how teachers leveraged multiple representations in service of science learning.  

Methods 
We analyze data from a PD that was designed and facilitated by the authors and members of a larger research 

team. Rather than evaluating specific features of the design, we analyze data as a collection of cases (Yin, 2014) 

to consider how teachers used representations to support learning, and, in some cases, create more equitable 

opportunities for learning. Nine in-service elementary teachers from a metropolitan public school district in the 

southeastern US participated in the PD during the 2019-20 school year. After a five-day summer workshop 

teachers participated in four after-school PD sessions during the academic year. In these sessions, teachers 

engaged in student work analysis (Little et al., 2003) during gallery walks and discussed video of their classrooms 

during video clubs (Sherin & Han, 2004). In this paper, we analyze video recordings of PD, classroom 

observations, and interviews with teachers. Our analysis considers each teacher’s practices as an exploratory case 

of how teachers used multiple representations. From teachers’ discourse, we developed codes for their purposes 

and practices for using multiple representations. Then, we looked for trends in our codes across cases, as well as 

examples of unique practices.  
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 Findings 
In the full study, we look across all nine elementary teachers’ practices and purposes for connecting 

representations. Here, we focus on two of the third-grade teachers (Jack and Sarah), because they prioritized 

students’ diverse ideas and practices as a foundation for building shared, canonical science understandings.  

Jack: Amplifying fit between experiment and phenomenon with questioning  
In a unit about magnets, Jack invited students to explore their unique ideas about a phenomenon by designing an 

experiment to model the phenomenon. Jack connected students’ ideas to canonical understandings with 

questioning and modeling; he encouraged students to share their ideas as they worked on their experiments, and 

he used questioning to press students to more closely map their ideas and experiments to the phenomenon. In PD 

sessions and in interviews, he explained that as students worked to revise their experiments, they also revised their 

ideas about the phenomenon and about magnets, supporting canonical understandings aligned with standards.  

Jack’s unit was anchored with a phenomenon from a news video: a reporter showed that a car parked at 

the bottom of “Magnetic Hill” would roll backward uphill when in neutral. In fact, the car rolling “uphill” was an 

optical illusion. Though the phenomenon is not caused by magnets, Jack explained that investigating these claims 

allowed students to explore concepts like magnetic fields, attraction, and repulsion. Jack used several tools to 

track students’ theories. Collectively with students, Jack created and revised a list of theories about the 

phenomenon on a shared model of their evolving thoughts posted on a board visible to students. Individually, 

students tracked their theories in science journals. Combining the list with the journals was one way that Jack 

created space for students to explore unique ideas while building a shared understanding. 

In the lesson we observed, Jack created space for students’ ideas and practices by inviting students to 

design experiments. Jack opened the activity by reminding students students of the five theories the class had 

suggested about why the car rolled uphill. Jack prompted students with, “which [theory] is most true to you, and 

which do you want to prove today?” Although they tested different ideas, students used the same experiment 

design template, a graphic organizer for attending to science practices. In class discussions and one-on-one, Jack 

repeatedly asked students about parts of the template: “what do [the materials] represent?” and “how does that 

help you prove your theory?” This questioning helped students develop and make progress on individual 

experiments and build a shared understanding of a disciplinary practice – experimental design. Throughout the 

lesson, Jack used questioning to press students to consider fit between their experiments and the phenomenon. 

When one student shared his progress (by moving a horseshoe magnet above his car, he could move his car uphill), 

Jack asked, “the magnet you’re holding is what?” The student replied, “asteroid.” Jack said, “but the asteroid is 

under the road,” challenging the student to more closely model his idea by placing the horseshoe magnet below 

the ramp rather than above the car. Not all of the students were testing the same theory; still, this feedback could 

be generalized to their experiments as they considered how their model mapped to their idea and the phenomenon. 

Later, students connected the experiments to their ongoing work by annotating their journals with their 

results. In his post-observation interview and in PD, Jack explained that he brought these representations together 

because they helped students build understanding from a foundation of personally meaningful ideas and practices. 

He said the experiment “really challenged their thinking to change their opinion.” He explained, “They really had 

to think, what am I going to do with this stuff? How am I going to use it to prove the phenomenon?…it’s really 

connecting for them about how the magnets are used, of them being able to use the magnets now, not just see 

them in action but feel them.” Jack saw these experiences as crucial – each student needed to explore ideas 

individually to revise ideas and contribute to the classroom’s shared understanding of magnets. In addition, Jack 

emphasized having students use journals to bring together representations, including the experiment, to track their 

thinking. Tracking theories helped students “compare and contrast their thinking… to define the holes in their 

thinking.” Thus, Jack used multiple representations to invite students to explore their unique ideas by designing 

and carrying out experiments and to help students build a shared understanding of magnets. As a bridge between 

students’ ideas and canonical understandings, Jack used questioning to help students critically examine their 

models and to map their ideas to the phenomenon, simultaneously making sense about magnets more broadly. 

Sarah: Amplifying students’ representations 
Like Jack, Sarah invited and valued students’ diverse ideas. However, rather than using questioning and modeling 

to press students toward canonical ideas, Sarah elicited students’ representations, and she selected representations 

that aligned with canonical ideas to share with the class. In this way, she used students’ unique experiences and 

ideas as a bridge to standards. In a unit about pollination and the structure-function relationship between bees and 

flowers, Sarah used multiple representations to support students’ understanding. To connect activities in the 

lesson, Sarah used phrases and embodiments (full-body movements that enacted parts of the phenomenon). 

During the lesson, most sensemaking was done through talk, although students also had opportunities to write 
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 (making predictions) and participate in an experiment. At the end of the lesson, students completed exit tickets 

that connected multiple lessons by asking the same questions daily, allowing students and Sarah to trace how the 

students’ ideas about pollination changed as they interacted with representations. 

In this lesson, Sarah supported canonical science learning by leveraging students’ ideas and 

representations, focusing on students’ language. For example, Sarah used a phrase from one student’s exit ticket 

to guide sensemaking. She opened the lesson by reminding students of their anchoring phenomenon. She then 

projected the exit ticket on the board and encouraged students to discuss what they saw, focusing students on the 

drawing that depicted and labeled a bee’s “hair” as a “scratchy sweater.”  Sarah asked students what a scratchy 

sweater feels like, and they decided it doesn’t feel good (“hairy” or “pokey”). When Sarah asked what students 

thought “scratchy sweater” was about, they said it might describe how the bee picks up pollen. Sarah later 

performed a “scratchy sweater” embodiment (shrugged her shoulders in discomfort). This combination of a phrase 

and embodiment offered students resources for sensemaking about pollination grounded in their experiences. 

Sarah continued to use phrase-embodiment pairs in students’ work with other representations (video, experiment) 

and throughout the lesson. For example, as Sarah and the students were making sense of how bees get pollen on 

their bodies, students suggested that “because the bee tries to go down” to the center of the flower it “bumps into 

the [pollen duster]” and “rubs against it.” Sarah encouraged students to embody the bee “buzz buzzing” and used 

a student’s language (“rubbing against it”) to embody the bee “rubbing against” the pollen duster. In this way, 

Sarah used students’ language as a starting point to engage in imaginative embodiment as the class tried to make 

sense of the bee’s role in pollination. Throughout, she was drawing on language students were using to create a 

shared repertoire of embodiments and phrases guiding their collaborative sensemaking as a classroom. 

In PD and interviews, Sarah explained that she designed this lesson to capitalize on students’ shared 

histories and to build new histories of sensemaking. Sarah said representations should “build on each other, elicit 

things from kiddos” to pull out “science concepts along the way” and to “give really good opportunities for kids… 

to show what they’re thinking.” She described how the exit ticket and students’ prior experiences with scratchy 

sweaters laid groundwork for sensemaking during the experiment and shifted authority from herself to the students 

for identifying and naming ideas; student-generated representations allowed students to “teach the class” so 

students could “learn through [each other] versus me telling them.” Her emphasis was not on assessment, but the 

process of sensemaking: students making connections to science ideas “along the way” and discussing their 

thinking. Thus, Sarah used representations as a way to elicit students’ ideas as resources, offer students 

opportunities to learn from each other (rather than positioning the teacher as the sole authority in science), and to 

connect students’ lived experiences to natural phenomena as a way to build explanations. 

Discussion, conclusions, and implications 
Both Jack and Sarah’s cases show potential for creating more equitable opportunities for science learning. In 

Jack’s case, third graders were given the option to use multimodal resources when designing their experiments, 

an approach that has been shown to support learning for multilingual students in particular (Williams, 2020). In 

addition, Jack encouraged students to explore their unique ideas in their experiments. This approach could 

communicate to students that each of their ideas was a valuable starting point for sensemaking. Jack hoped that 

this lesson would build students’ confidence in themselves “as scientists,” because they controlled the design and 

interpretation of their experiment (Haverly et al., 2020). Rather than reinforcing “misconceptions,” playing out 

their initial ideas in the context of Jack’s questions enabled students to bridge from their initial ideas to canonical 

understandings. However, Jack also identified challenges associated with this approach. He acknowledged that 

this process took a lot of time, because each student needed to individually test their ideas multiple times. It is 

possible that in such a student-driven context, some students might have more opportunities to test their ideas 

(and receive feedback from Jack) than others, and some students could be overlooked by their teacher. Questioning 

about their individual experiments could also be intimidating for students, who might be reluctant to share 

“incorrect” ideas. While we did not observe these issues in Jack’s classroom, we recognize that with this approach 

it would be important to attend to who is participating and how they are participating (McKenney, 2018). 

In Sarah’s case, third graders also had the opportunity to use multimodal representations to express 

unique ideas (specifically, drawing and writing on their exit ticket). However, students’ responses were slightly 

more constrained, because they needed to produce a more formalized response on paper (rather than through talk 

and “hands-on tinkering,” as in Jack’s lesson). Because students turned in this assignment at the end of class, they 

might also have felt more pressure to use “academic” (formal English) language (Flores & Rosa, 2015). These 

restrictions could suppress ideas if students are not confident in expressing their ideas in this way. In addition, 

because Sarah selected certain students’ phrases or drawings to amplify for the class, it is possible that some 

students might have felt that their work was not as valuable as their peers’ because their work was not shared. At 

the same time, Sarah’s approach offers a more efficient way to address the tension between accountability to 
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 standards and students’ ideas and practices. In Sarah’s classroom, students had the opportunity to express their 

ideas, and Sarah used these ideas as a foundation for shared sensemaking. Sarah explicitly drew upon ideas that 

she thought were likely to be familiar to students, providing opportunities for students to see their experiences as 

relevant to science. Because Sarah selected specific ideas to share (rather than working from all students’ ideas), 

she could more quickly move from students’ ideas to canonical ideas. Moreover, by creating shared embodiments 

and phrases to discuss with the whole class, it was likely easier for Sarah to check on students’ engagement and 

understanding. Thus, these shared representations might have made it easier for Sarah to monitor and respond to 

students’ thinking and to build on their experiences as resources for science learning. 

We presented these two cases because each offers an approach for building shared, canonical 

understandings from students’ diverse ideas and practices. These approaches can inform the design of learning 

environments and PD programs that support teachers’ work with representations. To realize this potential, further 

research is needed to address tensions that arise from standards that prioritize canonical knowledge and practices 

and dominant ideologies about “appropriate” resources for learning. While it is difficult to shift disciplinary 

ideologies and values, this work is critical for creating equitable learning opportunities in science classrooms. 
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