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Abstract  

Reform-based instruction that fosters all students’ intellectual engagement and sensemaking is  
possible. However, it is not yet prevalent across many science classrooms. To gain more insight  
into how to design and enact science instruction supporting students’ intellectual engagement,  
this investigation centered on understanding how to design and implement science lessons for  
promoting students’ intellectual engagement as epistemic agents who shape knowledge building  
happening in the classroom. We examined a middle school science teacher's design and  
implementation of four lessons that she did as part of a PD focused on fostering productive  
science talk in science classrooms. Our analysis revealed that her efforts in fostering  
opportunities for students’ epistemic agency were evident in both her lesson design and  
implementation. Her responsiveness to students’ thinking/intellectual engagement throughout the  
lesson implementations via principled improvisations supported opportunities for students’  
epistemic agency. Her efforts allow us to understand how the design and implementation of  
science lessons with the focus of opening space and maintaining this space by being responsive  
to students’ thinking are critical for fostering students’ epistemic agency. These findings can  
provide implications for professional development efforts that seek to develop teachers’ capacity  
for reform-based instruction in science classrooms.   

Topic Descriptors  
Lesson Design and Enactment, Instructional Strategies, Epistemic Agency  

Subject/Problem  
Given the goal of developing students’ science proficiency, it is essential to design  

opportunities for them to become a part of the science enterprise and engage in social, epistemic,  
and material dimensions of science as co-constructors of knowledge (e.g., Duschl, 2008; Engle  
& Conant, 2002; Forman & Ford, 2014; NRC, 2012; NGSS, 2013). Unlike typical science  
instruction, which centers on students’ learning about a set of science ideas (Banilower et al.,  
2018), students’ having ownership of their learning and taking active roles in knowledge  
construction in their classroom community is central to the reform vision (e.g., NRC, 2012;  
Stroupe, 2014). Rigorous science instruction aligned with this vision is possible; however, it is  
not yet prevalent in U.S. science classrooms (NASEM, 2015).   

Epistemic agency is a multidimensional emergent construct which is negotiated through  
interactions among the members of a group (e.g., Demşa et al., 2010; Ko & Krist, 2019). As  

epistemic roles are negotiated through discourse and classroom activities, it is critical to focus on  
how teachers and students are positioned, and how they perceive and attend to their roles in  
science classrooms (e.g., Kawasaki & Sandoval, 2019; Ko & Krist, 2019; Stroupe, 2014).  

Supporting students’ epistemic agency requires new way of interacting among the members of  
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the learning community and new instructional practices for teachers to appropriate into their  
teaching (e.g., Reiser et al., 2021; Stroupe 2014).  

Teachers face various challenges as they try to implement classroom activities which  
provide opportunities for students’ intellectual contributions to knowledge building work and  
sustain extended opportunities for promoting students’ engagement in epistemic practices of  
science (e.g., Kawasaki & Sandoval, 2019; Miller et al., 2018). To address these challenges, this  
case study of one middle school teacher’s classroom explores the ways in which students’  
epistemic agency is fostered through design and implementation of lessons centered on  
promoting productive talk in a science classroom. Our research question, How did Ms. Kate  
design and provide opportunities for her students’ epistemic agency in lessons intended to  
promote productive talk in her biology classroom?  

Conceptual Framework  
Students’ epistemic agency mainly refers to “students being positioned with, perceiving,  

and acting on, opportunities to shape the knowledge building work in their classroom  
community” (p. 1058). Thus, the core of students’ epistemic agency is students' intellectual  
engagement as they contribute to knowledge construction, evaluation, and refinement (e.g.,  
Damşa et al., 2010; Miller et al., 2018; Scardamalia, 2002; Stroupe, 2014). Instead of exploring  
whether students have agency in science classrooms it is critical to explore what type of agency  
is valued and made available for students. Even in traditional classrooms, students have the  
options to select whether to accept or contest dominant ways of thinking (Gresalfi et al., 2009;  
Hand, 2012), or follow the procedures provided by their teachers to solve typical problems  
(Cobb et al., 2009). Thus, it is critical to examine the specific opportunities provided for  
students’ “epistemic” agency (Miller et al., 2018) ⎯	that is agency in epistemic space of the  
learning community regarding their actions (or refrains from action) that shape knowledge and  
knowledge building practices (e.g., Ko & Krist, 2019).   

Students’ epistemic agency is understood as a dynamic and multidimensional construct  
emerged through classroom interaction that focuses on students’ actions (or refrains from action)  
shaping the collaborative construction of knowledge building happening in a learning  
community (e.g., Damşa et al., 2010; Ko & Krist, 2019; Stroupe, 2014). The nature of classroom  
interactions with respect to the negotiation of opportunities to be positioned and act with  
epistemic agency are consequential to how epistemic agency is shared among members of a  
learning community. To explore how epistemic agency is shared in science lesson, prior research  
suggests attending how cognitive authority (Engle & Conant; 2002; Stroupe, 2014) and  
epistemic accountability (Engle & Conant; 2002; Sandoval et al., 2019) are negotiated in  
learning environments as well as how science activity is framed as a practice (Sandoval et al.,  
2019; Stroupe, 2014). Cognitive authority (Stroupe, 2014) or epistemic authority (e.g., Engle &  
Conant, 2002; Sandoval et al., 2019) refers to who decides what counts as knowledge in a  
science classroom. Given that teachers are generally positioned with a power being cognitive  
authority in typical classrooms, teachers spend effort to hold cognitive authority or redistribute it  
in various ways (e.g., Stroupe, 2014). Epistemic accountability refers to what or to whom  
students are accountable as they develop their thinking and work associated with knowledge  
building work in their classroom (Engle & Conant, 2002; Sandoval et al., 2019). Promoting  
students’ accountability to the classroom learning community, disciplinary norms and available  
resources can support opportunities for their epistemic agency because this type of accountability  
positions students as the one who make decisions about how to progress in their thinking and  
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resources, and disciplinary norms(Sandoval et al., 2019).   
In addition, framing of science as an individual (private) activity or a public (collective)  

activity in a learning community shapes opportunities for students’ epistemic agency (Sandoval  
et al., 2019; Stroupe, 2014). Framing science as a collective enterprise suggests students’  
collaborative work in small and large groups to make progress in their thinking. Collaborations  
within community members promote opportunities for students to share their intellectual  
resources such as daily life experiences, prior understandings and then building on each other’s  
thinking. Students can analyze and critique alternative ideas as they make decisions regarding a  
shared knowledge building object. On the other hand, framing science as an individual activity  
suggests solo student work which does not suggest classroom discussions where students can  
share and use each other’s resources in their knowledge building process and develop their  
intellectual work with contributions of their peers. Negotiation of cognitive authority, epistemic  
accountability, and framing of science activity intersect with each other as they shape  
opportunities for distribution of epistemic agency among the members of a classroom  
community (Sandoval et al., 2019; Stroupe, 2014).  
Because epistemic agency is multidimensional and negotiated through classroom  interactions, 
promoting opportunities for students’ epistemic agency is complex and demand  special efforts 
during the design and enactment of science instruction (e.g., Ko & Krist, 2019;  Reiser et al., 
2017; 2021; Stroupe et al., 2018). It requires opening space for students’  contributions in the 
epistemic space of classroom (e.g., Ko & Krist, 2019; Reiser et al., 2017;  2021) and also 
providing sustained and extended opportunities to support students’ epistemic  agency 
throughout classroom interactions (e.g., Kawasaki & Sandoval, 2019; Reiser et al., 2017;  
Stroupe, 2014). This requires shifts in instructional practices and classroom interactions than  
what is typical in many science classrooms (e.g., Banilower, 2019; Banilower et al., 2018) that  
positions teachers as the sole epistemic authority in the classroom. It is well documented that  
teachers are challenged in the design and implementation of instruction to support students’ in  
experiencing uncertainty as epistemic agents (Manz & Suárez, 2018) and engagement in critique  
through argumentation (e.g., González‐Howard & McNeill, 2020; Sandoval et al., 2019).  
A number of studies have started to provide insights about how teachers could open up  

space for students’ epistemic agency while using well-designed curricular resources (Ko & Krist,  
2019; Miller et al., 2018) and negotiate opportunities for students’ engagement as epistemic  
agents through classroom interactions (e.g., Kawasaki & Sandoval, 2019; Stroupe, 2014).  
Building on this research, exploration of science teachers’ instructional design and instructional  
practices with respect to opportunities for students’ epistemic agency can contribute to  
understanding how to promote students’ epistemic agency. Therefore, this investigation zoomed  
in on a science teacher’s instructional design and practices concerning opportunities created for  
students’ epistemic agency.  

Research Design/Procedures  
This study was conducted as a part of a National Science Foundation-funded professional  

development (PD) program in which a group of science teachers learned to facilitate productive  
discussions with their students where students can learn science-as-practice. We focused on Ms.  
Kate’s instruction, because the findings of our previous work (Akcil-Okan & Tekkumru-Kisa 
2021; Tekkumru-Kisa et al., 2022) suggests that her classroom would be a fruitful context to  

explore the promotion of epistemic agency. To address the research question, we examined six  
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types of data sources that were collected as part of each of the PD cycles: (i) the video or audio  
recordings of the design session meetings in which Ms. Kate collaboratively designed lessons,  



(ii) the artifacts of their co-design process, including planning materials of the lessons, (iii) audio  
recordings of the interviews with Ms. Kate before her implementation of the lessons, (iv) Ms.  
Kate’s classroom video recordings of the implementation of the lessons, (vi) audio recordings of  
the individual interviews with Ms. Kate after implementation of the lessons, (v) the video or  
audio recordings of the analyze session meetings in which Ms. Kate engaged in activities where  
she shared her experiences regarding implementation of the lessons and revised the lesson plans  
by working with colleagues. Each lesson was a different 8th grade biology course topic and the  
duration of each lesson was about three or four days of 50 min class periods. These data sources  
supported the triangulation of data for examining how Ms. Kate designed and provided  
opportunities for her students’ epistemic agency in her lessons.  

We used two coding schemes informed by the literature on students’ epistemic agency.  The 
first coding scheme provides specific exemplary actions regarding the four types of  opportunity 
which could help students perceive themselves as epistemic agents, and act with that  agency 
(Miller et al., 2018). This coding scheme allowed capturing students positioning and  actions 
concerning four types of epistemic agency opportunities: (a) soliciting and building on  student 
knowledge as a resource for learning, (b) building knowledge through participation in  practices, 
(c) building a knowledge product that is useful to students, (d) changing structures that  constrain 
and support action. Thus, this coding scheme helped to analyze which types of epistemic  agency 
opportunity Ms. Kate’s designed for and provided to her students in her lessons.  

The second coding framework was developed to further examine how Ms. Kate promoted  
her students’ epistemic agency while designing and implementing the lessons. This second coding  
scheme was informed by empirical studies supporting students' epistemic agency (Ko & Krist,  
2019; Sandoval et al., 2019; Stroupe, 2014). This coding is based on the perspective that epistemic  
agency is a multidimensional emergent construct negotiated through interactions among the  
members of a community (Demşa et al., 2010; Kawasaki & Sandoval, 2019; Ko & Krist, 2019).  
This perspective suggests attending to the features of classroom tasks and classroom discourse that  
shape negotiated epistemic agency. The second coding framework (see Table 1) suggests exploring  
characteristics of learning environments with epistemic agency with three integrated dimensions:  
negotiation of cognitive authority, epistemic accountability, and framing of science activity in  
terms of “who knows” in a learning setting. Practices or discourse associated with one of these  
dimensions can intersect with other dimensions too.   
Table 1. Coding Scheme for Analyzing Negotiation of Epistemic Agency 
Negotiation of 
three 
Dimensions: 

Limits Opportunities 
for  Student Agency  

Supports Opportunities for Student Agency  

Cognitive Authority  Retaining cognitive   
authority 

Redistribution of cognitive authority 

Epistemic   
Accountability 

Accountability to 
the  teacher only 

Accountability to the learning 
community,  disciplinary norms, 
reasoning and   
knowledge resources shared by 
students  and teacher 

Framing of 
Science  Activity 

An individual (solo)   
activity  

A public (collective) activity  
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Analysis and Findings  

Our analysis shed light on Ms. Kate’s efforts in providing opportunities for fostering  students’ 
epistemic agency as she designed and enacted the four lessons in her classroom. By  drawing 
on Ms. Kate’s planning conversations, artifacts of those conversations, and description  of 
lessons, implementations the lessons, reflections on these implementations, we identified  

patterns in her lesson design and enactment that helped to promote students’ epistemic agency.  
Regarding what type of actions students could take as epistemic agents (Miller et al.,  

2018), two types of epistemic agency opportunity were evident in Ms. Kate’s lesson design and  
enactment: a) soliciting and building on student knowledge as a resource for learning and b)  
building knowledge through participation in practices. She planned and asked questions that  
elicited student thinking and she also facilitated small group and whole group discussions where  
students shared and built on their and their peers’ ideas, lived experiences, and observations as  
they developed their explanations as epistemic agents. She also supported students’ engagement  
in disciplinary practices to support their sensemaking with epistemic agency. She designed and  
enacted the lesson where her students’ acted with epistemic agency as they designed and  
analyzed data to generate evidence-based claims, questioned their peers or teacher on science  
ideas and their arguments, engaged in critique of each other’s arguments, and revised their  
arguments in light of those critiques.  

Regarding the negotiation of opportunities to be positioned and act with epistemic  
agency, we observed Ms. Kate’s regular effort in negotiating cognitive authority, epistemic  
accountability, and framing of science activity in her classroom in ways to promote students’  
epistemic agency. She redistributed cognitive authority by positioning students as capable of  
working on scientific questions, ideas, and practices to progress in their thinking through  
collective effort. She positioned herself as a member of the learning community of her class and  
showed genuine interest to understand students’ thinking and their reasoning. She also  
encouraged students to build on each other’s ideas as they progressed in their work. As she  
facilitated small group and whole class discussion, she held students intellectually accountable to  
each other, disciplinary norms, and resources. She linked students' ideas to each other, pressed  
students to explain their reasoning, evidence regarding their claim or explanation. She regularly  
asked them to incorporate new resources about the phenomenon to inform the progress in their  
thinking and arguments through collective effort. Finally, she framed science activity as a  
collective effort in service of addressing phenomenon-based questions by positioning students as  
community members who would decide how to work and address the questions.  

In addition, our analysis regarding design and enactment of the lessons helped us to see  
what changes or additions Kate made in the moments of teaching to be responsive to her  
students’ intellectual engagement and promoting opportunities for students’ epistemic agency.  
After she took care to elicit and understand student thinking, and how they interacted with the  
task (i.e., data sources, guiding question), she made revisions in her lessons. Her revisions  
consisted of asking new questions, giving counter examples, and introducing new resources to  
students without providing them the ‘correct’ answers or procedural instructions which hinder  
opportunities for students’ epistemic agency. For instance, during second day of Lesson 1, she  
observed that students had challenges working on data sets about saltwater fish population to  
develop their arguments. After this observation, she started the next day of lesson with a new  
bell work given below which was not in the lesson design:  
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When analyzing data, you notice that there seems to be some inconsistencies or data that appears  
to conflict (ex..). What should your approach be? Should you toss the data and determine that it is  
unreliable or should you look for possible reasons behind the conflicting data? Why or why not?”   

After students worked on the bell work, Kate facilitated a whole class discussion where students  
shared their experiences and developed more complex approaches to analyze the data, allowing  
them to incorporate their initial ideas about ecosystems. This engagement continued in small  
group work as students struggled to make sense of this data. This episode demonstrates that how  
Ms. Kate was responsive to students’ engagement and positioned her students as the ones  
responsible for sensemaking regarding data as they develop scientific arguments. Another  
example about her addition to lesson design can be given from Lesson 2 where students asked to  
classify an unknown organism. During this lesson, a group of students started to claim that the  
unknown organism is a plant because it has uniform structural cells as found in plant cells,  
whereas animal cells have non uniform structure. As being responsive to this, Ms. Kate set up a  
microscope and invited the students to examine a muscle tissue (which has a uniform structure).  
By allowing students to new resource which might be a counter evidence to their claim helped to  
sustain positioning of students with epistemic agency who shape the knowledge building by  
considering new resources.   

Aligned with her flexible lesson enactment including principled improvisations, during  
the first lesson design session, she emphasized that understanding student thinking at the  
beginning of the lesson though whole and small group interactions about an anchoring  
phenomenon is critical to inform one’s lesson enactment to foster students’ thinking and reach  
out the goal of the lesson. Also, as she designed lessons She wanted her students to have access  
to the expansive data sources which would support their sensemaking as they work together  
without the teacher leading them to the correct responses or telling them what to do.  

Conclusions and Scholarly Significance  
Our analysis revealed that Ms. Kate’s instructional practices both in design and  construction 
arena (Remillard, 1999) were consequential for promoting students’ epistemic  agency. Her 
responsiveness to students’ thinking and intellectual engagement throughout the  lesson 

implementations (Colley & Windschitl, 2016) by using principled improvisations  (Cherbow, & 
McNeill, 2022) supported opportunities for students’ epistemic agency. Thus, we  argue that 
design and implementation of science lessons with the focus of opening space for  students’ 
epistemic agency and maintaining this opportunities by being responsive to students’  thinking 
is critical for fostering students’ epistemic agency. The study findings can contribute to  a better 

understanding of how to enact reform-based science instruction and inform professional  
development efforts to support teachers’ capacity for promoting students’ epistemic agency.  

This material is based upon work supported by the National Science Foundation under DRL  
#1720587. Any opinions, findings, and conclusions or recommendations expressed in this  
material are those of the authors and do not necessarily reflect the views of the National Science  
Foundation. 
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