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Discourse and Agency during Scaffolded Middle School Science 
Instruction
Doug Lombardi a, Ananya M. Matewosb, Joshua Jaffea, Vivian Zoheryc, Svetha Mohand, 
Kellyann Bocka, and Sonia Jamania

aDepartment of Human Development and Quantitative Methodology, University of Maryland; bDepartment of 
Education, St. Norbert College; cDepartment of Teaching, Learning, Policy, and Leadership, University of Maryland; 
dDepartment of Psychology, Tulane University

ABSTRACT
Instructional scaffolds may promote science learning, particularly for topics 
that are controversial. Scaffolding may also need to be autonomy supportive, 
particularly for adolescents, and designed to facilitate scientific discourse and 
agency. The purpose of the present study was to investigate differences in 
middle school students’ discourse and agency across two scaffold forms: one 
more autonomy-supportive and one less autonomy-supportive. We 
designed both to facilitate scientific evaluations about the connections 
between lines of evidence and alternative explanations about two geological 
phenomena: relations between hydraulic fracturing and earthquakes (less 
autonomy-supportive) and reliability of fossil evidence for inferring past 
surface changes (more autonomy-supportive). Integration of qualitative 
and quantitative findings revealed meaningful differences, with greater col
lective disciplinary agency expressed during the more autonomy-supportive 
form. Results support a burgeoning area of research suggesting that pro
ductive discourse and agency are necessary to prepare students to partici
pate in a civically minded and inclusive society.

Introduction

Many socioscientific topics, such as the current climate crisis and availability of freshwater resources, 
are complex and present considerable learning challenges. Further, these topics are often spread across 
multiple science domains (e.g., biology, chemistry, geoscience, and physics) and are often controver
sial (see, for example, Dawson & Carson, 2020; Khishfe et al., 2017; Owens et al., 2018; Philip et al., 
2018). Controversial socioscientific topics are characterized as issues where conflicting perspectives 
arise from distinct sources, “each with a distinct set of assumptions, points of view, target audiences, 
and goals” (Lombardi et al., 2020, p. 330). With such issues, students may encounter alternative but 
nonscientific claims that conflict with consensus claims held by a particular community of scientists. 
Such competing, nonscientific claims may challenge students during their science learning (Lombardi 
et al., 2016).

Instructional scaffolds that promote students’ scientific evaluations may be one way to overcome 
barriers and facilitate students’ learning about socioscientific issues. Lombardi et al., (2013a, 2018a, 
2018b) developed several Model-Evidence Link (MEL) activities around such socioscientific topics as 
climate change, hydraulic fracturing (fracking), and water resources. The MEL activities are an 
instructional scaffold using a diagrammatic framework to facilitate middle and high school students’ 
evaluation of the connections between four lines of scientific evidence and two alternative explanatory 
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models (one scientific and one nonscientific). However, students may have considerable difficulty 
transferring concepts learned through scaffolded instruction outside of the specific context and 
situation of their science classrooms (Pea, 2004).

Effective knowledge construction and transfer through the process of scientific evaluation may then 
also require students to engage in discourse processes that promote individual and collective agency 
and help promote deeper learning. Agency may emerge through externalized and internalized dialogs 
that occur when instructional scaffolds facilitate self-regulatory processes of students’ planning and 
monitoring of their individual and group learning (Barzilai & Ka’adan, 2017; Greene et al., 2018; Ryu 
& Lombardi, 2015). These individual and group dialectic and self-regulatory processes are known as 
conceptual agency (Heyd-Metzuyanim & Schwarz, 2017), disciplinary engagement (Engle & Conant, 
2002; Sandoval et al., 2019), and epistemic agency (Miller et al., 2018; Stroupe, 2014). If implemented 
in the classroom, these processes may model the construction of scientific knowledge, in what 
Pickering (2010) calls a “dance of agency” (p. 21), where individuals and groups are engaged in an 
intentional practice involving epistemic construction and manipulation of scientific resources (e.g., 
data in tables and graphs). This agentic engagement means that students author their own contribu
tions, are accountable to the learning community, and have the authority to solve problems 
(Nussbaum & Asterhan, 2016). Furthermore, students who are agents of their own and their peers’ 
learning may actively monitor and reappraise judgments about credibility of evidence and plausibility 
of competing knowledge claims around a phenomenon (Heyd-Metzuyanim & Schwarz, 2017; 
Nussbaum & Asterhan, 2016).

We enhanced the MEL scaffold with the hope of increasing students’ agentic engagement during 
the learning process. These modified activities, called the build-a-MEL (baMEL), task students to 
construct their diagrams prior to analyzing and evaluating how well lines of evidence support 
alternative explanatory models. The purpose of the present study was to compare students’ agency 
between the older version of the activity (i.e., the preconstructed MEL [pcMEL]) and the newer 
baMEL. The present study is part of a larger 6-year design-based research project examining instruc
tional scaffolds and methods that deepen students’ scientific evaluations and discourse about claims 
related to socioscientific phenomena in earth, environmental, and space science contexts. Although 
previous studies have revealed that pcMELs were effective in facilitating students’ knowledge con
struction within the classroom context (Lombardi, Bailey et al., 2018a; Lombardi, Bickel et al., 2018), 
the project’s overall purpose is to design and test the baMEL as a more autonomy-supporting form and 
test whether the baMEL may increase students’ agency and strengthen their knowledge construction 
above and beyond the pcMEL. The present study uses data collected in the second year of the project 
and specifically focuses on discourse and agency comparisons between the two kinds of scaffolds. 
A previous study using quantitative data, which were collected at a different time but in the same 
classroom involved in the present study, suggested that the baMEL was more effective than the 
pcMEL, specifically in facilitating students’ scientific evaluations, shifting their plausibility judgments 
toward a more scientific stance, and deepening their knowledge about water resources (Klavon et al., 
2022). To investigate a potential reason for the baMEL’s effectiveness, the present study probed a bit 
deeper by comparing students’ engagement in scientific practices during discourse and their agency 
when learning about geological phenomena. Prior to discussing the methods, results, and potential 
implications of this present study, we first turn to the theoretical framework that supported our 
research design.

Theoretical framework

In developing the present study’s theoretical framework, we examined extant theoretical and empirical 
work related to students’ discourse and agency in science learning. Specifically, we examined and 
melded literature from science education research, the learning sciences, discourse analysis, social 
network theory, and educational and developmental psychology to support this study’s constructs 
(agency and scientific discourse) and design.
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Agency and learning

A report by the National Academies of Sciences, Engineering and Medicine (2020) says that “student 
sense-making of phenomena or problem-solving help build student agency by engaging them in 
thinking through and planning instructional sequences” (p. 47). In developing his notion of individual 
agency, Bandura (2001) said that “To be an agent is to intentionally make things happen by one’s 
actions . . . The core features of agency [intentionality, forethought, self-reactiveness, and self- 
reflectiveness] enable one to play a part in their self-development, adaptation, and self-renewal with 
changing times” (p. 2). Individual agency may extend toward collective agency when students become 
learning agents during group work with their peers via a classroom support structure that allows for 
greater student autonomy (Patall et al., 2019; Roth, 1999). Thus, situations allowing for deeper 
engagement through autonomy supportive scaffolding may help induce students’ individual and 
collective agency. Furthermore, increased classroom engagement is often associated with science 
learning and achievement. For example, Lee and colleagues (2016) found that greater amounts of 
engagement predicted science achievement in adolescents, particularly if students enjoyed mastering 
the content and believed they could be successful in completing the learning task. Similarly, secondary 
data analysis by Grabau and Ma (2017) revealed that several indicators of engagement were robustly 
(medium to large effect sizes) related to adolescent science achievement.

Agency is manifested via engagement in classroom learning. Because of the recent series of global 
crises (e.g., climate change, the COVID-19 pandemic), education reformers are calling for science 
instruction to focus on “student engagement with real-world phenomena and problems” (National 
Academies of Science, Engineering, and Medicine, 2020, p. 9). However, despite being termed the 
“holy grail of learning,” many consider engagement to be a relatively vague construct and realizing 
meaningful engagement in the science learning context remains elusive (Sinatra et al., 2015, p. 1). 
Some have viewed engagement in science learning as a multicomponent construct (Sinatra et al., 2015) 
involving cognitive (Chi et al., 2018), social-behavioral (Rogat & Linnenbrink-Garcia, 2019), and 
emotional (Geiger et al., 2017) factors. Another component of engagement is directly related to 
agency: agentic engagement, which “is the proactive, purposive, and educationally constructive action 
students initiate to catalyze their . . . learning” (Reeve et al., 2020). In science classrooms, agentic 
engagement may emerge through a dynamic interplay of cognitive, social-behavioral, and emotional 
factors (Patall et al., 2019).

Students’ participation in scientific practices may be an effective way to deepen their agentic 
engagement because these disciplinary practices include cognitive, social-behavioral, and emotional 
components. For example, the scientific practice of argumentation could involve building students’ 
conceptual knowledge about the nature of science and disciplinary core ideas through cognitive 
engagement facilitated by critique, reasoning, and conceptual integration (Nesbit et al., 2019; 
Nussbaum, 2021). Similarly, social-behavioral engagement in scientific argumentation could facilitate 
students’ understanding that “science is fundamentally a social enterprise, and scientific knowledge 
advances through collaboration and in the context of a social system with well-developed norms” 
(National Research Council, 2012, p. 27; Roth, 1999). Discourse in collaborative group work may also 
transfer topic interest between students, thereby potentially deepening emotional engagement (Bergin, 
2016; Bohn-Gettler & McCrudden, 2021; Renninger & Bachrach, 2015). Through the dynamic 
integration of cognitive, social-behavioral, and emotional factors, students may increase their agentic 
engagement in the science classroom by becoming accountable to the learning community as more 
autonomous actors of scientific inquiry and problem solving (Nussbaum & Asterhan, 2016).

Agency and scientific discourse

Science classrooms often involve a community of learners (e.g., teachers and students) trying to make 
sense of phenomena (e.g., addressing if wetlands are a nuisance or benefit to humans). For such 
a community to promote learning, it should be focused on facilitating scientific knowledge 
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construction and critique in a way that promotes agency through scientific discourse (Lombardi & 
Bailey, 2020; Ryu & Lombardi, 2015). Such discourse extends the notion of the student as an agent of 
learning (i.e., learning agency) by situating their agency within the context of the scientific discipline 
(i.e., disciplinary agency). In science classrooms, disciplinary and learning agency should go together, 
but only when instruction effectively allows students to engage in scientific discourse where they 
propose and evaluate ideas that contribute to the community’s collective science knowledge construc
tion (Miller et al., 2017; Roth, 1999). Thus, disciplinary and learning agency may be deepened when 
students participate in scientific practices that promote discourse where students consider and select 
appropriate connections between scientific evidence and alternative explanations about phenomena 
and evaluate these connections consistent with scientific criteria (Bohn-Gettler & McCrudden, 2021; 
Christodoulou & Osborne, 2014; Trabasso & Magliano, 1996; Trabasso & Wiley, 2005). For example, 
students may examine and select lines of scientific evidence that support or refute alternative 
explanations of socioscientific topics, such as biological evolution, vaccination efficacy, and hydraulic 
fracturing (Hopkins et al., 2016; McCrudden et al., 2021a; Wertgen et al., 2021; Wolfe et al., 2013).

Relatively recent education reform suggests that scientific practices should be incorporated into 
students’ science learning experiences to facilitate both their disciplinary and learning agency. For 
example, in the United States, A Framework for K12 Science Education introduced eight scientific and 
engineering practices characterizing classroom knowledge building skills where students investigate 
and develop explanations and solutions about phenomena and problems through evaluative processes 
involving argument, critique, and analysis (National Research Council, 2012). This framework further 
suggests that engagement in these practices may develop students’ scientific habit of mind and enable 
them to become disciplinary agents via inquiry and reasoning while deepening their learning agency to 
actively construct knowledge about both the nature of science and science concepts. For example, 
when students engage in the scientific practice of evaluating how well lines of scientific evidence 
support alternative explanations about the availability of freshwater resources, they may deepen their 
understanding about how technology has made water safer for human use (a fundamental concept 
about how “Scientists and engineers can make major contributions by developing technologies that 
produce less pollution and waste and that preclude ecosystem degradation [HS‑ESS3‑4]”; NGSS Lead 
States, 2013, p. 288).

Scientific practices may help students to become disciplinary and learning agents because they act 
as authentic epistemic operations performed by scientists but are situated in the science learning 
context. When students collectively engage in epistemic operations (categorizing and classifying, 
describing and defining, and critiquing, evaluating, and judging) when using data and models in 
classroom settings, they may recall, retain, and generate knowledge in a similar fashion to the scientific 
community (Christodoulou & Osborne, 2014).

Visualizing agency through social networks

Social network analysis (SNA) is ideal for measuring agency by tracking the changes in participation 
over time. It characterizes interactional features of a lesson and observes the relationships among 
social entities by monitoring the patterns within these networks (Burt, 1978). SNA focuses on 
analyzing either the structure of relationships or the positions of individuals in the network, producing 
diagrams consisting of nodes and ties (Wasserman & Faust, 1994). Each member of the social network 
is represented as a node, and the line connecting two nodes represents the interaction between two 
members.

SNA assumes that the individuals who compose the network are influenced by the structure of the 
network (and other network members). The positions of individuals within a structure are based on 
tracking and analyzing the number, shapes, and lengths of ties (connections between individuals) 
and paths, that is, how people are connecting and how information/knowledge/resources are 
distributed within the network. In this way, researchers can visualize and analyze forms of agency 
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within learning environments, particularly when paired with discourse analysis. For example, if one 
node has many links to other nodes, SNA assumes that the node has a central role in the network for 
that activity. Conversely, a node is less engaged, and possibly disconnected from learning, if it has no 
links to other nodes. When paired with discourse analysis, it is possible to visualize how engaged 
students are based on their interactive turns, as well as to track how agency becomes distributed over 
time across learners.

Present study

In the present study, we examined students’ discourse for evidence of their disciplinary and learning 
agency when using MEL diagrams about geology topics. We specifically investigated middle school 
student group discussions when they were completing the fracking pcMEL and the fossils baMEL 
scaffolds. In the fracking pcMEL, students are presented with four lines of scientific evidence and two 
alternative explanatory models about the increased frequency in earthquake activity in the Midwestern 
United States (Figure 1) Hopkins et al., (2016). In the fossils baMEL, students select four lines of 
scientific evidence from eight possible choices and two alternative explanatory models from three 
choices about the reliability of fossil evidence for inferring past paleoclimatic and surface changes 
(Figure 2) (Governor et al., 2020). We specifically asked, Would a scaffold that is more autonomy 
supportive (i.e., the fossils baMEL) facilitate greater disciplinary and learning agency in middle school 
student groups compared to a less autonomy-supportive scaffold (i.e., the fracking pcMEL)? We 
hypothesized, based on our synthesis of the literature highlighted above, that a more autonomy- 
supportive scaffold, the baMEL, would support students’ engagement in scientific discourse that 
reflected greater disciplinary and learning agency than a less autonomy-supportive scaffold, the 
pcMEL (Christodoulou & Osborne, 2014; Patall et al., 2019; Ryu & Lombardi, 2015).

Figure 1. Student example of a fracking preconstructed model-evidence link (pcMEL) diagram.

DISCOURSE PROCESSES 383



Methods

Participants and context

We collected data from middle school students (n = 15) who used the two instructional scaffolds in 
their grade 6 earth science class. This class met in a traditional, face-to-face classroom setting prior to 
the COVID-19 pandemic, and we selected this classroom starting from a pool of 36 teachers who had 
volunteered to participate in a previous summer’s workshop to learn about the MEL activities. Of these 
voluntary professional development participants, we selected five teachers across a diverse range of 
factors (e.g., location, district willingness to participate in a research study) for classroom-based 
research, and of these five teachers, we randomly selected one teacher’s classroom when she used 
the pcMEL (topic of fracking and earthquakes) and the baMEL (topic of fossils as indicators of past 
climates) in her science instruction.

The classroom teacher self-identified as being White and female, with 6 to 10 years of 
teaching experience. The grade 6 participants (i.e., those students who gave consent to be 
a part of the study, with their parents giving consent) predominantly identified as Hispanic (of 
any origin) (n = 6; 40%), with the remainder identifying themselves as White (n = 4; 27%), 
Asian (n = 3, 20%), and Black (n = 2, 13%). Slightly more of the participants identified as male 
(n = 8, 53%), and six students (40%) identified as eligible for reduced-price or free lunch (a 
demographic indicator that is often, but controversially, used as an indicator of lower socio
economic status; Harwell & LeBeau, 2010). The classroom was in the Middle Atlantic United 
States in a suburban community flanked on one side with a high-density population area of 
appreciable poverty and on the other side with a low-density population area of appreciable 
wealth (U.S. Census, 2021).

Figure 2. Student example of a fossils build-a-model-evidence link (baMEL) diagram.
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Data sources and collection

We used audio recordings of five student groups, three students in each group, during two 50-minute 
lessons. The first lesson featured the fracking pcMEL and the second featured the fossils baMEL, with 
each lesson taught about 5 weeks apart and including a winter holiday break in that time span. The 
teacher incorporated these lessons within instructional units aligned to the school’s existing earth 
science curriculum. We constructed line-by-line transcripts of each lessons’ group discussion phase, 
which occurred simultaneously during the last 30 minutes of each lesson, and these transcripts were 
a primary data source for analyses. Our transcripted lines reflected “discourse units,” which were 
whole or partial sentences dialogically uttered from each participating student. We used these 
utterances as the units of analysis and classified these discourse units as macro-level codes bounded 
within the specific conceptual focus of the activity structure (the pcMEL and baMEL lesson, which we 
characterized as both a communicative situation [Hennessy et al., 2020] and interactional episode 
[Brown & Spang, 2008]). We also obtained student work samples and video recordings of the lesson, 
but these were not data sources in the present study.

Prior to breaking into group discussions, the teacher presented students with competing scientific 
explanatory models and several lines of scientific evidence. The fracking pcMEL specifically presents 
four lines of scientific evidence and two models (scientific alternative and other alternative) investigat
ing the phenomenon of increased earthquake activity in the Midwestern United States (Figure 1) 
(Hopkins et al., 2016). When completing the pcMEL, participants read and referred to four, one-page 
handouts (containing some text, graphs, and diagrams to further explain each line of scientific 
evidence) and completed the diagram on a separate sheet of paper in small groups. In the pcMEL 
diagram sheet (Figure 1), the explanatory models are in the center of the page in two separate boxes 
with no labeling indicating which one is scientific and alternative explanation. The teacher provided 
instructions on how to complete the diagram: drawing one of four different types of arrows from each 
line of evidence to both models based on how well the participants thought the evidence supported an 
explanatory model, with a squiggly arrow indicating that the participant believed a line of evidence 
strongly supported an explanatory model, a straight arrow indicating that a line of evidence supported 
a model, a dotted line arrow indicating that a line of evidence had nothing to do with the model, and 
an arrow with an “X” in the middle indicating that a line of evidence contradicted the model. Overall, 
the participants drew eight arrows on their diagrams.

For the fossils baMEL (Figure 2), participants constructed their own MEL diagrams. First 
participants read eight, one-page handouts for each of the lines of scientific evidence related to 
the phenomenological possibility that buried fossils are linked to past paleoclimatic and 
surface changes. Students were also introduced to three alternative models (one based on 
the scientific consensus and two that were alternative but nonscientific explanations). 
Participants worked together to select four lines of evidence from the eight available and 
two alternative models from the three available. This baMEL construction took one class 
period, with participants constructing their baMELs on a separate sheet of paper. In the 
next day’s class period (the class meeting including in the present study), participants com
pleted the diagrams they had constructed in the same way that they had for the pcMEL 
described above.

For both scaffold types, groups collectively discuss and write justifications for two of the evidence- 
to-model arrows that they drew on their diagrams on sheet that we refer to as the “explanation task.” 
This second phase of the activity constituted the majority of ~30 minutes of group work that we 
recorded for the present study. Focusing the analysis on the explanation task phase allowed us to 
compare similar discourse episodes between the two scaffold types. Overall, each MEL activity took 
~90 minutes (just under two class periods) to complete the diagram construction and explanation task 
phases. Although there are more steps involved in the baMEL, participants progressed more quickly 
with the diagram phase because of their prior experience with the pcMEL.
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Study design

Our goal was to investigate and compare the nature of classroom discourse when students used 
the pcMEL and baMEL in small groups. We began by using discourse analysis to qualitatively 
code small group discussions. Next, we did frequency counts of the qualitative codes. Thus, we 
used data transformation to quantify the qualitative data (Teddlie & Tashakkori, 2009). Then, we 
used SNA to analyze the transformed data quantitatively. This allowed us to visually depict the 
small group discussions and investigate whether there were quantitative differences in the use of 
qualitative codes when students used the pcMEL and baMEL. Lastly, we integrated the discourse 
analysis and SNA to better understand the interactional sequences that demonstrate aspects of 
agency in learners.

Qualitative data analysis

We used a qualitative content analysis to analyze participants’ discourse. We specifically applied the 
themes of disciplinary and learning agency to code group transcriptions using a directed content 
analysis, which marshaled existing theories and prior research to identify “key concepts or variables as 
initial coding categories” (Hsieh & Shannon, 2005, p. 1281): disciplinary and learning agency.

Disciplinary agency coding
To ensure the accuracy and reliability of coding, we conducted four “rounds” of analysis and revision 
involving all coauthors serving various roles during some or all the rounds. In the first round, we 
coded disciplinary agency using the 13 epistemic operations identified by Christodoulou and Osborne 
(2014, Table 2, p. 1286) and assigned coding pairs to each group discussion randomly. Coders worked 
individually at first, reading each line of the transcripts and assigning these 13 codes to lines as they 
saw fit. Each pair then met to discuss and come to a consensus on the appropriate labeling of 
applicable situations and made notes about the utility of the coding scheme and process. Upon 
reporting a consensus, one coauthor, who we called the revisioner, reviewed all final consensus 
codes and made notes of trends and inconsistencies that may have impacted coding. The research 
team then met to provide feedback and reflection on the revisioner’s notes about the codes and coding 
process, which prompted a discussion of recommendations for potential modifications and revisions 
to the categories that we were using to code disciplinary agency. This discussion specifically revealed 
overlaps between some epistemic operations. Prior to the second round of coding, we consulted the 
literature to more systematically identify closely related operations and combined a few categories of 
some operations.

We then conducted a second round of coding using our revised coding scheme with the same 
coder pairs and the same process. After pairs finalized and reached consensus once more, the 
entire research team met to discuss the coding. Again, consulting the literature, we decided to 
synthesize a couple of categories and began a third round of coding. In this round, we randomly 
assigned authors to serve as checkers of other pairs’ codes (i.e., other assignments they had not 
previously analyzed). This time each transcript line was coded by one coauthor and asked if they 
agreed with the consensus made by prior coders, verifying whether it made sense to them and/or 
seemed consistent with what has been done before. This stage was critical in establishing and 
ensuring that all team members were defining and coding terms in a consistent manner. In the 
final round, the revisioner, along with the lead author, combed through the transcripts as one final 
quality check for consistency and accuracy. After conducting a preliminary categorical analysis of 
code frequency and consulting the literature one final time, we combined a couple of similar codes 
to get our final coded categories. Table 1 lists, describes, and provides examples of the final 
disciplinary agency codes that we used in the present study.
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Learning agency coding
We also conducted a four-round process to ensure the accuracy and reliability of our learning agency 
coding, with all authors participating in the coding. This process was conducted simultaneously to the 
disciplinary agency coding and followed the same basic steps, with specific differences highlighted 
here. Prior to conducting the first round, we consulted the literature on autonomy supportive 

Table 2. Learning agency discourse codes.

Code Description Participant Discourse Example

Demonstrating competence in 
the learning task

Competence demonstrates effectiveness in 
group actions we undertake and leads to 
engagement via building of ownership of 
the learning material and confidence to 
complete a learning task (Collie & Martin, 
2020). Such self- and group-efficacy beliefs 
serve as the foundation for agency 
(Bandura, 2001).

“It contradicted that idea—the graph clearly 
shows when there’s an increase in fracking, the 
number of earthquakes also largely increased, 
right? From the normal? From the average 
1.6 per year to 20 then 35, 64, back down to 35 
but up to 109 and in recent years it’s been up 
to 584. So you gotta find information that it 
was caused by [fracking], right?”

Showing relatedness of the 
topic/content to culture and 
experience

Learning agents help to form meaningful 
relationships with between the group 
members by including personal and shared 
experiences and/or cultural expressions of 
shared values and norms (Kumar et al., 
2018; Ryan & Deci, 2017). Agentic 
engagement is fostered through 
relatedness to both topic and culture (Patall 
et al., 2019).

“Yeah, you remember we watched the video, 
the Alaska one?”

Setting group goals to 
accomplish the learning task

Goals are an important motivational factor for 
learning and incorporating students’ goals 
into the instructional task may increase their 
achievement (Reeve et al., 2020). Setting 
goals represents intentionality, a core 
feature of agency (Bandura, 2001).

“Ok so we’ll have to start, so we should each 
start with um . . . . reading the models”

Monitoring group’s 
understanding and 
achievement of learning 
goals

Beyond goal setting, agents of learning 
express self- and peer-reactiveness to shape 
courses of action and regulate execution of 
the learning task (Bandura, 2001). 
Autonomy-supportive instruction can 
support self- and collaborative monitoring 
(Vansteenkiste et al., 2018)

“No we want . . . right now she said. Right now 
we have to like pick what we want to use. So 
let’s maybe use one that uh . . . . against 
uh . . . like using fossils and then one that is 
for it.”

Validating group’s 
understanding of the topic/ 
content and achievement of 
learning goals

Validating peer’s achievement of goals 
increases ability to lead and persist learning 
activities (Barnett, 2011). Agents validate 
understanding by facilitating self- and 
group-reflection of the learning process and 
judging thinking against outcomes and 
effects of group actions (Code, 2020).

“So we have something that strongly supports 
Model C right? Now we want something 
that contradicts it.”

Taking leadership/lead role in 
the learning task

Leadership involves seeking group members’ 
feedback and perspectives, providing 
opportunities for group members’ 
participation, and explaining the reasoning 
behind task completion (Collie & Martin, 
2020). “Conceiving of leadership as 
a practice allows anyone to participate in 
leadership as he or she engages in agentic 
activity” (Raelin, 2016, p. 141) 

“If you can find any of that information then 
you can share it. Otherwise it probably has 
nothing to do with it, it’s just stating 
information on how earthquakes are 
normally caused.”

Assuming autonomy in the 
learning task that is different 
from the group or teacher

Feelings of autonomy can support creativity 
(Patall et al., 2010), and learning agents 
change directions to promote collaboration, 
creativity, and innovation in accomplishing 
the task (Yamazumi, 2014). Moving in 
a creative and/or innovative direction can 
promote a transformation toward greater 
understanding (Pugh, 2011)

“So does this say the opposite of when people 
make mistakes? Like if it gave an 
example . . . wait that gives me an idea. Is 
there an example where? Uhhh . . . not 7 or 
8 . . . evidence 2 maybe. Wait.”

DISCOURSE PROCESSES 389



classroom environments for increasing students’ learning agency. For example, we used Reeve and 
Shin’s (2020) teaching suggestions for students’ agentic engagement and specifically developed our 
initial set of codes with the idea that students who are learning agents would work collaboratively to set 
goals for accomplishing the classroom task (i.e., in the present study, evaluating evidence to model 
links) and monitor their progress toward task completion and validating the group’s process. In this 
way, learning agency bears some similarity to self-regulated and co-regulated learning, but in this case 
their learning agency would be manifested via students’ intent and actions, as expressed via their 
discourse. We therefore created three codes for goal setting, monitoring, and validating. Further, 
learning agents should also express their competence and relatedness while engaging in their class
room tasks (Collie et al., 2018), resulting in two additional codes.

At the end of the first round of coding, we identified that some student participants were exerting 
leadership in ways other than through goal setting, monitoring, validating, competence, and related
ness. Such expressions of leadership were more general, such as supporting other group members and 
encouraging all to participate (Collie & Martin, 2020). Additionally, some student participants some
times went in a different direction than their groupmates or their teacher. In these situations, 
participants expressed independent thought that was more autonomy seeking and contributed con
structively to the group discourse via creativity and innovation (Patall et al., 2010; Yamazumi, 2014). 
Therefore, we created two additional codes about leadership/lead roles and going in an independent 
direction. We then conducted a second round of coding using our revised coding scheme with the 
same coding pairs and the same consensus-driven process and verified/revised these codes in the third 
round via randomized checkers. In the final round, the revisioner and the lead author made one final 
pass to ensure consistency and accuracy. Table 2 provides a final list, description, and examples of our 
learning agency codes.

Quantitative data analysis

We used SNA as a quantitative approach to infer interactional and discourse dynamics during 
participants’ group work. In SNA, individual relationships between pairs of actors are called dyads 
(Valente, 2010). Dyad relationships connect to form paths that allow actors to indirectly influence one 
another within networks. These relationships eventually form the network structure (in our case, 
a three-person group), where actors hold structural positions within the network (group) and which 
might ultimately influence the opportunities or constraints (in this case, related to learning) that the 
other actors would encounter (Borgatti & Ofem, 2010; Moolenaar, 2012; Valente, 2010).

Unlike traditional SNAs, which may rely on survey methods and interviews to ask participants who 
they are connecting with, we overlaid network ties between actors using audio recordings of classroom 
discourse to code and map talk segments (Ryu & Lombardi, 2015). By diagramming each coded 
discourse unit, we were able to map out how discussions manifested in disciplinary and learning 
agency, how these agency types were distributed across participants (actors), and how individual 
members might have shifted in their influence across the two scaffolds. In constructing the SNAs, we 
were able to determine parameters (e.g., centrality, which specified ways in which group members 
might control the flow of information; Valente, 2010) and visualize patterns within these discourse 
units to examine whether and how disciplinary and learning agency might have shifted between 
scaffolds (Wagner & González-Howard, 2018).

The SNA allowed us to compare group member turns in the pcMEL and baMEL conditions. Thus, 
mixing at the level of data analysis through data transformation (quantify) allowed us to more 
precisely evaluate directionality and number of turns during group discussions, which addressed the 
mixing purpose of complementarity. To our knowledge, this is the first study that has used combined 
discourse and SNAs to examine how different forms of instructional scaffolds (more and less 
autonomy-supportive) might support both disciplinary and learning agency.
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Results

Qualitative findings

Table 3 shows counts of coded discourse units (n = 701) for the different types of disciplinary and 
learning agency expressions made by participants. These 701 coded interactions accounted for 27% of 
all interactional turns of dialogue, including every day and hybrid talk (Brown & Spang, 2008). We 
coded that participants’ disciplinary agency was expressed most often via reasoning, predicting, and/or 
justifying during both the pcMEL and baMEL activities. Almost as frequent was the disciplinary 
agency code that showed participants’ expressions of contradicting, critiquing, evaluating, and/or 
judging. These counts seem to closely reflect the designed nature of the scaffolds (i.e., to promote 
students’ evaluations between the lines of scientific evidence and alternative explanations). The least 
frequent expression of disciplinary agency was categorizing, comparing, and/or classifying. In fact, we 
did not code any discourse unit in this category for the baMEL scaffold. This also may reflect the 
designed nature of the scaffold, where, for the pcMEL, lines of scientific evidence are presorted and 
placed on the diagram, and for the baMEL, students had already selected the lines of evidence and 
explanatory models in the previous day’s class meeting.

We coded that student participants’ learning agency was expressed most often for taking leader
ship/lead role in the learning task for both the pcMEL and baMEL. The second most frequent learning 
agency code for both scaffolds showed that participants expressed monitoring their group’s under
standing and achievement of learning goals. These counts seem to suggest that learning agency was 
manifested by some participants’ taking leadership via monitoring so that the group would success
fully complete their evaluations using the scaffolds. The least frequent category of learning agency 
expression for both scaffolds was showing relatedness of the topic/content to culture and experience, 
which could reflect that participants were primarily focused on the information presented within each 
scaffold as they conducted group work.

Quantitative findings

After establishing the category codes via the qualitative analysis but prior to running the quantitative 
SNAs, we calculated frequency counts and constructed contingency tables of disciplinary and learning 
agency discourse units for each group member. We summed each group to get a total classroom effect 
(i.e., an omnibus group, with the group members identified as Alpha [the participant in the group who 
had the most turns when doing the pcMEL], Beta [the participant with the second most turns], and 

Table 3. Disciplinary and learning agency discourse unit counts and percent of total (in parentheses).

Code pcMEL baMEL

Disciplinary agency
Describing, identifying, defining, explaining, and/or recalling evidence 27 (13%) 13 (11%)
Categorizing, comparing, and/or classifying 5 (2.5%) 0 (0.0%)
Questioning 35 (17%) 8 (7.0%)
Reasoning, predicting, and/or justifying 75 (36%) 63 (55%)
Contradicting, critiquing, evaluating, and/or judging 65 (31%) 31 (27%)
Total 207 (100%) 115 (100%)

Learning agency
Demonstrating competence in the learning task 18 (10%) 3 (1.5%)
Showing relatedness of the topic/content to culture and experience 4 (2.2%) 0 (0.0%)
Setting group goals to accomplish the learning task 6 (3.4%) 19 (9.5%)
Monitoring group’s understanding and achievement of learning goals 58 (32%) 48 (24%)
Validating group’s understanding of the topic/content and achievement of learning goals 21 (12%) 24 (12%)
Taking leadership/ lead role in the learning task 63 (35%) 104 (52%)
Assuming autonomy in the learning task that is different from the group or teacher 9 (5.0%) 2 (1.0%)
Total 179 (100%) 200 (100%)
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Gamma [the participant with third most turns]). Summing individual groups into an omnibus group 
may have mitigated idiosyncrasies that are often inherent in classroom-based studies. Table 4 shows 
these contingency tables for the Alpha-Beta-Gamma omnibus group.

To better understand these differences, we conducted SNAs using the Gephi analysis tool (Bastion 
et al., 2009). We calculated each group member’s centrality for disciplinary and learning agency, with 
centrality specifying the ways in which group members might control the flow of information during 
the classroom task (Valente, 2010). Centrality is an index of group members’ connection and influence 
in the network (Carolan, 2014) and includes both turns (the total number of times a group member’s 
statement was coded for disciplinary or learning agency) and directionality (who spoke to whom; 
Wagner & González-Howard, 2018). We summed turns and directionality from each group to get an 
omnibus group effect, with Alpha (the participant in the group who had the most turns when doing 
the pcMEL), Beta (the participant with the second most turns doing the pcMEL), and Gamma (the 
participant with third most turns doing the pcMEL) group members. In Figure 3 (disciplinary agency) 
and Figure 4 (learning agency), the arrows indicate directionality and number turns (expressed 
quantitatively as relative arrow weight). Group members are shown as circles, with the Gephi- 
calculated centrality parameter indicated by the side number and proportional size of the circle. 
Figure 3 shows that disciplinary agency was centered on group member Alpha with the pcMEL, and 
this changed to more equal distribution among all members with the baMEL. This may be indicative of 

Table 4. Discourse units (turns) by group member.

Group Member

Scaffold

pcMEL baMEL

Disciplinary agency
Alpha 128 24
Beta 47 58
Gamma 32 22

Learning agency
Alpha 108 55
Beta 48 109
Gamma 23 36

Figure 3. Social network analysis of disciplinary agency for the (a) fracking pre-constructed MEL and (b) the fossils build-a-MEL. 
Arrows indicate directionality and number turns (expressed quantitatively as relative arrow weight). Group members are shown as 
circles, with centrality parameter indicated by the side number and proportional size of the circle.
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more collective disciplinary agency during the baMEL activity. Figure 4 shows that learning agency 
was likewise centered on group member Alpha with the pcMEL but switched to group member Beta 
with the baMEL. This may be indicative of a transfer of agency from one group member (Alpha) to 
another (Beta) between the pcMEL and baMEL, respectively.

Integration of qualitative and quantitative findings

We next expanded the analysis by integrating the discourse analysis and SNA. We specifically 
considered patterns of social interaction and attempted to explain the patterns we found in terms of 
agency. We interpreted how the qualitative data in the form of small group discussions explained 
differences in the nature of discussions when using the pcMEL and the baMEL as visualized in 
the SNA.

Relations between disciplinary and learning agency
We considered correspondences of some of the codes in our qualitative analysis. First, we noticed that 
participants from one representative group generally engaged in back-and-forth conversations, often 
analyzing the reliability and validity of evidence. For example, discourse around the validity of 
evidence tended to demonstrate disciplinary agency via epistemic operations of describing, identify
ing, defining, explaining, and/or recalling evidence followed by questioning, then responses related to 
reasoning, predicting, and/or justifying, and concluded by evaluating. For example, in one group 
a participant said, “Here it [a line of evidence] talks about earthquakes and stress. This is the color of it 
[participant pointing to a stress line on a figure]. But they talk about it with fracking.” Another group 
member then asked, “Yeah, but like stress, doesn’t stress?” Then the original participant said, “This 
[line of evidence] could be for this [explanatory model]. This would not support this [line of evidence] 
because this is talking about fracking.” Finally, the second group member evaluated the link connec
tion by stating, “So it [a line of evidence] has nothing to do with it [an alternative explanatory model].”

Learning agency often emerged in the middle or the end of the conversations focusing on validity. 
For example, and from the representative group conversation above, the first member began to exert 
learning agency via taking leadership/lead role in the learning task. This leadership then supported 

Figure 4. Social network analysis of learning agency for the (a) fracking pre-constructed MEL and (b) the fossils build-a-MEL. Arrows 
indicate directionality and number turns (expressed quantitatively as relative arrow weight). Group members are shown as circles, 
with centrality parameter indicated by the side number and proportional size of the circle.
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the second student’s learning agency to monitor the group’s understanding and achievement of 
learning goals. At the end of this exchange, an agreement was reached as one textual evidence seemed 
to have sufficient probity to establish validity of a particular evidence to model connection. This 
suggested that disciplinary agency contributed to learning agency within the group, with leadership 
established and learning monitored once sufficient agency was manifested in participants’ disciplin
ary moves (i.e., scientific discourse via epistemic operations) within the context of the scaffolded task.

There was an exception to this common sequence (i.e., where disciplinary agency preceded learning 
agency). At the start of the group work, learning agency was often expressed. For example, at the 
beginning of the discussion, one student participant said “Ok guys we have to work! Ok I think we 
should use Model A and C.” Such examples happened at the start of each episode for almost all the 
groups, regardless of the scaffold.

Individual and collective agency
Our qualitative analysis suggested agency changes between the pcMEL and baMEL. For example, in 
almost all groups, one participant had a much greater frequency of discourse units expressing his or 
her disciplinary and learning agency during the pcMEL, which could be interpreted as a more 
leadership and managerial stance (i.e., using epistemic operations to help the other group members 
successfully complete the pcMEL). However, this individual often shifted toward a secondary role 
during the baMEL, allowing another participant to assume the role of leader and manager. It was 
also interesting that many groups had more evenly distributed expressions of disciplinary agency 
during the baMEL, suggesting more collective agency in use of epistemic operations, with shift in 
learning agency between group members and suggesting a transfer of the leader and managerial 
role. This may have indicated that one group member modeled use of epistemic operations during 
the pcMEL, with the rest of the group then using this as a role model, which may have increased 
and shifted disciplinary agency during the baMEL. By modeling in the pcMEL, this one participant 
may have been able to relax in the expressions of learning agency during the baMEL, allowing 
another group member to assume the leader and managerial role. This also supports the notion 
above that there may be a relation between disciplinary and learning agency in scaffolded science 
tasks.

Discussion

The aim of this study was to examine differences in group members’ expressions of epistemic and 
learning agency when engaging instructional scaffolding designed to facilitate scientific evaluations 
about connections between lines of evidence and alternative explanatory models of geological 
phenomena. We specifically investigated differences in two types of MEL scaffolds: the fracking 
pcMEL, which is less autonomy-supportive, and the fossils baMEL, which is more autonomy 
supportive. The present study was part of a 6-year project, which includes both qualitative and 
quantitative data collection. In previous studies that used quantitative data analysis methods only, 
there was some evidence that the baMEL resulted in more scientific evaluations and deeper science 
understanding than the pcMEL, although both scaffolds demonstrate robust performance (medium 
to large effect sizes after only about 90 minutes of instruction during each scaffold; Bailey et al., 
2022; Dobaria et al., 2022; Klavon et al., 2022; Medrano et al., 2020). In the present study, we used 
a sequential mixed methods design to examine at greater depth the nature of these earlier quanti
tative results in terms of participating students’ disciplinary and learning agency (McCrudden et al., 
2019).

In our study design, we first coded transcripts from large amounts of audio data collected during 
participants’ group work and analyzed these data qualitatively using a content analysis focusing on 
theoretical frameworks supporting both types of agency. We then used these codes to quantitatively 
construct SNAs to infer changes in discourse and agency patterns among the group members. When 
integrating the qualitative and quantitative methods, we thought about how the different analyses 
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were connecting together McCrudden et al., (2019). For example, the quantitative SNA connected to 
the results of the qualitative coding via frequency counts and centrality calculations. Similarly, we 
built on what we were seeing in the content analysis (distribution of agency among the group 
participants) to the omnibus participant assignments using the Alpha, Beta, and Gamma designa
tions. In interpreting how the results integrated, both the qualitative and quantitative analyses 
suggest that there was meaningful change from more individual disciplinary agency in the pcMEL 
to more collective disciplinary agency in the baMEL. Changes in learning agency seemed to be 
different, with a shift from Alpha to Beta group members when going from the pcMEL to the 
baMEL. Even though the style of change may have been different, the results also suggested that 
when disciplinary agency preceded learning agency, group members exhibited discourse episodes 
deeply analyzing the validity of connections between lines of scientific evidence and explanations. 
Thus, it could be that increased comfort with disciplinary agency may allow students to share 
leadership aspects of learning agency. We speculate that these changes in agency structure may be 
a reason for earlier quantitative results suggesting an advantage of the baMEL (i.e., more scientific 
evaluations and judgments and deeper knowledge) over the pcMEL (Bailey et al., 2022; Dobaria 
et al., 2022; Klavon et al., 2022; Medrano et al., 2020).

Governor et al. (2021) had somewhat complementary findings when analyzing a preservice teacher 
group using the climate change pcMEL and extreme weather baMEL. In their qualitative study, 
Governor et al. used systemic functional linguistics, a very fine-grained and robust approach to 
analyze group discourse among undergraduate, preservice teachers using the MEL diagrams. These 
researchers found that preservice teachers’ engagement in negotiation during scientific argumentation 
promoted productive assertions about relations between evidence and models, and negotiation toward 
consensus decisions. Further, such consensus decisions indicated greater depth of knowledge about 
climate phenomena.

Limitations and future directions

We designed the present study to be rich in context, both in setting (in situ classroom learning) and 
topic (complex and potentially controversial geological phenomena). There are certainly advantages to 
seeking such richness in educational and psychological research, but there are also associated 
limitations.

The present study was limited by the context of the science topics. Each scaffold featured a different 
geology topic, with the pcMEL covering the relations between hydraulic fracturing and earthquakes 
and the baMEL covering the validity of using fossil evidence to infer past surface and climate 
processes. As a science topic, fossils are commonly found in many places and may be covered in 
primary grades instruction (NGSS Lead States, 2013). Contrastingly, fracking and earthquake con
nections are a more regional phenomenon (e.g., the Midwestern United States), with human impacts 
and seismicity not generally covered until secondary grades instruction (NGSS Lead States, 2013). Our 
intent in the present study was to compare disciplinary and learning agency between two types of 
instructional scaffolds, but we acknowledge that topic difference and the influence of this difference, 
such as background knowledge, may have influenced the different expressions of agency and networks 
of discourse (McCarthy & McNamara, 2021). It was also not possible to blind the coders to condition 
(pcMEL vs. baMEL) because of the topic-specific nature of the discourse. Although we were vigilant 
during our rigorous coding and checking process, we do acknowledge that there may have been some 
implicit nudging toward hypothesized effects.

The participants experienced these scaffolds in a sequence, using the pcMEL first and the 
baMEL second. This order of the treatment may have influenced the results; however, there was 
a 5-week delay with a holiday break between the pcMEL and baMEL, which might have mitigated this 
ordering effect. Regardless, it is likely that practicing with the pcMEL influenced performance on the 
baMEL. The results of the present study aligned with previous quantitative comparisons, with 
appropriate statistical controls accounting for activity ordering. We acknowledge this as 
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a potentially serious limitation, and we are duly cautious about results from these previous studies as 
well as the present study and suggest that additional research examining a broader range of science 
topics (see, for example, Bae & Debusk-Lane, 2019; Bae et al., 2021) may be warranted to better 
understand the link between students’ agentic engagement and the science learning. For example, 
future studies could incorporate a quasi-experimental design, counter-balancing by condition and 
time to more gauge differences between the two scaffold forms. Future studies could also investigate 
the occurrence frequency of different categories of disciplinary and learning agency using 
a comparison of each code across the pcMEL and baMEL.

Conclusions

Research suggests that increased student engagement and agency may help promote science learning 
(Bae et al., 2021; Grabau & Ma, 2017; Lee et al., 2016). However, deepening students’ disciplinary and 
learning agency may require the appropriate instructional scaffolds to facilitate more scientific 
evaluations about the connections between lines of evidence and alternative explanations about 
a phenomenon. The present study, which was an in-depth mixed methods investigation comparing 
the effectiveness of two such scaffolds, the pcMEL and baMEL, provided some initial and tentative 
evidence of discourse reflecting middle school students’ agency to complete such a scientific task. 
Although we approach our conclusions with caution, the more autonomy-supportive task (baMEL) 
resulted in greater collective disciplinary agency (i.e., agency to construct knowledge scientifically) and 
learning agency (i.e., agency to facilitate individual and peer learning) than the less autonomy- 
supportive task (pcMEL). Current methods of teaching science are often teacher-centered, with little 
room for students to think critically about the validity of evidence and the plausibility of alternative 
claims, and could limit students’ agency to engage in the scientific enterprise (Lombardi et al., 2021). 
However, based on the results of the present study, we suggest that the MEL scaffolds may be one of 
many effective autonomy-supportive tools that facilitate students’ socioscientific learning (see also, for 
example, Bohn-Gettler & McCrudden, 2021; Darner, 2019; Dauer et al., 2021; Nussbaum, 2021). 
Engaging students in more autonomy-supportive learning may help them to productively and actively 
participate in a more civically minded and inclusive society, where all play a more beneficial role in 
democratic and scientific decision-making.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This research was funded, in part, by the U.S. National Science Foundation (Grant Nos. 1721041 and 2027376).

ORCID

Doug Lombardi http://orcid.org/0000-0002-4172-318X

References

Bachelard, G. (1968). The philosophy of no: A philosophy of the new scientific mind. The Orion Press.
Bae, C. L., & DeBusk-Lane, M. (2019). Middle school engagement profiles: Implications for motivation and achievement 

in science. Learning and Individual Differences, 74, 101753. https://doi.org/10.1016/j.lindif.2019.101753 
Bae, C. L., Mills, D. C., Zhang, F., Sealy, M., Cabrera, L., & Sea, M. (2021). A systematic review of science discourse in K– 

12 urban classrooms in the United States: Accounting for individual, collective, and contextual factors. Review of 
Educational Research, 91(6), 831–877. https://doi.org/10.3102/00346543211042415 

396 LOMBARDI ET AL.

https://doi.org/10.1016/j.lindif.2019.101753
https://doi.org/10.3102/00346543211042415


Bailey, J. M., Jamani, S., Klavon, T. G., Jaffe, J., & Mohan, S. (2022). Climate crisis learning through scaffolded 
instructional tools. The Educational and Developmental Psychologist, 39(1), 85–99. https://doi.org/10.1080/ 
20590776.2021.1997065 

Bandura, A. (2001). Social cognitive theory: An agentic perspective. Annual Review of Psychology, 52(1), 1–26. https:// 
doi.org/10.1146/annurev.psych.52.1.1 

Barnett, E. A. (2011). Validation experiences and persistence among community college students. The Review of Higher 
Education, 34(2), 193–230. https://doi.org/10.1353/rhe.2010.0019 

Barzilai, S., & Ka’adan, I. (2017). Learning to integrate divergent information sources: The interplay of epistemic 
cognition and epistemic metacognition. Metacognition and Learning, 12(2), 193–232. https://doi.org/10.1007/ 
s11409-016-9165-7 

Bastian, M., Heymann, S., & Jacomy, M. (2009). Gephi: An open source software for exploring and manipulating 
networks. Icwsm, 8, 361–362.

Bergin, D. A. (2016). Social influences on interest. Educational Psychologist, 51(1), 7–22. https://doi.org/10.1080/ 
00461520.2015.1133306 

Bohn-Gettler, C. M., & McCrudden, M. T. (2021). Effects of emotions, topic beliefs, and task instructions on the 
processing and memory for a dual-position text. Discourse Processes. 59(1–2), 1–24. https://doi.org/10.1080/ 
0163853X.2021.1918965 

Borgatti, S. P., & Ofem, B. (2010). Overview: Social network theory and analysis. In A. J. Daly (Ed.), The ties of change: 
Social network theory and application in education (pp. 17–30). Harvard Education Press.

Brown, B. A., & Spang, E. (2008). Double talk: Synthesizing everyday and science language in the classroom. Science 
Education, 92(4), 708–732. https://doi.org/10.1002/sce.20251 

Burt, R. S. (1978). Applied network analysis: An overview. Sociological Methods & Research, 7(2), 123–130. https://doi. 
org/10.1177/004912417800700201 

Carolan, B. V. (2014). Social network analysis and education: Theory, methods & applications. Sage.
Chi, M. T. H. (2005). Common sense conceptions of emergent processes: Why some misconceptions are robust. Journal 

of the Learning Sciences, 14, 161–199.
Chi, M. T. H., Adams, J., Bogusch, E. B., Bruchok, C., Kang, S., Lancaster, M., Levy, R., Li, N., McEldoon, K. L., 

Stump, G. S., Wylie, R., Xu, D., & Yaghmourian, D. L. (2018). Translating the ICAP theory of cognitive engagement 
into practice. Cognitive Science, 42(6), 1777–1832. https://doi.org/10.1111/cogs.12626 

Christodoulou, A., & Osborne, J. (2014). The science classroom as a site of epistemic talk: A case study of a teacher’s 
attempts to teach science based on argument. Journal of Research in Science Teaching, 51(10), 1275–1300. https://doi. 
org/10.1002/tea.21166 

Code, J. (2020, February). Agency for learning: Intention, motivation, self-efficacy and self-regulation. Frontiers in 
Education, 5(19), 1–15. https://doi.org/10.3389/feduc.2020.00019 

Collie, R. J., Granziera, H., & Martin, A. J. (2018). Teachers’ perceived autonomy support and adaptability: An 
investigation employing the job demands resources model as relevant to workplace exhaustion, disengagement, 
and commitment. Teaching and Teacher Education, 74, 125–136. https://doi.org/10.1016/j.tate.2018.04.015 

Collie, R. J., & Martin, A. J. (2020). Autonomy-supportive leadership practices for equity and excellence. Australian 
Educational Leader, 42(3), 35–38. https://search.informit.org/doi/abs/10.3316/informit.602087218892669 

Dahlstrom, M. F. (2014). Using narratives and storytelling to communicate science with nonexpert audiences. 
Proceedings of the National Academy of Sciences of the United States of America, 111, 13614–13620. https://doi. 
org/10.1073/pnas.1320645111 

Darner, R. (2019). How can educators confront science denial? Educational Researcher, 48(4), 229–238. https://doi.org/ 
10.3102/0013189X19849415 

Dauer, J. M., Sorensen, A. E., & Wilson, J. (2021, May). Students’ civic engagement self-efficacy varies across socio
scientific issues contexts. Frontiers in Education, 6(154), 1–15. https://doi.org/10.3389/feduc.2021.628784 

Dawson, V., & Carson, K. (2020). Introducing argumentation about climate change socioscientific issues in 
a disadvantaged school. Research in Science Education, 50(3), 863–883. https://doi.org/10.1007/s11165-018-9715-x 

Dobaria, A., Bailey, J. M., Klavon, T. G., & Lombardi, D. (2022, in review). Students’ scientific evaluation of astronomical 
origins. Astronomy Education Journal.

Engle, R. A., & Conant, F. R. (2002). Guiding principles for fostering productive disciplinary engagement: Explaining an 
emergent argument in a community of learners classroom. Cognition and Instruction, 20(4), 399–483. https://doi.org/ 
10.1207/S1532690XCI2004_1 

Geiger, N., Swim, J. K., Fraser, J., & Flinner, K. (2017). Catalyzing public engagement with climate change through 
informal science learning centers. Science Communication, 39(2), 221–249. https://doi.org/10.1177/ 
1075547017697980 

Governor, D., Lombardi, D., & Duffield, C. (2021). Negotiations in scientific argumentation: An interpersonal analysis. 
Journal of Research in Science Teaching, 58(9), 1389–1424. https://doi.org/10.1002/tea.21713 

Governor, D., Strickland, K., & Bailey, J. M. (2020). Climate changes of the past: Engaging in evidence-based 
argumentation. The Earth Scientist, 36(3), 13–17. https://www.nestanet.org/resources/Documents/Advocacy/TES/ 
2015-2020/Fall20.pdf 

DISCOURSE PROCESSES 397

https://doi.org/10.1080/20590776.2021.1997065
https://doi.org/10.1080/20590776.2021.1997065
https://doi.org/10.1146/annurev.psych.52.1.1
https://doi.org/10.1146/annurev.psych.52.1.1
https://doi.org/10.1353/rhe.2010.0019
https://doi.org/10.1007/s11409-016-9165-7
https://doi.org/10.1007/s11409-016-9165-7
https://doi.org/10.1080/00461520.2015.1133306
https://doi.org/10.1080/00461520.2015.1133306
https://doi.org/10.1080/0163853X.2021.1918965
https://doi.org/10.1080/0163853X.2021.1918965
https://doi.org/10.1002/sce.20251
https://doi.org/10.1177/004912417800700201
https://doi.org/10.1177/004912417800700201
https://doi.org/10.1111/cogs.12626
https://doi.org/10.1002/tea.21166
https://doi.org/10.1002/tea.21166
https://doi.org/10.3389/feduc.2020.00019
https://doi.org/10.1016/j.tate.2018.04.015
https://search.informit.org/doi/abs/10.3316/informit.602087218892669
https://doi.org/10.1073/pnas.1320645111
https://doi.org/10.1073/pnas.1320645111
https://doi.org/10.3102/0013189X19849415
https://doi.org/10.3102/0013189X19849415
https://doi.org/10.3389/feduc.2021.628784
https://doi.org/10.1007/s11165-018-9715-x
https://doi.org/10.1207/S1532690XCI2004_1
https://doi.org/10.1207/S1532690XCI2004_1
https://doi.org/10.1177/1075547017697980
https://doi.org/10.1177/1075547017697980
https://doi.org/10.1002/tea.21713
https://www.nestanet.org/resources/Documents/Advocacy/TES/2015-2020/Fall20.pdf
https://www.nestanet.org/resources/Documents/Advocacy/TES/2015-2020/Fall20.pdf


Grabau, L. J., & Ma, X. (2017). Science engagement and science achievement in the context of science instruction: 
A multilevel analysis of US students and schools. International Journal of Science Education, 39(8), 1045–1068. 
https://doi.org/10.1080/09500693.2017.1313468 

Greene, J. A., Anderson, J. L., O’Malley, C. E., & Lobczowksi, N. G. (2018). Fostering self-regulated science inquiry in 
physical sciences. In M. K. DiBenedetto (Ed.), Connecting self-regulated learning and performance with instruction 
across high school content areas (pp. 163–183). Springer International Publishing. https://doi.org/10.1007/978-3-319- 
90928-8_6 

Harwell, M., & LeBeau, B. (2010). Student eligibility for a free lunch as an SES measure in education research. 
Educational Researcher, 39(2), 120–131. https://doi.org/10.3102/0013189X10362578 

Hennessy, S., Howe, C., Mercer, N., & Vrikki, M. (2020). Coding classroom dialogue: Methodological considerations for 
researchers. Learning, Culture and Social Interaction, 25, 100404. https://doi.org/10.1016/j.lcsi.2020.100404 

Heyd-Metzuyanim, E., & Schwarz, B. B. (2017). Conceptual change within dyadic interactions: The dance of conceptual 
and material agency. Instructional Science, 45(5), 645–677. https://doi.org/10.1007/s11251-017-9419-z 

Hopkins, J. D., Crones, P., Burrell, S., Bailey, J. M., & Lombardi, D. (2016). Evaluating the connections between fracking 
and earthquakes. The Earth Scientist, 32(2), 23–30. https://www.nestanet.org/resources/Documents/Advocacy/TES/ 
2015-2020/Summer16.pdf 

Hsieh, H. F., & Shannon, S. E. (2005). Three approaches to qualitative content analysis. Qualitative Health Research, 15 
(9), 1277–1288. https://doi.org/10.1177/1049732305276687 

Khishfe, R., Alshaya, F. S., BouJaoude, S., Mansour, N., & Alrudiyan, K. I. (2017). Students’ understandings of nature of 
science and their arguments in the context of four socio-scientific issues. International Journal of Science Education, 
39(3), 299–334. https://doi.org/10.1080/09500693.2017.1280741 

Kind, P., & Osborne, J. (2017). Styles of scientific reasoning: A cultural rationale for science education?. Science 
Education, 101, 8–31. https://doi.org/10.1002/sce.21251 

Klavon, T. G., Mohan, S., Jaffe, J. B., Stogianos, T., Lombardi, D., & Governor, D. (2022, in review). Scaffolding middle 
students’ reasoning and learning about complex geoscience topics: Hydraulic fracturing and fossil evidence. Journal 
of Geoscience Education.

Kumar, R., Zusho, A., & Bondie, R. (2018). Weaving cultural relevance and achievement motivation into inclusive 
classroom cultures. Educational Psychologist, 53(2), 78–96. https://doi.org/10.1080/00461520.2018.1432361 

Lee, C. S., Hayes, K. N., Seitz, J., DiStefano, R., & O’Connor, D. (2016). Understanding motivational structures that 
differentially predict engagement and achievement in middle school science. International Journal of Science 
Education, 38(2), 192–215. https://doi.org/10.1080/09500693.2015.1136452 

Lombardi, D., Bailey, J. M., Bickel, E. S., & Burrell, S. (2018a). Scaffolding scientific thinking: Students’ evaluations and 
judgments during earth science knowledge construction. Contemporary Educational Psychology, 54, 184–198. https:// 
doi.org/10.1016/j.cedpsych.2018.06.008 

Lombardi, D., & Bailey, J. M. (2020). Science strategy interventions. In D. L. Dinsmore, L. K. Fryer, & M. M. Parkinson 
(Eds.), Handbook of strategies and strategic processing: Conceptualization, intervention, measurement, and analysis 
(pp. 177–194). Routledge. https://doi.org/10.4324/9780429423635-11 

Lombardi, D., Bickel, E. S., Bailey, J. M., & Burrell, S. (2018b). High school students’ evaluations, plausibility (re) 
appraisals, and knowledge about topics in Earth science. Science Education, 102(1), 153–177. https://doi.org/10.1002/ 
sce.21315 

Lombardi, D., Heddy, B. C., & Matewos, A. M. (2020). Values, attitudes, and beliefs: Cognitive filters shaping integration 
of multiple representations and multiple perspectives. In P. Van Meter, A. List, D. Lombardi, & P. Kendeou (Eds.), 
Handbook of learning from multiple representations and perspectives (pp. 329–345). Routledge. https://doi.org/10. 
4324/9780429443961-20 

Lombardi, D., Nussbaum, E. M., & Sinatra, G. M. (2016). Plausibility judgments in conceptual change and epistemic 
cognition. Educational Psychologist, 51(1), 35–56. https://doi.org/10.1080/00461520.2015.1113134 

Lombardi, D., & Shipley, T. F., Astronomy Team, Biology Team, Chemistry, Engineering Team, Geography Team, 
Geoscience Team, & Physics Team. (2021). The curious construct of active learning. Psychological Science in the 
Public Interest, 22 (1), 8–43. https://doi.org/10.1177/1529100620973974 

Lombardi, D., Sinatra, G. M., & Nussbaum, E. M. (2013a). Plausibility reappraisals and shifts in middle school students’ 
climate change conceptions. Learning and Instruction, 27, 50–62. https://doi.org/10.1016/j.learninstruc.2013.03.001 

McCarthy, K. S., & McNamara, D. S. (2021). The multidimensional knowledge in text comprehension framework. 
Educational Psychologist, 56(3), 196–214. https://doi.org/10.1080/00461520.2021.1872379 

McCrudden, M. T., Huynh, L., Lyu, B., & Kulikovich, J. M. (2021a). Bridging inferences and learning from multiple 
complementary texts. Discourse Processes, 58(5/6), 529–548. https://doi.org/10.1080/0163853X.2021.1924586 

McCrudden, M. T., Marchand, G., & Schutz, P. (2019). Mixed methods in educational psychology inquiry. 
Contemporary Educational Psychology, 57, 1–8. https://doi.org/10.1016/j.cedpsych.2019.01.008 

McCrudden, M. T., Marchand, G., & Schutz, P. A. (2021b). Joint displays for mixed methods research in psychology. 
Methods in Psychology, 5, 100067. https://doi.org/10.1016/j.metip.2021.100067 

Medrano, J., Jaffe, J., Lombardi, D., Holzer, M. A., & Roemmele, C. (2020). Students’ scientific evaluations of water 
resources. Water, 12(7), 2048. https://doi.org/10.3390/w12072048 

398 LOMBARDI ET AL.

https://doi.org/10.1080/09500693.2017.1313468
https://doi.org/10.1007/978-3-319-90928-8_6
https://doi.org/10.1007/978-3-319-90928-8_6
https://doi.org/10.3102/0013189X10362578
https://doi.org/10.1016/j.lcsi.2020.100404
https://doi.org/10.1007/s11251-017-9419-z
https://www.nestanet.org/resources/Documents/Advocacy/TES/2015-2020/Summer16.pdf
https://www.nestanet.org/resources/Documents/Advocacy/TES/2015-2020/Summer16.pdf
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1080/09500693.2017.1280741
https://doi.org/10.1002/sce.21251
https://doi.org/10.1080/00461520.2018.1432361
https://doi.org/10.1080/09500693.2015.1136452
https://doi.org/10.1016/j.cedpsych.2018.06.008
https://doi.org/10.1016/j.cedpsych.2018.06.008
https://doi.org/10.4324/9780429423635-11
https://doi.org/10.1002/sce.21315
https://doi.org/10.1002/sce.21315
https://doi.org/10.4324/9780429443961-20
https://doi.org/10.4324/9780429443961-20
https://doi.org/10.1080/00461520.2015.1113134
https://doi.org/10.1177/1529100620973974
https://doi.org/10.1016/j.learninstruc.2013.03.001
https://doi.org/10.1080/00461520.2021.1872379
https://doi.org/10.1080/0163853X.2021.1924586
https://doi.org/10.1016/j.cedpsych.2019.01.008
https://doi.org/10.1016/j.metip.2021.100067
https://doi.org/10.3390/w12072048


Miller, J. G., Goyal, N., & Wice, M. (2017). A cultural psychology of agency: Morality, motivation, and reciprocity. 
Perspectives on Psychological Science, 12(5), 867–875. https://doi.org/10.1177%2F1745691617706099 

Miller, E., Manz, E., Russ, R., Stroupe, D., & Berland, L. (2018). Addressing the epistemic elephant in the room: 
Epistemic agency and the next generation science standards. Journal of Research in Science Teaching, 55(7), 
1053–1075. https://doi.org/10.1002/tea.21459 

Moolenaar, N. M. (2012). A social network perspective on teacher collaboration in schools: Theory, methodology, and 
applications. American Journal of Education, 119(1), 7–39. https://doi.org/10.1086/667715 

National Academies of Sciences, Engineering, and Medicine. (2020). Teaching K-12 science and engineering during 
a crisis. The National Academies, Press. https://doi.org/10.17226/25909 

National Research Council. (2012). A framework for K-12 science education: Practices, crosscutting concepts, and core 
ideas. The National Academies Press. https://doi.org/10.17226/13165 

Nesbit, J., Niu, H., & Liu, Q. (2019). Cognitive tools for scaffolding argumentation: Maximizing student engagement, 
motivation, and learning. In O. Adesope & A. Rud (Eds.), Contemporary technologies in education (pp. 97–117). 
Palgrave Macmillan.

NGSS Lead States. (2013). Next generation science standards: For states, by states. The National Academies Press. https:// 
doi.org/10.17226/18290 

Nussbaum, E. M. (2021). Critical integrative argumentation: Toward complexity in students’ thinking. Educational 
Psychologist, 56(1), 1–17. https://doi.org/10.1080/00461520.2020.1845173 

Nussbaum, E. M., & Asterhan, C. S. C. (2016). The psychology of far transfer from classroom argumentation. In 
J. Woods (Series Ed.), Studies in Logic & Argumentation. F. Paglieri, L. Bonelli, & S. Felletti Eds., The psychology of 
argumentation: Cognitive approaches to argumentation and persuasion, 407–423. College Publications.

Owens, D. C., Sadler, T. D., & Zeidler, D. L. (2018, January 23). Controversial issues in the science classroom. Phi Delta 
Kappan, 99 (4), 45–49. https://kappanonline.org/owens-controversial-issues-science-classroom/ 

Patall, E. A., Cooper, H., & Wynn, S. R. (2010). The effectiveness and relative importance of choice in the classroom. 
Journal of Educational Psychology, 102(4), 896–915. https://psycnet.apa.org/doi/10.1037/a0019545 

Patall, E. A., Pituch, K. A., Steingut, R. R., Vasquez, A. C., Yates, N., & Kennedy, A. A. (2019). Agency and high school 
science students’ motivation, engagement, and classroom support experiences. Journal of Applied Developmental 
Psychology, 62, 77–92. https://doi.org/10.1016/j.appdev.2019.01.004 

Pea, R. D. (2004). The social and technological dimensions of scaffolding and related theoretical concepts for learning, 
education, and human activity. The Journal of the Learning Sciences, 13(3), 423–451. https://doi.org/10.1207/ 
s15327809jls1303_6 

Perkins, D. N., & Grotzer, T. A. (2005). Dimensions of causal understanding: The role of complex causal models in 
students’ understanding of science. Studies in Science Education, 41, 117–165. https://doi.org/10.1080/ 
03057260508560216 

Philip, T. M., Gupta, A., Elby, A., & Turpen, C. (2018). Why ideology matters for learning: A case of ideological 
convergence in an engineering ethics classroom discussion on drone warfare. Journal of the Learning Sciences, 27(2), 
183–223. https://doi.org/10.1080/10508406.2017.1381964 

Pickering, A. (2010). The mangle of practice. University of Chicago Press.
Pugh, K. J. (2011). Transformative experience: An integrative construct in the spirit of Deweyan pragmatism. 

Educational Psychologist, 46(2), 107–121. https://doi.org/10.1080/00461520.2011.558817 
Raelin, J. A. (2016). Imagine there are no leaders: Reframing leadership as collaborative agency. Leadership, 12(2), 

131–158. https://doi.org/10.1177/1742715014558076 
Reeve, J., Cheon, S. H., & Yu, T. H. (2020). An autonomy-supportive intervention to develop students’ resilience by 

boosting agentic engagement. International Journal of Behavioral Development, 44(4), 325–338. https://doi.org/10. 
1177/0165025420911103 

Reeve, J., & Shin, S. H. (2020). How teachers can support students’ agentic engagement. Theory into Practice, 59(2), 150– 
161. https://doi.org/10.1080/ 00405841.2019.1702451 

Renninger, K. A., & Bachrach, J. E. (2015). Studying triggers for interest and engagement using observational methods. 
Educational Psychologist, 50(1), 58–69. https://doi.org/10.1080/00461520.2014.999920 

Rogat, T. K., & Linnenbrink-Garcia, L. (2019). Demonstrating competence within one’s group or in relation to other 
groups: A person-oriented approach to studying achievement goals in small groups. Contemporary Educational 
Psychology, 59, 101781. https://doi.org/10.1016/j.cedpsych.2019.101781 

Roth, W. M. (1999). Discourse and agency in school science laboratories. Discourse Processes, 28(1), 27–60. https://doi. 
org/10.1080/01638539909545068 

Ryan, R. M., & Deci, E. L. (2017). Self-determination theory: Basic psychological needs in motivation, development, and 
wellness. Guilford Press.

Ryu, S., & Lombardi, D. (2015). Coding classroom interactions for collective and individual engagement. Educational 
Psychologist, 50(1), 70–83. https://doi.org/10.1080/00461520.2014.1001891 

Sandoval, W. A., Enyedy, N., Redman, E. H., & Xiao, S. (2019). Organising a culture of argumentation in elementary 
science. International Journal of Science Education, 41(13), 1848–1869. https://doi.org/10.1080/09500693.2019.1641856 

DISCOURSE PROCESSES 399

https://doi.org/10.1177%2F1745691617706099
https://doi.org/10.1002/tea.21459
https://doi.org/10.1086/667715
https://doi.org/10.17226/25909
https://doi.org/10.17226/13165
https://doi.org/10.17226/18290
https://doi.org/10.17226/18290
https://doi.org/10.1080/00461520.2020.1845173
https://kappanonline.org/owens-controversial-issues-science-classroom/
https://psycnet.apa.org/doi/10.1037/a0019545
https://doi.org/10.1016/j.appdev.2019.01.004
https://doi.org/10.1207/s15327809jls1303_6
https://doi.org/10.1207/s15327809jls1303_6
https://doi.org/10.1080/03057260508560216
https://doi.org/10.1080/03057260508560216
https://doi.org/10.1080/10508406.2017.1381964
https://doi.org/10.1080/00461520.2011.558817
https://doi.org/10.1177/1742715014558076
https://doi.org/10.1177/0165025420911103
https://doi.org/10.1177/0165025420911103
https://doi.org/10.1080/%26#x00A0;00405841.2019.1702451
https://doi.org/10.1080/00461520.2014.999920
https://doi.org/10.1016/j.cedpsych.2019.101781
https://doi.org/10.1080/01638539909545068
https://doi.org/10.1080/01638539909545068
https://doi.org/10.1080/00461520.2014.1001891
https://doi.org/10.1080/09500693.2019.1641856


Sinatra, G. M., Heddy, B. C., & Lombardi, D. (2015). The challenges of defining and measuring student engagement in 
science. Educational Psychologist, 50(1), 1–13. https://doi.org/10.1080/00461520.2014.1002924 

Stroupe, D. (2014). Examining classroom science practice communities: How teachers and students negotiate epistemic 
agency and learn science-as-practice. Science Education, 98(3), 487–516. https://doi.org/10.1002/sce.21112 

Teddlie, C., & Tashakkori, A. (2009). Foundations of mixed methods research: Integrating quantitative and qualitative 
approaches in the social and behavioral sciences. Sage.

Trabasso, T., & Magliano, J. P. (1996). Conscious understanding during comprehension. Discourse Processes, 21(3), 
255–287. https://doi.org/10.1080/01638539609544959 

Trabasso, T., & Wiley, J. (2005). Goal plans of action and inferences during comprehension of narratives. Discourse 
Processes, 39(2–3), 129–164. https://doi.org/10.1080/0163853X.2005.9651677 

U.S. Census Bureau. (2021). Quick facts. Retrieved from https://www.census.gov/quickfacts/ 
Valente, T. W. (2010). Social networks and health: Models, methods, and applications. Oxford University Press.
Vansteenkiste, M., Aelterman, N., De Muynck, G. J., Haerens, L., Patall, E., & Reeve, J. (2018). Fostering personal 

meaning and self-relevance: A self-determination theory perspective on internalization. The Journal of Experimental 
Education, 86(1), 30–49. https://doi.org/10.1080/00220973.2017.1381067 

Wagner, C. J., & Gonzalez-Howard, M. (2018). Studying discourse as social interaction: The potential of social network 
analysis for discourse studies. Educational Researcher, 47(6), 375–383. https://doi.org/10.3102/0013189X18777741 

Wasserman, S., & Faust, K. (1994). Social network analysis: Methods and applications. Cambridge University Press.
Wertgen, A. G., Richter, T., & Rouet, J. F. (2021). The role of source credibility in the validation of information depends 

on the degree of (im-) plausibility. Discourse Processes, 58(5/6), 513–528. https://doi.org/10.1080/0163853X.2021. 
1881342 

Wolfe, M. B., Tanner, S. M., & Taylor, A. R. (2013). Processing and representation of arguments in one-sided texts about 
disputed topics. Discourse Processes, 50(7), 457–497. https://doi.org/10.1080/0163853X.2013.828480 

Yamazumi, K. (2014). Beyond traditional school learning: Fostering agency and collective creativity in hybrid educa
tional activities. In A. Sannino & V. Ellis (Eds.), Learning and collective creativity (pp. 61–76). Routledge.

400 LOMBARDI ET AL.

https://doi.org/10.1080/00461520.2014.1002924
https://doi.org/10.1002/sce.21112
https://doi.org/10.1080/01638539609544959
https://doi.org/10.1080/0163853X.2005.9651677
https://www.census.gov/quickfacts/
https://doi.org/10.1080/00220973.2017.1381067
https://doi.org/10.3102/0013189X18777741
https://doi.org/10.1080/0163853X.2021.1881342
https://doi.org/10.1080/0163853X.2021.1881342
https://doi.org/10.1080/0163853X.2013.828480

	Abstract
	Introduction
	Theoretical framework
	Agency and learning
	Agency and scientific discourse
	Visualizing agency through social networks
	Present study
	Methods
	Participants and context
	Data sources and collection
	Study design
	Qualitative data analysis
	Disciplinary agency coding
	Learning agency coding

	Quantitative data analysis

	Results
	Qualitative findings
	Quantitative findings
	Integration of qualitative and quantitative findings
	Relations between disciplinary and learning agency
	Individual and collective agency


	Discussion
	Limitations and future directions
	Conclusions
	Disclosure statement
	Funding
	ORCID
	References

