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This article describes the outcomes of using a scaffolded set of 
two digital, simulation-based approaches to support secondary 
mathematics and science preservice teachers (PSTs) in learning 
to facilitate argumentation-focused discussions. The 
researchers investigated PST and teacher educator (TE) 
impressions of the experience and collected evidence of change 
in PSTs’ understanding of argumentation, beliefs, and skills in 
facilitating argumentation-focused discussions, working within 
mathematics and science methods across six institutions. PSTs 
and TEs endorsed future use of the approach. Pre/post 
improvement in beliefs was evident across quantitative and 
qualitative data sources. There was less clear evidence of 
improvement in understanding of argumentation, although 
understandings at both time points were aligned with the study’s 
vision. Evidence of improvement in skill was mixed with 
quantitative results showing no improvement and qualitative 
results showing evidence that PSTs and TEs believed PSTs’ skills 
had improved. 

 

 

 

This article describes the outcomes of using a digital, simulation-based 
approach to supporting secondary mathematics and science preservice 
teachers (PSTs) in learning how to facilitate argumentation-focused 
discussions. The approach used a set of tools called the Online Practice 
Suite (OPS) that consists of two scaffolded digital teaching simulations: 
first, a lower intensity written response format called Teacher 
Moments,and second, a higher intensity interactive format called Avatar-
Based Simulation. Similar studies have been conducted at the elementary 
level but have often relied on using a single simulation tool (e.g., Mikeska 
et al., 2023). A connected study on elementary-level PSTs who utilized the 
OPS found significant improvement in their ability to lead small and large 
group discussions, their beliefs about science and mathematics content 
teaching, and their feelings of overall preparedness (Mikeska et al., 2025). 

The present study shifted focus to secondary PSTs and addressed the 
insufficiency of empirical research on such approaches at the secondary 
level (Dieker et al., 2014; Gundel et al., 2019). We hypothesized that PSTs’ 
engagement in OPS would be closely linked to their learning and 
perception of the value of OPS and that their understanding of 
argumentation, beliefs, and ability to facilitate argumentation-focused 
discussions proficiently would improve (based on Chen et al., 2019; Faize 
et al., 2017; Luft et al., 2011; Mikeska et al., 2021; Pajares, 1992; Solar et 
al., 2021). We operationalized this focus in the following four research 
questions. 

1. What evidence is there that (a) PSTs perceived the scaffolded suite 
of simulations to be useful and that it contributed to their 
learning, and (b) teacher educators perceived that PSTs learned 
from the suite of simulations? 

2. What evidence is there of PSTs learning to better understand 
argumentation-based discussion? 
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3. What evidence is there of change in PSTs’ beliefs about content 
instruction and their preparedness to teach? 

4. What evidence is there of PSTs’ improvement in ability to facilitate 
argumentation-focused discussions? 

The unique contributions of this study include its focus on studying a 
scaffolded approach of using OPS at the middle school level (grades 6-8), 
where such tools are scant, and our efforts to design new instrumentation 
to measure learning. 

Literature Review 

We start with an overview of the literature to explain the field's perspective 
on the importance of involving K-12 students in argumentation and 
discuss the focal content areas. Then, we describe ways the ability of PSTs 
to lead argumentation-focused discussions may be influenced by their 
comprehension of argumentation, teaching skills, and personal beliefs. 
Finally, we discuss literature suggesting that PSTs’ ability to facilitate 
challenging teaching practices may be enhanced by their participation in 
approximations of practice (Grossman et al., 2009), such as digital 
simulations. 

Student Practice and Content 

Argumentation as a Student Practice in Mathematics and 
Science 

Argumentation is a core and effective content-learning practice for 
elementary (Arias et al., 2017; Fishman et al., 2017) and secondary 
(Conner et al., 2014; Osborne et al., 2013) students to enhance their 
understanding of scientific and mathematical phenomena (Bogar, 2019; 
Chen et al., 2019; Staples & Newton, 2016). Engaging in mathematical or 
scientific argumentation enables students to partake actively in the 
epistemic process while interacting dialogically with peers and teachers 
(Fishman et al., 2017; Ford, 2012). Argumentation entails social 
interactions (Berland & Reiser, 2009; Ford, 2008; Osborne & Patterson, 
2011) among students as they collaborate and exchange ideas with their 
peers, resulting in an enhanced understanding of scientific and 
mathematical concepts (Makar et al., 2015; Noviyanti et al., 2019; Staples 
& Newton, 2016; Tsai et al., 2015). 

The Next Generation Science Standards (NGSS Lead States, 2013) 
underscored the importance of “engaging in argument from evidence” as 
an essential scientific practice to understand the nature of science and 
construct scientific knowledge. Similarly, the Common Core State 
Standards (National Governors Association Center for Best Practices & 
Council of Chief State School Officers, 2010) emphasized students’ ability 
to “construct viable arguments and critique the reasoning of others” to 
enhance students' mathematical proficiency. 

In a classroom setting, engaging in scientific and mathematical 
argumentation is characterized by the assertion and defense of claims 
(Grooms et al., 2018; Norris et al., 2007; Noviyanti et al., 2019; Rumsey & 
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Langrall, 2016; Staples & Newton, 2016). Students employ scientific data 
(Arias et al., 2017; Duschl, 2008; Osborne & Patterson, 2011) and 
mathematical derivation (Hanna, 2000; Peretz, 2006; Singletary & 
Conner, 2015). In counterarguments, individuals evaluate and critique 
their peers’ claims, drawing on scientific justification (González‐Howard 
& McNeill, 2019; Sampson et al., 2013) and mathematical reasoning 
(Conner et al., 2014; Hoffman et al., 2009) to convince others. Disciplinary 
differences in how the argument is enacted within mathematics and 
science tend to reflect the nature of the argument; the use of data and 
evidence is more prominent in science, where mathematics focuses on 
logical justification. 

Across both disciplines, students may struggle to engage unless they 
understand the nature of argumentation (McDonald & Kelly, 2012; 
McNeill & Krajcik, 2007). As argumentation is a complex process 
encompassing structure and dialogic components, students often 
encounter challenges grasping its nature (Faize et al., 2017; Schwaighofer 
et al., 2017). For example, one study demonstrated that elementary 
students faced difficulties in decision-making, including when 
constructing evidence to support claims, amongst other practices (Choi et 
al., 2015). Students require guidance from teachers to understand the 
nature of argumentation and to improve their skills to engage in 
productive scientific and mathematical argumentation (Choi et al., 2015; 
Lampert & Cobb, 2003; Sampson et al., 2013). Argumentation is relevant 
across a wide range of topics in science and mathematics. Our study 
focuses on two, proportional reasoning and heat transfer, for middle 
school students (ages 11 to 14 in the United States school system). 

Mathematics Content: Proportional Reasoning 

Proportional reasoning is described as an important mathematical 
concept in middle school (Hilton et al., 2016; NGSS Lead States, 2013) and 
“consists of the ability to discern a multiplicative relationship between two 
quantities as well as the ability to extend the same relationship to other 
pairs of quantities” (Lamon, 2007, pp. 637–638). Proportional reasoners 
exhibit an intuitive grasp of covariation, enabling them to make 
meaningful comparisons among quantities (Fielding-Wells et al., 2014; 
Lesh et al., 1988). 

Recognizing covariance signifies a fundamental understanding of how the 
change in one quantity is related to the change in the other (Lamon, 
2007).Proportional reasoning is necessary to understand a variety of 
mathematical contexts, such as probabilistic contexts and measurement 
(Ayan & Isiksal-Bostan, 2019; Tizón-Escamilla & Burgos, 2023) and other 
subject areas like art, economics, geography, and science (Hilton & Hilton, 
2016; Howe et al., 2011). 

Science Content: Heat Transfer 

The concept of heat transfer is a fundamental topic for secondary science 
students’ learning, as it presents a critical scientific process that is 
essential in natural materials and advanced technology artifacts (Brown, 
2011; Hatzikraniotis et al., 2010; Herrmann‐Abell & DeBoer, 2018). To 
gain an understanding of how heat transfers between objects, one must 
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have knowledge of the relevant constructs (e.g., temperature, mass, and 
energy) and mechanisms (i.e., conduction, convection, and radiation) 
involved (Brown, 2011; Clary, 2017; Lubben et al., 1999; Widodo et al., 
2020). Understanding the principles of heat transfer is relevant from a 
scientific standpoint and has applications in daily life, such as cooking 
(Purnama et al., 2023; Widodo et al., 2020). 

Connecting Argumentation and Content 

Participating in argumentation-focused discussions not only engages 
students in disciplinary practice but also helps students make sense of key 
disciplinary concepts. Through argumentation, students can deepen their 
understanding of proportional reasoning or heat transfer as they share 
ideas with one another, make claims, support arguments with evidence 
and reasoning (science) or justification (mathematics), and engage in 
critique. This requires that the teacher has strong content knowledge 
(Batanero et al., 2014; Begolli et al., 2021; Keeley, 2012; Lee, 2014) and 
knows how to carefully facilitate a discussion focused on argumentation — 
a challenging teaching practice. 

Teacher Understanding, Pedagogical Skills, and Beliefs 
Related to Argumentation 

Teacher Understanding 

To facilitate productive argumentation, teachers must develop their 
epistemic understanding of the nature of argumentation (Charalambous, 
2015; Chen et al., 2019). The epistemic understanding of argumentation 
refers to knowing what, why, and how to argue to generate intended 
knowledge, which is tied to the specific content being discussed and the 
context in which the argument occurs (Chen et al., 2019). Teachers’ 
epistemic understanding of argumentation can be influenced by several 
key factors, including their prior knowledge, past experiences, alternative 
conceptions, and individual interpretations of specific ideas (see also 
Rudsberg et al., 2013). Hence, teachers’ content knowledge and 
understanding serve as a foundation for productive argumentation, 
enabling them to scaffold their students’ argumentation and support them 
in conceptual sense-making (see also  Henderson et al., 2018). 

In a case study, researchers explored how teachers’ mathematical 
understanding guided elementary students to focus on proportional 
reasoning and improve their responses in argumentation (Fielding-Wells 
et al., 2014). In another study focusing on elementary science, researchers 
demonstrated that teachers’ science content knowledge improved their 
skill in posing open-ended questions in argumentation, thereby providing 
opportunities for students to elaborate and explain their reasoning 
(Fishman et al., 2017). 

Teachers’ content knowledge and understanding of argumentation form a 
necessary but not sufficient foundation for promoting productive student 
argumentation. Scholars suggest that it is essential to consider other 
aspects that can influence teachers’ pedagogy, including their perception 
of situations, actions (Leder et al., 2002; Mavhunga & Rollnick, 2016; 
Nation & Feldman, 2022; Nguyen & Tran, 2023), and instructional 
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decision-making (Charalambous, 2015; Hunt et al., 2023; Sleep & 
Eskelson, 2012). 

Teacher Pedagogical Skill 

Teachers’ pedagogical skills are critical in supporting student 
argumentation (Conner et al., 2014; Solar et al., 2021). To promote 
students’ engagement in argumentation, teachers can establish a 
stimulating learning environment for student-centered discussions, 
provide clear instructions, scaffold dialogic interaction, and support 
students’ collaborative reasoning. As a result, students form a community 
of learners with intellectual authority and ownership (Faize et al., 2017; 
González-Howard et al., 2017; Mikeska & Howell, 2020; Rumsey & 
Langrall, 2016). Furthermore, teachers can employ strategies that support 
discussion more generally, such as encouraging students’ participation, 
encouraging students to articulate their thinking (Mikeska & Howell, 
2020), addressing alternative conceptions, and posing content-related 
questions (Solar et al., 2021). These approaches benefit both students’ 
conceptual understanding and their use of disciplinary practices. 

However, a study by Staples and Newton (2016) revealed that secondary 
mathematics teachers found it challenging to engage students in 
argumentation due to the content demand and assessment procedure. In 
another study, secondary science teachers expressed concern about their 
lack of knowledge and skills in designing and engaging students in 
productive argumentation discussions (Sampson & Blanchard, 2012). 
These findings underscore the need for more pedagogical support for 
teachers. 

Teacher Beliefs 

Pajares (1992), in his groundbreaking paper on teachers’ beliefs, suggested 
that if teacher learning or change is desired, researchers need to pay 
attention to beliefs. Further, Enochs and Riggs (1990) indicated that 
instructional change begins with changes in beliefs. Beliefs are personal 
constructs and play a pivotal role in shaping teachers’ instructional 
decisions, classroom management, and representation of concepts (Luft et 
al., 2011). 

We define beliefs as “embodied conscious and unconscious ideas and 
thoughts about oneself, the world, and one’s position in it developed 
through membership in various social groups, which are considered by the 
individual to be true” (Cross, 2009, p. 326). A teacher’s belief is rooted in 
their personal experiences and context (Schoenfeld, 1998), which can 
evolve and change (Thompson, 1992) when challenged or exposed to new 
information or perspectives (Wall, 2016). Beliefs are, however, often so 
strongly grounded that they are steadfast even when presented with 
contrasting evidence (Nespor, 1987), making them somewhat difficult to 
shift. 

For teachers to implement an instructional innovation that involves 
learning to teach in a different way, such as facilitating argumentation-
focused discussion, they need not only the necessary knowledge but also 
productive beliefs regarding the innovation (Charalambous, 2015; Li et al., 
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2020). Teachers’ pedagogical beliefs can influence their academic targets, 
teaching values, and teaching practices (Khader, 2012; Shamim et al., 
2022). Scholars have explored how to reshape teachers’ practices by 
prioritizing a focus on their underlying beliefs (Cross, 2009; Juniati & 
Siswono, 2019; Wilkins, 2008) — a strategy referred to as the “beliefs-first 
approach.” This method often involves immersing teachers in situations 
that create cognitive dissonance, where they encounter information that 
challenges their preexisting beliefs (Festinger, 1957). In this study’s 
context, the immersion is in digital simulation environments. 
Understanding that beliefs can impact instructional practice, Smith et al. 
(2014) designed a measure to capture both teachers’ beliefs and their 
potential to impact instructional practice in science. 

Connected to teachers’ beliefs is their self-efficacy which can be evident in 
their practice (Weirtheim & Leyser, 2002; Woolfolk et al., 2009). 
Teachers’ self-efficacy encompasses both their belief in their own and in 
their students’ abilities to achieve. When teachers have a stronger belief in 
their own and their students’ abilities, they can demonstrate greater 
commitment to student success (Tschannen-Moran & Hoy, 2001). 

Preparing Teachers to Facilitate Argumentation Discussions 
Through Approximations 

Practice-based teacher education focuses on positioning essential teaching 
practices, referred to as “core” or “ambitious” practices, earlier in the 
teacher development trajectory (Ball & Forzani, 2011; Grossman et al., 
2009; Windshitl et al., 2020). These practices are central to effective 
teaching, support student learning, and emphasize a student-centered 
pedagogical focus. Practice-based teacher education asserts that PSTs 
should have repeated and systematic learning opportunities to decompose 
the key components of instructional practice, analyze representations of 
the practice in varied contexts, and approximate its enactment (Dutro & 
Cartun, 2016; Grossman et al., 2009; Matsumoto-Royo, & Ramírez-
Montoya, 2021). Our study focused on the last of these, approximating 
where the core practice is facilitating argumentation-focused discussions. 

Approximations of practice offer a way for PSTs to experiment and 
enhance their ability to respond to demanding pedagogical scenarios 
(Ghousseini, 2017; Grossman et al., 2009; Kavanagh, Metz et al., 2020). 
By nature, approximations of practice are not real teaching in terms of 
context, setting, and level of risk but maintain the responsive and 
interactive nature of core teaching practices (Grossman et al., 2009, p. 
2078). Examples of approximations include PSTs participating in 
structured field experiences (Shaughnessy et al., 2019), role-playing with 
their peers (Benedict-Chambers et al., 2020), and engaging in face-to-face 
or digital simulated teaching (e.g., Mikeska & Howell 2020). 

Notably, digital approximations have become increasingly popular, in that 
they offer PSTs a controlled and manageable classroom-like experience 
(Campbell et al., 2020; Cohen et al., 2020; Howell & Mikeska, 2021; 
Lampert et al., 2013). Moreover, these digital approximations provide 
PSTs with opportunities for trial and error (Uluay, 2021) without 
impacting real classroom students. Although some digital approximations 
include elements such as the use of avatars, these approximations are not 
designed to be gamified environments. Such environments aim to address 
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both participant learning goals and motivation, often through game-like 
elements such as competition and levels (Kalogiannakis et al., 2021) or 
through individualized adaptations (Zourmpakis et al., 2023). 

Like gamified digital environments, digital approximations are designed 
to help participants meet learning goals (e.g., PSTs learning how to 
facilitate an argumentation discussion). Unlike gamification, the 
simulated digital approximations common in PST education and that we 
used in this study focus not on motivation and the inclusion of game 
elements but rather on creating a close-to-reality, reduced-complexity 
environment, in which PSTs have situated opportunities to meet those 
learning goals. 

It is beyond the scope of this paper to list and detail all the available forms 
of digital approximation. Rather, we briefly describe two approaches used 
in the present study, which we will describe in greater detail in the method 
section. The first is Teacher Moments, which is a digital platform 
individual PSTs can use to practice generating questions for and responses 
to students (e.g., how they might use questioning to encourage students to 
critique one another’s ideas; Hillaire et al., 2022; Reich, 2022). The second 
is Mursion®, a commercial simulation provider, which allows PSTs to 
hone their teaching skills by interacting with virtual student avatars 
(Dalinger et al., 2020; Mikeska et al.., 2021; Mikeska et al., 2022; Straub, 
2018). Interacting with virtual student avatars provides PSTs with a more 
authentic and immersive engagement than peer rehearsals where the 
adults act as K-12 students (Dieker et al., 2017; Mikeska et al., 2023; 
Straub et al., 2014, 2015). 

Within the context of approximations, PSTs attempt ambitious practices, 
and research has indicated that such experimentation is associated with 
PST progress and enhanced student performance and achievement (Arias 
& Davis, 2017; Ball & Forzani, 2009; Brownell et al., 2019; Campbell & 
Elliott, 2015; Forzani, 2014). Notably, approximations focused on 
argumentation have been used in elementary science and mathematics 
teacher education (Fishman et al., 2017; Kazemi & Wæge, 2015), where 
research has demonstrated a significant impact on improving PSTs’ skills 
(Mikeska et al., 2025; Lee & Lee, 2023; McNeill et al., 2016). Other studies 
have demonstrated improvement in PSTs’ abilities to engage students in 
critical thinking, constructing knowledge, critiquing ideas, and refining 
understanding of scientific and mathematical phenomena (Benedict-
Chambers et al., 2020; Berland & Reiser, 2009; Ford, 2012; Osborne & 
Patterson, 2011). 

Methods 

In this section, we describe the study context, the specific Teacher 
Moments and Avatar-Based Simulation tasks, the participants, the 
instruments, and the analysis. 

Study Context: The OPS Project Secondary Level Tasks 

In this study, each TE integrated two simulated approximations of practice 
—  Teacher Moments and the Avatar-Based Simulation — into their 
semester-long methods course (either in mathematics or science methods) 
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for PSTs to practice facilitating argumentation-focused discussions 
(https://tarheels.live/onlinepracticesuite/). TEs prepared PSTs before 
and then debriefed PSTs after each simulation. No standardization of 
course elements was required beyond the incorporation of the two 
approximations and the inclusion of a preparation and debrief activity, 
and there was considerable variability across the set of  teacher educators 
(TEs) in other course activities, as well as where the course fell within the 
university program and whether PSTs were concurrently or previously 
engaged in fieldwork (see Lottero-Perdue et al., 2024 for full descriptions 
of this variability). In what follows, we describe and introduce the 
mathematics and science tasks our project created in the two platforms, 
which are available in the project data repository at https:// 
nyu.databrary.org/volume/1110. 

Teacher Moments and the Teacher Moments Tasks 

Teacher Moments is an online platform wherein PSTs can engage in short 
scenario-based experiences to practice responding to difficult moments in 
teaching (Hillaire et al., 2022; Reich, 2022). See Figure 1 for a depiction of 
a PST engaging in Teacher Moments. Teacher Moments is freely available 
through the MIT Teaching Systems Lab, and support is provided to TEs to 
learn to create their own tasks. We developed the Teacher Moments tasks 
to provide an opportunity for the PSTs to practice skills related to 
facilitating an argumentation-focused discussion prior to engaging in the 
more complex Avatar-Based Simulation task, described in the next 
section. Teacher Moments focused on questions to elicit student 
argumentation, setting the stage for the Avatar-Based Simulation, in 
which PSTs then have to contend with how students respond to such 
questions. 

Figure 1 
Preservice Teacher Engages With an Online Teacher Moments Scenario 
by Typing Responses 

 

 

The Teacher Moments mathematics task is called “Rate of Strawberry 
Picking” and addresses proportional reasoning. The task vignette 

https://tarheels.live/onlinepracticesuite/
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describes how two students have each individually solved a problem 
related to the rate of strawberry picking. The PST’s role is to generate 
questions to encourage the pair to share and critique one another’s ideas. 
After the PST submits initial responses, four suggestions are provided for 
their consideration (e.g., What are the similarities and differences in the 
students’ problem-solving strategies?). Then, the PST has an opportunity 
to try responding a second time to the prompts. 

The Teacher Moments science task is called “Keeping the Heat” and 
addresses heat transfer. In the task vignette, the class measured the 
temperature of hot chocolate in a paper and foam cup over time, observing 
the temperature change over two points in time. Each student was asked 
to write a claim supported with evidence about which cup was better at 
keeping the hot chocolate warm. The PST sees the work of two students 
and tries to engage these two students in an argumentation-focused 
discussion. As in the mathematics task, after the PST provides initial 
responses, they are provided suggestions and an opportunity to revise. 

The Avatar-Based Simulation and the Avatar-Based 
Simulation Tasks 

For this study, the Avatar-Based Simulation utilized the Mursion® middle 
school classroom of five student avatars shown in Figure 2. Each PST 
facilitated an up to 20-minute argumentation-focused discussion with the 
avatars. The avatars are able to respond in real-time because there is a 
human-in-the-loop (an actor called, in Mursion® terminology, a 
simulation specialist), who voices and operates all five avatars and 
undergoes extensive training to ensure consistency across different PSTs. 
This training is essential (Bondie et al., 2021), as it helps the simulation 
specialists learn to embody each avatar, manipulate their facial 
expressions and gestures, give each an identifiable voice, and shift from 
avatar to avatar quickly. Training also covers task contents, the student 
ideas in the tasks, how those ideas may change during the discussion, and 
how to respond to different approaches that PSTs might use. 

The Avatar-Based Simulation mathematics task, “Hungry Huskies,” 
addresses proportional reasoning, specifically the different rates at which 
two dogs eat food and how long it will take for the dogs to eat a certain 
weight of food. Prior to the argumentation-focused discussion, two 
student groups (a group of two and another group of three) solved the 
problem, identifying unit rates. Each group’s work and reasoning had both 
strengths and ways in which it could be improved. The PST’s goal is to 
support students in comparing approaches and reaching a consensus 
about how unit rates may be combined when solving a problem that 
includes more than one rate. 

The Avatar-Based Simulation science task, called “Keep it Cold,” addresses 
heat transfer and involves an investigation that demonstrates how cold 
water in a paper cup warms up at a faster rate than cold water in a foam 
cup. Again, students are assumed to have worked in groups, and each 
group produced a written model and explanation prior to the discussion. 
The PST’s goal is to engage student avatars in critiquing one another’s 
models and have them agree on a consensus model. 
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Participants 

We first recruited six TEs — three mathematics TEs and three science TEs 
— via professional connections, selecting based on interest and availability 
and maximizing variability in their personal and institutional 
demographic characteristics. TEs incorporated one use of the Teacher 
Moments activity and one use of the Avatar-Based Simulation activity into 
their normal coursework for all enrolled PSTs for the fall 2022 semester-
long course in either mathematics or science methods. 

Figure 2 
Preservice Teacher Engages in a Small Group Discussion With Five 
Student Avatars 

 

 

We invited all PSTs (48) in each of the TEs’ methods courses (three 
mathematics sections and three science sections) to participate in the 
study during the fall 2022 semester, which required engaging in pre/post 
measures and postactivity surveys. Of these, 39 agreed to participate (83% 
rate of participation). Table 1 includes demographic and background 
information for PSTs and TEs. Details of how the TEs integrated the 
activities into their courses are described in Lottero-Perdue et al. (2024). 

Instruments 

The instruments that we used to address the four research questions, as 
well as the item types used for each, are shown in Appendix A. Specific 
item questions that we used in this study are listed in Appendix B, which 
also identifies the instrument and number of responses coded for each. Pre 
and post timepoints occurred at the beginning and end of the semester, 
respectively; surveys administered after the Teacher Moments and Avatar-
Based Simulation varied depending on the TE’s preference for 
implementation dates. 
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Table 1 
Demographic and Background Information for PSTs and TEs 

Characteristic 
All PSTs (n = 39) 

n (%) 
All TEs (n = 6) 

n (%) 

Gender 

Female 27 (69%) 4 (67%) 

Male 11 (28%) 2 (33%) 

Prefer not to respond 1 (3%) 0 (0%) 

Race/Ethnicity [a] 

Asian or Asian American  4 (10%) 0 (0%) 

Black/African American  1 (3%) 0 (0%) 

Hispanic/Latino  2 (5%) 1 (17%) 

White/Caucasian  35 (90%) 5 (83%) 

Year in Teacher Education 

Year 1 – Bachelor’s Program 0 (0%) - 

Year 2 – Bachelor’s Program 1 (3%) - 

Year 3 – Bachelor’s Program 14 (36%) - 

Year 4 – Bachelor’s Program 19 (49%) - 

Year 5 – Bachelor’s Program 1 (3%) - 

Year 1 – Master’s Program 2 (5%) - 

Year 2 – Master’s Program 2 (5%) - 

Current Major(s) [a] 

Elementary Education  3 (8%) - 

Middle School Education Math 3 (8%) - 

Middle School Education Science 8 (21%) - 

Secondary Education Math 18 (46%) - 

Secondary Education Science 15 (38%) - 

Special Education  3 (8%) - 

Natural Sciences (e.g., Biology, 
Chemistry, Earth, Physics) 

6 (15%) - 

Previous Experience Using Simulated Classrooms 
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Characteristic 
All PSTs (n = 39) 

n (%) 
All TEs (n = 6) 

n (%) 

Never  30 (77%) - 

Once or twice  5 (13%) - 

Three or four times  4 (10%) - 

Five or more times  0 (0%) - 

Previous Experience Leading Mathematics Discussions With Secondary 
Students 

Not at all  25 (64%) - 

A little (once or twice)  7 (18%) - 

Some (three or four times)  6 (15%) - 

A lot (five or more times)  1 (3%) - 

Previous Experience Leading Science Discussions With Secondary Students 

Not at all  23 (59%) - 

A little (once or twice)  7 (18%) - 

Some (three or four times)  6 (15%) - 

A lot (five or more times)  3 (8%) - 

Cumulative GPA 

3.5 or above 25 (64%) - 

3.0-3.49 7 (18%) - 

2.5-2.99 7 (18%) - 

[a] Participants could select more than one response. 
 
Note. PST = preservice teacher; TE = teacher educator. A total of 39 PSTs and six TEs 
participated in the study. 

 

Pre- and Postsurveys 

This survey aimed to assess PSTs’ beliefs about effective mathematics or 
science instruction using the Mathematics Beliefs Instrument (MBI; Smith 
et al., 2012) or the Teacher Beliefs about Effective Science Teaching 
questionnaire (TBEST; Smith et al., 2014). These are three-factor scales 
built from Likert survey items (48 items for MBI and 21 items for TBEST). 
The surveys also included Likert, yes/no, and open-response questions 
that we developed by adapting questions used on the National Survey of 
Science and Mathematics Education (Banilower et al., 2018) to measure 
PSTs’ beliefs and understanding about discussion and argumentation and 
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their preparedness to teach mathematics and science (content and 
pedagogy). Additional questions were included in the postsurvey, in which 
PSTs were asked to reflect retrospectively on how their beliefs, 
understandings, or preparedness changed over the semester. 

Pre- and Postenacted Measure 

Given at the same time points as the pre- and postsurveys, PSTs completed 
identical mathematics or science pre- and postenacted measures. The 
purpose of the enacted measure was to have an assessment of PST 
performance before and after OPS with respect to facilitating 
argumentation discussions, rather than relying solely on self-report data. 
The pre- and postenacted measures were implemented within the Teacher 
Moments platform, using a different vignette than either the Rate of 
Strawberry Picking or Keeping the Heat task. Task features were similar 
to the Teacher Moments task described earlier, although abbreviated 
because it was used for measurement purposes (e.g., the second-round 
questions were omitted). 

Teacher Moments and Avatar-Based Simulation Task Surveys 

PSTs and TEs completed a survey after each of the Teacher Moments and 
Avatar-Based Simulation learning cycles, asking them to reflect on the 
learning cycle, the simulation, and on discussion and argumentation. Our 
focus in this study was on items in the surveys related to what PSTs learned 
from engaging in Teacher Moments or Avatar-Based Simulation and the 
utility or appropriateness of Teacher Moments or Avatar-Based 
Simulation for PST teacher education. 

Post-TE Interview 

At the end of the semester, TEs participated in a semistructured interview, 
asking them to reflect on their instructional decisions and PST learning. 
We used two interview responses to triangulate survey data around the 
extent to which TEs felt their PSTs made progress with respect to 
argumentation-focused discussions during the semester. 

Data Analysis 

In this section, we analyzed (1) pre/post-belief measures, (2) open 
responses and closed (Likert and yes/no) answers to survey and interview 
questions, and (3) our enacted measure. 

Pre/Post Beliefs Scales (Included in the Pre/Post Surveys) 

First, for each PST, we averaged the values given in response to the 4-point 
Likert scale items related to each construct (general, content, and 
argumentation preparedness) to produce a single score for each PST at 
each time point. Then, we utilized a paired samples t-test to compare 
means from the pre- and postmeasurement time points for these three 
constructs. For the TBEST and MBI, we calculated scores on each subscale 
per the TBEST and MBI guidelines for each PST at both time points and 
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then used paired t-tests to compare from the pre- to the postmeasurement 
time point. 

Survey Responses 

First, we used descriptive statistics to share frequencies of responses — 
both number and percentage — for closed and Likert scale items. Then, for 
each of the open response items, two or more project team members 
engaged in iterative qualitative analysis. Four of these items, identified in 
Appendix B, involved the use or adaptation of a coding tree from a 
previous project (Mikeska et al., 2023). The remainder involved 
developing and applying new codes. Percentage agreement and one-way 
average measures ICC are reported in Appendix B when double coding was 
used. With most large response sets (77 or more responses), 
approximately 10% of the responses were group coded, and 20% were 
double coded, with the remainder individually coded, provided the percent 
agreement was over 80% or ICC of 0.7 or higher. For some smaller 
response sets, only group or double coding was employed. 

Pre/Post Enacted Measure 

We developed a scoring guide for the pre- and postenacted measure 
comprised of seven indicators, which were derived from an Avatar-Based 
Simulation scoring rubric used in other parts of the larger research project 
and implemented in prior research (Go Discuss Project, 2021). The 
indicators were as follows: 

1. Proximity to substantive content; 
2. Invites students to share or explain ideas; 
3. Asks students to compare and contrast, make connections to past 

experiences, and/or link ideas; 
4. Encourages direct student interactions; 
5. Invites students to persuade others about their point of view; 
6. Invites students to justify their own ideas or others’ ideas; and 
7. Invites students to critique their own ideas or others’ ideas. 

The scoring team identified four responses in each of the two tasks that 
captured relevant information of these indicators. Other responses that 
served more to set the stage for the participant were not included in the 
scoring. For each PST, each indicator was scored using a 4-point scale (0-
3 points) accounting for both the frequency and quality of the indicators 
across the four scored responses. 

Quality generally referred to the degree to which the response used 
language that was aligned with the indicator definition, while frequency 
referred to how many of the four responses contained evidence for that 
indicator. A score of 0 indicated the absence of that indicator in the PST’s 
response. A score of 1 indicated a lack of quality and consistency but not a 
complete absence. A score of 2 indicated a lack in either quality or 
consistency but not both, and a score of 3 indicated the presence of quality 
and consistency in the PST’s response. This resulted in a total score 
ranging from 0 to 21. 
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Our team completed group coding on 20% of the PSTs’ responses, and 
then three raters coded an additional 20% of the responses in pairs, 
reaching pairwise percent agreement of 78%, 77%, 75%, and one-way 
average ICCs of 0.95, 0.95, and 0.94, respectively. The remaining 60% of 
the PSTs’ responses were coded individually, although the raters convened 
at the end of the scoring process to discuss and address any uncertain 
scores. We then used paired t-tests to compare PSTs’ scores from the pre- 
to the postmeasurement time point on each indicator. 

Analysis Across the Instruments 

Some items on the PST and TE Post Survey and TE Interview asked for 
reflection back, making them a form of retrospective self-report. Other 
items, such as asking PSTs to define argumentation, were asked multiple 
times at different time points, allowing for comparison. In general, our 
pragmatic approach is to note where data support strong conclusions and 
to complement with analysis that is less able to support strong conclusions 
but able to give a general trend among multiple triangulated sources of 
weaker evidence (see limitations). 

In some cases, such as for Research Question (RQ) 1, triangulation with 
TE data was limited simply to examining responses systematically for 
confirming or disconfirming evidence. While we did check systematically 
for differences between the mathematics and science cohorts, we found 
few differences, and this was not a primary focus of the study. Therefore, 
we report mathematics and science cohort results separately only for the 
two beliefs scales that were completely different. 

Results 

This section is a summary of results by research question, drawing on both 
qualitative and quantitative data to provide a picture, for each research 
question, of the collection of evidence available around improvement. The 
discussion then highlights the most striking results, including those 
relating to teachers’ beliefs, and describes limitations of the study. 

Results for RQ 1: PSTs’ Perceived Usefulness of the Suite 

Our first research question addressed the evidence relating to PSTs’ and 
TEs’ perceptions of the usefulness of OPS and of what PSTs learned. We 
answer this by first exploring PSTs’ self-reported main takeaways from the 
OPS, how appropriate PSTs and TEs felt that the OPS was for PST 
education, and the teacher roles PSTs believed that the OPS supported. 

PSTs’ Main Takeaways from OPS 

Of the 77 PST responses to the open-ended survey question asking their 
main takeaway from the OPS (Table 2), the most frequently applied code 
was the awareness of teacher practices (n = 21 code applications; 27%), 
applied to statements such as “Be specific in your question while trying to 
get students to critique each other’s work” (science PST, Teacher Moments 
survey), highlighting the importance of teacher questioning as a practice. 
A close second (19; 25%) was PST statements reflecting learning about the 
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importance of preparing for a discussion, applied to statements such as 
“The better your preparation is, the more smoothly your lesson or 
discussion will be” (mathematics PST, Avatar-Based Simulation survey). 

Table 2 
PSTs’ and TEs’ Responses on PST Learning From OPS 

Code Description 

All PST 
Responses  

(n = 77) 
n (%) 

All TE 
Responses  

(n = 12) 
n (%) 

Awareness of 
Teacher 
Practices 

Describes an awareness of the 
importance of particular teacher 
practices (e.g., questioning, probing, 
teacher talk moves). 

21 (27%) 7 (58%) 

Preparation 
Importance 

Describes a general importance of 
preparing for the discussion and/or 
interaction with students. 

19 (25%) 5 (42%) 

Other Describes a different main takeaway 
or learning that is not one of the 
previous codes. 

11 (14%) 0 (0%) 

Practice Describes the use of the simulated 
discussion activity as a way to practice 
particular instructional skills, 
improve instructional skills, and gain 
experience for teaching real students 
or a way to gather information about 
one’s practice. 

10 (13%) 1 (8%) 

Importance of 
Knowing and 
Responding to 
Students 

Describes the importance of knowing 
and/or responding to the students 
and their thoughts, ideas, 
perspectives, and/or behaviors. 

7 (9%) 2 (17%) 

Recognize 
Discussion 
Importance/ 
Challenge 

Describes the importance and/or 
challenge of including discussion in a 
math/science classroom. The 
response could be describing the 
overall role the teacher plays in 
facilitating the discussion. 

7 (9%) 1 (8%) 

Vague/Not 
Related 

Describes a main takeaway or 
learning that is too vague to 
categorize. 

3 (4%) 2 (17%) 

Importance of 
PSTs’ 
Emotional 
Regulation as 
Learners 

Describes using and/or developing 
their socioemotional skills (e.g., 
confidence, patience) and/or the 
importance of emotional regulation. 

2 (3%) 0 (0%) 

Flexible Describes being flexible when 
preparing for and/or when leading 
the discussion. For example, being 
prepared to have unexpected 
questions/thoughts come up during 
the discussion. 

2 (3%) 1 (8%) 
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Code Description 

All PST 
Responses  

(n = 77) 
n (%) 

All TE 
Responses  

(n = 12) 
n (%) 

None Describes no main takeaway or 
learning from the simulated 
discussion experience. 

0 (0%) 0 (0%) 

Evidence of 
shift in beliefs 

 
26 (34%) 7 (58%) 

Evidence of 
shift in skill 

Describes a main takeaway or 
learning that is about becoming better 
at the work of leading an 
argumentation-focused discussion, or 
a component of it. 

19 (25%) 6 (50%) 

Evidence of 
understanding 
argumentation 

Describes a main takeaway or 
learning that speaks to having learned 
about what argumentation is or 
coming to understand it better. 

1 (1%) 0 (0%) 

Total Number 
of Code 
Applications 

  182 43 

Note. Multiple codes could be applied to each response. PST = preservice teacher; TE = 
teacher educator. 

 

TEs’ responses to the corresponding survey item triangulated these 
findings, with their report of what the PSTs learned most often coded as 
awareness of teacher practices (7; 58%) and preparation importance (5; 
42%). For example, Dawn (pseudonyms used throughout), a mathematics 
TE, stated, “I think they learned that in order to have students share and 
critique ideas, they have to provide specific prompts with a common goal 
(for example, ask the students to find similarities and differences in their 
solutions rather than just explain their solutions to each other),” reflecting 
a focus on the practices of sharing and critiquing ideas. 

Each identified takeaway was also coded concurrently with respect to 
showing evidence of one or more of our three main constructs 
(understanding, beliefs, and skill; Table 2), if applicable. The most 
frequently categorized takeaways were beliefs, with 34% of codes (26) 
applied to PST responses in that area. For example, one PST stated “My 
main takeaway would be the true power of argument-based discussion. I 
am very surprised as to how valuable it is in a classroom setting” 
(mathematics PST, Teacher Moments survey). Another mentioned the 
importance of the teaching practice of eliciting student ideas, saying, “It is 
critical to elicit ideas from students, to encourage their thinking and 
sharing” (science PST, Avatar-Based Simulation survey). 

About 25% of codes (n = 19) were categorized as a shift in PSTs’ skills, 
while nearly none (1; 1%) were categorized as shifts in understanding of 
argumentation. Again, TEs’ report of PSTs’ learning was distributed 
similarly, most frequently naming beliefs (7; 58%) and skills (6; 50%) and 
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with no responses coded as mentioning the change in PST understanding 
of argumentation. 

Appropriateness of the OPS Simulations and Likeliness to 
Recommend 

Overall, most of the PSTs’ (n = 75; 97% of responses) and TEs (11; 92% of 
responses) responses to the Likert scale item indicated that they believed 
the simulations (Teacher Moments and Avatar-Based Simulation) were 
somewhat or very appropriate to incorporate into teacher education 
methods courses. Most PSTs responded to the yes/no survey item 
indicating they would recommend using the Teacher Moments simulation 
(35; 92% of PSTs) or Avatar-Based Simulation (32; 82% of PSTs) in a 
future section of their secondary mathematics or science methods course. 

How the OPS Supported Their Role as a Teacher 

Table 3 shows the findings for the main patterns in the PSTs’ perceptions 
about how the Teacher Moments and Avatar-Based Simulation activities 
supported their role as teachers. Most PSTs indicated that simulations 
provided a way for them to practice (n = 51; 66%) facilitating a discussion 
or to practice specific discussion skills, such as asking probing questions 
or eliciting student ideas. PSTs also described how the practice afforded 
by the simulations helped them to be better prepared for teaching in real 
classrooms, to apply what they learned from the experience to their 
teaching in real classrooms or to gather information about their own 
practice. Collectively, this finding suggests that the PSTs were likely to 
recognize how the simulations provided them with opportunities to build 
their teaching skills. 

Table 3 
PSTs’ Survey Responses About How the Simulations Supported Their 
Role as a Teacher 

Code 
Code 

Description 

All PST 
Responses  

(n = 77)  
n (%) 

TM 
Responses  

(n = 38)  
n (%) 

ABS 
Responses  

(n = 39)  
n (%) 

Practice Describes how the 
simulations 
supported them: 
by providing a way 
for them to 
practice facilitating 
a discussion or 
specific discussion 
skills, in being 
prepared for 
teaching in (real) 
classrooms, in 
applying what they 
learned to their 
teaching (in real) 
classrooms, 
and/or in 
gathering 

51 (66%) 23 (61%) 28 (72%) 
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Code 
Code 

Description 

All PST 
Responses  

(n = 77)  
n (%) 

TM 
Responses  

(n = 38)  
n (%) 

ABS 
Responses  

(n = 39)  
n (%) 

information about 
one’s practice. 

Understand 
discussion or 
recognize 
discussion 
importance/ 
challenge 

Describes how the 
simulation 
supported them in 
building their 
understanding 
about/awareness 
of discussion, its 
importance and/or 
the associated 
challenges. 

8 (10%) 3 (8%) 5 (13%) 

Identify Areas 
for Growth 

Describes how the 
simulations 
supported them in 
identifying areas 
for 
growth/weakness. 

4 (5%) 3 (8%) 1 (3%) 

Supported 
Learning/ 
Teaching 
about Content 

Describes how the 
simulations 
supported them in 
learning/teaching 
about conceptual 
ideas or topics. 

4 (5%) 1 (3%) 3 (8%) 

Supported 
Self-Reflection 

Describes how the 
simulations 
supported them in 
reflecting on their 
practice (either in 
the moment or in 
the future).  

4 (5%) 1 (3%) 3 (8%) 

Awareness of 
Teacher 
Practices 

Describes how the 
simulation 
supported them in 
building an 
awareness of the 
importance of 
particular teacher 
practices (e.g., 
questioning, 
probing, teacher 
talk moves). 

3 (4%) 1 (3%) 2 (5%) 

Emotional 
Regulation 

Describes how the 
simulations 
supported them in 
using and/or 
developing their 
socioemotional 
skills (e.g., 
confidence, 
patience) and/or 
the importance of 
emotional 
regulation. 

3 (4%) 2 (5%) 1 (3%) 
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Code 
Code 

Description 

All PST 
Responses  

(n = 77)  
n (%) 

TM 
Responses  

(n = 38)  
n (%) 

ABS 
Responses  

(n = 39)  
n (%) 

Other Describes a 
different way in 
which the 
experiences 
supported their 
role as a teacher 
that is not one of 
the other codes 
(e.g., helping 
students find their 
voice; using 
problems with a 
real-life 
connection). 

3 (4%) 3 (8%) 0 (0%) 

Vague/ 
Unclear 

Response is too 
vague or unclear to 
understand. 

3 (4%) 3 (8%) 0 (0%) 

Did Not 
Support Role 
as Teacher 

Describes how the 
simulations did 
not support them 
in their role as a 
teacher. 

1 (1%) 1 (3%) 0 (0%) 

Evidence of 
Shift in Skill 

Describes how the 
simulations 
supported them in 
becoming better at 
the work of leading 
an argumentation-
focused 
discussion, or a 
component of it. 

29 (38%) 17 (45%) 12 (31%) 

Evidence of 
Understanding 
Argumentation 

Describes how the 
simulation 
supported them in 
learning about 
what 
argumentation is 
or coming to 
understand it 
better. 

2 (3%) 1 (3%) 1 (3%) 

Evidence of 
Shift in Beliefs 

Describes how the 
simulation 
supported them in 
shifting their 
beliefs about the 
importance of 
discussion and/or 
argumentation, 
about instruction, 
or about efficacy. 

4 (5%) 0 (0%) 4 (10%) 

Note. PST = preservice teacher; TM = Teacher Moments; ABS = Avatar-Based 
Simulation. 
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Findings also showed that approximately a third of the PST responses (29; 
38%) noted how the simulations supported them in becoming better at the 
skill of leading an argumentation-focused discussion or a component of 
this type of discussion. For example, one PST noted how the “Teachers 
Moments experience supported me in my role as a mathematics teacher 
because it taught me how to teach students important skills like critiquing 
each other’s work” (mathematics PST, Teacher Moments survey). Another 
PST stated how it “helped me learn more about facilitating questions as a 
science teacher” (science PST, Teacher Moments survey). 

Results for RQ 2: PST Understanding of Argumentation-
Focused Discussions 

Descriptions of PST-reported characteristics of high-quality discussions 
focused on argumentation at each of the pre- and postmeasurement time 
points are shown in Table 4. Around half of the PSTs reported students 
providing rationale, evidence, or reasoning to justify their own or others’ 
claims, ideas, or strategies as a characteristic of high-quality discussions 
focused on argumentation at both the pre- (n = 21; 54%) and 
postmeasurement time points (n = 19; 50%). Similarly, PSTs commonly 
mentioned promoting sharing or disagreement in a safe space by attending 
to specific normsand/or habits of mind at the premeasurement time point 
(21; 54%), with a slight but not statistically significant decrease at the 
postmeasurement time point (17; 45%). Other reported characteristics are 
listed in Table 4. 

 
Table 4 
Comparing PSTs’ Survey Responses on Understanding of 
Argumentation Pre-Post 

Code 

Description 
Describes argumentation-
focused discussions as a 

way… 

All Pre 
PST 

Responses  
(n = 39) 

n (%) 

All Post 
PST 

Responses  
(n = 38) 

n (%) 

Justification …for students to explain their 
thinking, provide rationales 
and/or provide evidence or 
reasoning to justify their and/or 
others’ claims, ideas, and/or 
strategies. 

21 (54%) 19 (50%) 

Attending to 
Norms 

…to promote sharing and/or 
disagreement in a safe space by 
attending to specific norms and/or 
habits of mind. 

21 (54%) 17 (45%) 

Sharing/ 
Discussion 

…for students to share and/or 
discuss their claims, ideas, and/or 
strategies. 

12 (31%) 15 (39%) 

Evaluate/ 
Critique 

…for students to debate amongst 
themselves through critiquing, 
evaluating, and/or 
comparing/contrasting one 
another’s work. 

10 (26%) 12 (32%) 
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Code 

Description 
Describes argumentation-
focused discussions as a 

way… 

All Pre 
PST 

Responses  
(n = 39) 

n (%) 

All Post 
PST 

Responses  
(n = 38) 

n (%) 

Learning/ 
Understanding 

…to promote a broad sense of 
student conceptual learning or 
understanding. 

5 (13%) 8 (21%) 

Student 
Led/Teacher 
as Guide 

…for students to lead or facilitate 
the discussion and/or for teachers 
to help guide a student-led 
discussion. 

3 (8%) 6 (16%) 

Questions …to include questions asked by 
either the teacher or other 
students. 

1 (3%) 8 (21%) 

Consensus …for students to build towards 
and/or come to a consensus. 

1 (3%) 4 (11%) 

General 
Engagement 

…to promote student engagement 
and/or keeping students on task. 

1 (3%) 2 (5%) 

Other …that does not fall within any of 
the previously listed codes. 

1 (3%) 2 (5%) 

Attending to 
Thinking 

…to promote different ways of 
thinking (e.g., critical thinking, 
thinking systematically, thinking 
deeply, etc.). 

1 (3%) 1 (3%) 

Vague …that is too vague to categorize. 1 (3%) 0 (0%) 

Persuade …for students to persuade or 
convince one another that they are 
correct and/or another student is 
incorrect or correct. 

0 (0%) 1 (3%) 

Note. PST = preservice teacher. 

 

Twenty of the 38 PSTs (53%) self-reported a change in understanding of 
argumentation and were asked to describe the nature of that change and 
to what they attributed the change. Descriptions of change in 
understanding are shown in Table 5. The most prevalent description (9; 
45% of codes applied) was recognition of the importance of 
argumentation, which arguably might be described as more of a shift in 
understanding something about argumentation’s role in student learning 
than one in understanding what argumentation is. 

The second most frequent description (6; 30%) was of shifts that 
articulated a change in how the PST envisioned argumentation, such as 
“Argumentation is not to convince others who is right or wrong but to 
discover and explore different ideas and make them relevant to the 
learning” (mathematics PST, postsurvey). Most of the PST attributions of 
change in understanding were to activities associated with the OPS (15; 
75%), including simulations and associated assignments, with no clear 
attributions to activities outside of the OPS. 
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Table 5 
PST Descriptions of Change in Understanding Over the Semester 

Code 
Description 

Reports Change Associated With… 

All PST 
Responses 

(n = 20) 
n (%) 

Importance …recognizing the importance of 
argumentation. 

9 (45%) 

Vision of 
argumentation 

…their understanding of what 
argumentation is, or developing a vision of 
it in instruction, or details that vision. 

6 (30%) 

Benefits …seeing the payoff or effectiveness of 
engaging in argumentation for the students. 

4 (20%) 

Facilitate 
argumentation 

…knowledge or confidence in facilitating 
argumentation or provides details about 
doing so. 

4 (20%) 

Increased exposure …increased exposure to argumentation 
discussion or a that this is the first time 
they considered argumentation. 

3 (15%) 

Student-focused …argumentation as related to a student-
centered classroom or less teacher-driven 
instruction. 

1 (5%) 

Total Code Applications 27 

Note. PST = preservice teacher 

 

Results for RQ 3: PST Change in Beliefs: Content Instruction 
and Teaching Preparedness 

As shown in Table 6, on the pre/post scales corresponding to general, 
content-specific, and argumentation-specific preparedness, we observed 
significant increases in beliefs about preparedness on all three scales. On 
the TBEST (science) instrument, all three factors shifted in the direction 
that was anticipated (increase for Factor 1, decrease for Factors 2 and 3), 
but the change was statistically significant only for Factor 2. For the MBI 
(mathematics) instrument, all three factors shifted in the direction that 
was anticipated (increase), and the shift was statistically significant on all 
factors. 

PST responses about how important they believe it is for students to have 
opportunities to engage in argumentation showed an increase pre-post, 
with the percentage describing it as very important increasing from 24 
(62%) to 33 (87%) and the percentage describing it as only somewhat 
unimportant (the lowest level selected) dropping from 2 (5%) to 0 (0%). 
By the end of the semester, all (38; 100%) categorized it as at least 
somewhat important. 
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Table 6 
Pre/Post Comparison of PSTs Surveys Responses on Beliefs 

Factor/  
Aspect Pre Post Paired Samples t-test 
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Changes in Beliefs (Preparedness): All (n = 38)  

General 
Preparedness 

2.64 0.62 2.98 0.48 -
0.34 

0.66 -
3.14 

37 0.003[a] -0.51 

Content 
Preparedness 

2.40 0.69 3.05 0.59 -
0.65 

0.77 -
5.19 

37 <.001[a] -0.84 

Argumentation 
Preparedness 

2.62 0.72 3.23 0.44 -
0.62 

0.68 -
5.55 

37 <.001[a] -0.90 

Changes in Beliefs (Effective Instruction) 
 

Science (TBEST) (n = 18) 
 

Factor 1: 
Learning 
Theory 
Aligned 

5.42 0.34 5.49 0.45 -
0.07 

0.49 -
0.57 

17 0.575 -0.14 

Factor 2: 
Confirmatory 

3.71 0.85 3.29 0.96 0.42 0.69 2.57 17 0.020[a] 0.61 

Factor 3: All 
Hands on All 
the Time 

3.59 0.81 3.11 1.18 0.48 0.98 2.09 17 0.052 0.49 

Math (MBI) (n = 20)  

Factor 1: 
Curriculum 

3.11 0.43 3.33 0.46 -
0.22 

0.26 -
3.84 

19 0.001[a] -0.86 

Factor 2: 
Learner 

3.11 0.37 3.30 0.48 -
0.18 

0.33 -
2.52 

19 0.021[a] -0.56 

Factor 3: 
Teacher 

3.47 0.44 3.62 0.39 -
0.15 

0.29 -
2.33 

19 0.031[a] -0.52 

[a] Bold text indicates the indicators that demonstrated statistically significant change. 
Note. PST = preservice teacher; MBI = Mathematics Beliefs Instrument; TBEST = Teacher Beliefs about 
Effective Science Teaching. These measures were completed at both the pre- and postmeasurement time 
points. However, only 38 PSTs completed the measure at both time points. Therefore, we only included 
the 38 PSTs who had the full set of pre and post data in this comparison. 
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Our coding reflected that PSTs’ ideas about the importance of 
argumentation were ones that we also considered to be critical. Most 
frequently mentioned (Table 7) were students sharing ideas with peers and 
hearing ideas from others (54; 18%), learning to justify ideas (51; 17%), and 
learning content more deeply by having learned it via argumentation (40; 
13%). There were no statistically significant changes over the four time 
points at which the question was asked, pre- and postmeasurement, 
indicating that while individual PSTs’ responses may have varied, there 
were no overall trends in the types of reasons reported. 

Table 7 
PST Report of Why Argumentation Is Important by Time Point 

Mode Description 

Pre-
Responses 

(n = 39) 
n (%) 

TM 
Responses 

(n = 38) 
n (%) 

ABS 
Responses 

(n = 39) 
n (%) 

Post 
Responses 

(n = 38) 
n (%) 

Total 
Across 
Time 

Points 
(n = 
154) 

n (%) 

Sharing ideas with 
peers and hearing 
others’ ideas 

7 (18%) 17 (45%) 17 (44%) 13 (34%) 54 
(18%) 

Justification of 
claims/ideas/strategies 
or explanation of 
reasoning 

14 (36%) 14 (37%) 9 (23%) 14 (37%) 51 
(17%) 

Support learning of 
content by learning it 
via argumentation 

12 (31%) 10 (26%) 10 (26%) 8 (21%) 40 
(13%) 

Develop 
argumentation skills 
including those that 
will apply outside of 
the classroom 

7 (18%) 10 (26%) 12 (31%) 4 (11%) 33 
(11%) 

Appreciate multiple 
perspectives on an 
issue, idea, or 
approach 

10 (26%) 8 (21%) 5 (13%) 6 (16%) 29 
(10%) 

Other 3 (8%) 5 (13%) 3 (8%) 11 (29%) 22 (7%) 

Apply content 
knowledge in the 
context of building 
arguments 

8 (21%) 3 (8%) 5 (13%) 4 (11%) 20 
(7%) 

Have opportunities to 
evaluate or critique 
others’ arguments 

6 (15%) 3 (8%) 3 (8%) 8 (21%) 20 
(7%) 

Reflect on students’ 
own learning or 
thinking 

3 (8%) 2 (5%) 4 (10%) 4 (11%) 13 (4%) 
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Mode Description 

Pre-
Responses 

(n = 39) 
n (%) 

TM 
Responses 

(n = 38) 
n (%) 

ABS 
Responses 

(n = 39) 
n (%) 

Post 
Responses 

(n = 38) 
n (%) 

Total 
Across 
Time 

Points 
(n = 
154) 

n (%) 

Engage in 
argumentation because 
it is a critical 
disciplinary practice 

4 (10%) 1 (3%) 4 (10%) 3 (8%) 12 (4%) 

Vague 0 (0%) 0 (0%) 2 (5%) 1 (3%) 3 (1%) 

 

Eighteen of the 38 PSTs (47%) who completed the postsurvey self-
reported a change in their perception of the importance of argumentation, 
triggering follow-up questions to describe the change. Descriptions of 
change in perception are shown in Table 8. The most prevalent description 
(9; 50%) was seeing the benefit/payoff of argumentation in terms of how 
it supports students, such as “I now believe that argumentation in science 
class can be very beneficial to students and can help them apply evidence” 
(science PST, presurvey). The second and third most frequent descriptors 
were better understanding what argumentation is (5; 28%) in ways that 
elevated its importance and, more generally, simply recognizing its 
importance (5; 28%), with no additional detail provided. The majority of 
descriptions given of the activities to which PSTs attributed change were 
activities associated with the OPS (12; 67%), including simulations and 
associated assignments; three were attributed to activities outside of the 
OPS (3; 17%), and three were not classifiable (6; 17%). 

Table 8 
Self-Reported Descriptions of Change in PSTs Perception of 
Argumentation 

Code Description 

All PST 
Responses  
(n = 18)[a] 

Recognize importance - 
see the 
payoff/effectiveness (in 
what it does for students)  

Reports change associated with seeing 
the payoff or effectiveness of engaging 
in argumentation for the 
students. It is sufficient to mention the 
benefit to students without specifying 
the nature of the benefit.  

9 (50%) 

Recognize importance - 
understanding makes me 
see its important  

Reports change due to a difference in 
their understanding of 
argumentation. This includes 
referencing a lack of understanding 
initially, even if the more robust 
understanding is not specified.  

5 (28%) 

Recognize importance - 
general  

Reports change associated with 
recognizing the importance of 
argumentation without explicitly 
going into detail.   

5 (28%) 
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Code Description 

All PST 
Responses  
(n = 18)[a] 

Increased 
exposure/considered for 
the first time  

Reports change associated with 
increased exposure to argumentation 
discussion or a that this is the first 
time they considered 
argumentation. References to doing 
activities during the course counts as 
reference to exposure.   

3 (17%) 

Recognize importance - 
became more connected to 
content  

Reports change associated with 
becoming more connected to the 
mathematics/science content.    

2 (11%) 

Other/Vague  Reports change that is not one of the 
previous codes or that is 
vague/unclear.   

1(6%) 

[a] Only 18 of the 38 PSTs who completed the postsurvey responded “yes” to the question 
“Have your perspectives about the importance of argumentation for secondary students 
changed over the course of the semester?” on the postsurvey; therefore, only 18 PSTs were 
given the following up prompt to describe how their perspectives changed. 

 

Results for RQ 4: PST Improvement in Ability to Facilitate 
Argumentation-Focused Discussions 

Pre/Post Teacher Moments Scores 

Findings from the scoring of the pre- and postenacted measure reflected 
neither directionality consistent with expectations (an increase on all 
indicators) nor strong evidence of improvement from pre to post (Figure 
3). When examining responses across all PSTs who had a full set of pre- 
and postmeasurement data (n = 37), only one indicator, Connections, had 
a statistically significant increase from pre to post. This measure was 
completed at both the pre and postmeasurement time points. However, 
only 37 PSTs completed the measure at both time points. Therefore, we 
only included the 37 PSTs who had the full set of pre and postdata in this 
comparison. No decreases reached the level of significance. The data 
achieved normality only for the overall score, suggesting that 
interpretation of the indicator scores requires caution. 

Self-Report of Improvement in Skill 

When asked how their level of preparedness to implement elements of 
high-quality discussion focused on argumentation changed over the 
course of the semester, the most frequent PST response was “more 
prepared by the end of the semester” (n = 115; 61%), followed by “a lot 
more prepared by the end of the semester (52; 27%), and then by “about 
the same level of preparedness by the end of the semester” (23; 12%). None 
(0; 0%) reported feeling less prepared. 
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Figure 3 
Scores by Indicator for the Pre/Post Teacher Moments Enacted 
Measure 

[a] Indicator that demonstrated statistically significant change 
(Connections).  

 

Slightly more than half of PST responses (89; 53%) responding to what 
they attributed this change in level of preparedness reported supports for 
their improvement that were coded as clearly associated with the OPS 
experience. Other PSTs reported supports that were coded as clearly not 
associated with OPS (17; 10%), such as their fieldwork or student teaching 
experiences, which may have taken place concurrently or prior to the 
semester of study. For example, one PST stated, “…my field experience 
helped me be more prepared” (science PST, postsurvey). The remaining 
PSTs reported supports were too vague to categorize as being clearly 
associated or not associated with the OPS (62; 37%); for example, 
“knowing everyone needs to speak their opinion” (science PST, post 
survey). 

Teacher Educator Report of Improvement in PSTs Skill 

When asked about how much progress PSTs made on elements of 
argumentation-focused discussion on a 4-point Likert scale (no progress, 
minimal progress, some progress, a lot of progress), the most frequent 
response for any of the five dimensions was some progress (22; 73%). The 
next most frequent response wa a lot of progress (5; 17%) and minimal 
progress (3; 10%). None of the TEs responded with no progress (0; 0%). 

We used TEs’ interview responses, in which TEs were asked to expand on 
the responses they had given in the most recent survey (Avatar-Based 
Simulation time point), to triangulate the assumption that the progress 
over the semester was connected to the use of the OPS. Three TEs — 
Angela, Barry, and Francisco — noted general improvement. For instance, 
Francisco offered, “I would attribute [the PST’s progress to the] … cycles 
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of teacher moments and Avatar-Based Simulation; I think that's what 
helped them develop [their] skills.” 

Others noted specific components of OPS or its implementation as drivers 
of improvement. For example, Dawn made specific reference to 
preparation, enactment, and debrief: “Just all of the preparation, the 
actual implementation, the debrief really helped them,” Christine 
attributed progress only to the preparation component, and Erin 
attributed it to the enactment component. Of note, while all TEs attributed 
improvement to the OPS, they also mentioned other factors. For example, 
Christine suggested that one reason the PSTs’ progress was notable was 
because they started with a great deal of room to grow, stating that “part 
of their progress comes from starting … at such a low level of preparation 
to facilitate an argument-based discussion.” 

During the interview, TEs were also asked the following question: “How 
does your PSTs’ progress this semester compare to their progress in other 
semesters when you’ve taught this course?” All of the TEs responded to the 
question by suggesting that their OPS-semester PSTs made more progress 
than past semesters, four of the TEs suggesting that it was a lot more 
progress than in prior semesters. Erin, for example, compared talking 
about discussions with PSTs in past semesters with actually preparing for 
and facilitating discussions this semester, saying, “But just … doing it on 
your own, having to plan, having to be on the spot and go through with the 
experience, I think it pushed them to see the value in it because they had 
the experience,” helping them to be “so much further along and in moving 
towards discussion and argumentation than students I've taught in the 
past.” 

Dawn said that the OPS PSTs created better lesson plans, in general, that 
included better questions than past groups of PSTs. Overall, the TEs 
suggested that the OPS and the multiple facets of the experience — 
including not only planning for but facilitating discussions — enabled 
PSTs to become better prepared for facilitating argument-based 
discussions. 

Discussion 

RQ1: PST Learning and Perception of Value 

PSTs and TEs were aligned in reporting what they believed the PSTs had 
learned from each simulation. PST responses most frequently reflected 
learning that we categorized as beliefs, although their descriptions of how 
the simulations worked to support them gravitated toward discussion of 
how the opportunity to practice was useful and that they practiced 
improving skills. Although there was some variability and a small number 
of dissenting responses, PSTs, and TEs overwhelmingly perceived the 
simulations to be appropriate inclusions in methods courses and 
recommended their future use. This is consistent with the literature 
indicating that approximations can support PST learning and are generally 
welcomed within programs of teacher preparation (Ghousseini, 2017; Lee 
& Lee, 2023; Mikeska et al., 2023). 

Of note, we found that takeaways were most often ones we would consider 
to be shifts in beliefs or in skill, with little direct report of shifts in 
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understanding of argumentation. There are limitations to this analysis, of 
course. Identifying a single main takeaway does not preclude there having 
been other learnings; it simply captures the one PSTs considered to have 
been the strongest. It is notable, however, that so many PSTs reported 
shifts in belief as a main takeaway, given that the literature generally 
conceptualizes simulations as focused on skill improvement. This suggests 
that calls to attend to beliefs when investigating interventions on skill (e.g. 
Cross Francis et al., 2023; Pajares,1992) still ring true, even in contexts 
such as digital simulations of practice. 

PSTs articulated an understanding of how the Teacher Moments and the 
Avatar-Based Simulation activities were supporting their role as a teacher 
that was consistent with the project’s understanding of how the activities 
would do so, as indicated by their focus on practicing discussion and 
specific subcomponents of it, and on argumentation-focused discussion, 
in particular. They also pointed out that the practice helped prepare them 
for real teaching and to understand how they were doing as teachers, 
which is consistent with the intended design of the OPS and with prior 
research indicating that learning requires productive beliefs about the 
innovation supporting learning (Charalambous, 2015). Concluding that 
learning is taking place does not, of course, logically require that the 
learner understand how and why the learning is taking place, but this 
consistency between self-reported mechanisms of learning and intended 
mechanisms triangulates the self-report from PSTs and TEs, supporting 
the claim that PSTs learned from these experiences. 

RQ2: PST Understanding of Argumentation 

There was no strong evidence of improvement in understanding of 
argumentation between pre- and postmeasurement time point. This may 
be because PSTs’ understandings of argumentation were already relatively 
strong, as the coding suggests that PSTs reported characteristics at both 
time points that were generally consistent with the project definition of 
argumentation, such as providing rationales, evidence, and reasoning to 
justify their own or others’ strategies, ideas, or claims. 

Just over half of the PSTs did self-report change in understanding of 
argumentation, but our coding of the nature of that change suggests that 
what PSTs categorized as shifts in understanding argumentation might be 
better described as better understanding the importance of argumentation 
to support student learning. This may suggest, using Chen et al.’s (2019) 
language, that improvement in understanding of argumentation was more 
focused on the why than on the what, a distinction that our survey 
questions did not allow us to disentangle. 

This is consistent with the findings from RQ1 that ideas we categorized as 
beliefs were most frequently reported as the main learning or takeaway for 
PSTs and with the relatively stronger evidence of shifts in beliefs reported 
under RQ3. As was the case for RQ1, where PSTs reported change, the 
activities to which they attributed that change were largely associated with 
the OPS and not with unrelated coursework or experiences, providing 
some evidence that this deepened understanding of the importance of 
argumentation was associated with the OPS. 
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RQ3: PST Change in Beliefs: Content Instruction and Teaching 
Preparedness 

The evidence of shifts in PSTs’ beliefs is the strongest of the three 
constructs investigated, corroborating the finding under RQ1 that the 
main takeaways PSTs reported were most often beliefs. Most scales on the 
quantitative beliefs measures showed statistically significant shifts in the 
anticipated direction despite the smaller sample sizes on the separate 
science and mathematics measures, and all showed directionally 
consistent change. PSTs’ responses indicate that they largely believed 
argumentation was important at the start of the semester, but their 
responses also show an increase from pre- to postmeasurement timepoint. 
This is consistent with the findings of RQ2 that showed self-reported shifts 
in PST understanding to be more consistent with shifts we would classify 
as a deeper understanding of its importance. 

Prior literature on changing teachers’ beliefs suggests immersion in 
environments that challenge preexisting beliefs can stimulate change 
(Cross, 2009). It could be that the suite’s focus on argumentation provided 
a focus and a context in which the PSTs were considering their beliefs 
about its importance. The reasons given for argumentation’s importance 
were consistent with the project’s definition of argumentation, including 
justification, supporting the development of content understanding and 
argumentation skills, and considering multiple perspectives. Just under 
half of PSTs reported change in their perception of the understanding of 
argumentation, with the majority attributing that change to the OPS. 

RQ4: PST Improvement Facilitating Argument-Focused 
Discussions 

The results for RQ4 are mixed and, therefore, more challenging to 
interpret. Our effort in this study, marking a divergence from the approach 
taken in the prior study with elementary teachers (Mikeska et al., 2025), 
was to design a lighter lift pre/post assessment that would still reveal 
evidence of growth, an effort that we judged to have sufficient potential 
payoff in simplicity and scalability to outweigh the known risk of designing 
a new instrument without established validity evidence. We did not, 
however, observe clear evidence to support the conclusion that PSTs 
improved in the target skill between pre- and postmeasurement 
timepoints. 

Self-report from PSTs and TEs provides stronger evidence of improvement 
in PST skill. PST survey responses indicate that most PSTs felt more 
prepared by the semester’s end to facilitate argumentation-focused 
discussions, with the sources of that improvement clearly associated with 
the OPS in just over half of responses. TE reports corroborate this finding, 
with most responses indicating that PSTs made some or a lot of progress, 
and their attributions of this progress were nearly entirely related to the 
OPS. 

Interview responses further supported the claim that PST learning was 
associated with the OPS by comparing it to similar classes taught in past 
semesters, with all of the TEs reporting their perception that PSTs made 
more progress in developing their skills to lead argumentation-focused 
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discussion this semester than in prior semesters. As noted under RQ1, 
PSTs’ self-identified takeaways were associated with improvement in skill 
in 25% of responses, and their descriptions of how OPS supported their 
role as a teacher were associated with skill improvement in 38% of 
responses. While our quantitative measure did not support the conclusion, 
PSTs and TEs clearly believed that the PSTs’ skills had improved. 

Given the mixed evidence, it is worth digging into the evidence we have, 
even if weak, from the quantitative measure and what it suggests for future 
refinement or design. The sample size was small, but the lack of consistent 
directionality suggests that the instrument did not function as designed. 
PSTs and TEs reported self-improvement consistent with reported 
improvement on associated studies that found a strong pre/post change in 
skill (Mikeska et al., 2023), but our pre/post measure did not confirm that 
improvement. 

The fact that some indicators showed predicted growth suggests some 
potential, perhaps as of yet unrealized, for such an instrument to function 
well. Given the data we have, it is impossible to draw strong conclusions 
about whether the instrument accurately demonstrates a lack of growth or 
is inadequate to pick up growth, but we suspect, based on the relative 
strength of the self-reports data, that either the instrument, the scoring 
process, or the format may be at issue. 

For example, one might hypothesize that the written response format is 
too far from the enactment of argumentation to demonstrate a true 
measure of skill and that an interactive assessment like the one used in 
Mikeska et al. (2025) is needed. Put another way, and perhaps just as 
scholars theorize that teachers best learn through approximating practice 
(Ghousseini, 2017; Grossman et al., 2009; Kavanagh, Conrad et al., 2020), 
we might need to measure change in practice through a closer 
approximation of the practice itself. Alternately, one might hypothesize 
that our scoring, which attended both to the quality of response and to the 
consistent presence of markers across four different open field entries, 
might be out of alignment with the ways teachers respond across multiple 
response boxes and what assumptions they make about the appropriate 
length of each individual response, and that a different scoring process 
might have yielded more useful information. All of these are hypotheses 
worth exploring in future work, as the goal of measuring a complex 
construct in a relatively straightforward way is still worth pursuing even if 
our initial exploratory efforts did not accomplish it. 

Limitations 

Limitations have been noted throughout but are worth reiterating here. 
Most critically, our sample sizes are generally small, particularly where 
mathematics and science instrumentation are different. This limits our 
quantitative findings, although it also points to the strength of the findings 
that are statistically significant despite this limitation. Given the smaller 
sample sizes and the exploratory nature of both the approach and the tools 
available to measure its success, we conceptualized the study more as an 
initial effort to begin to build evidence to support and understand the 
approach in this context. To strengthen the evidence base, in future 
research, it would be important to address similar questions with larger 
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and more diverse samples, including preservice and in-service teachers 
across varied teacher education programs and school districts. 

As discussed previously, a significant known risk of the study was the use 
of a newly enacted measure using the Teacher Moments platform, which 
was untested prior to the study. Our evidence also relies on self-report 
data, which has inherent weaknesses, including the possibility of priming 
PSTs to see OPS in a more positive light because we asked them about it 
frequently. We did, however, make substantial efforts to address these by 
drawing on multiple data types, quantitative and qualitative, and across 
both the PST and TEs groups to triangulate findings more generally. We 
did not see evidence of findings reliant on self-report data contradicting 
other findings, except the mixed results for the fourth research question. 
In future research, it would be useful to further refine the assessment 
tools, especially the newly enacted measure used in this study, and 
examine their use with larger and more diverse teacher populations. 

Another inherent limitation of the study design is that the OPS was 
implemented as a whole, making it impossible to disentangle the impact 
of various components. For example, even in cases where the evidence 
supports the OPS having a strong impact on PST thinking and PSTs and 
TEs cite the simulations and practice they provided as the source of that 
impact, we cannot dismiss competing hypotheses, such as the impact 
being as much a result of the sustained focus on argumentation than on 
the specific configuration of tools and approaches that made up the OPS. 
Likewise, we cannot dismiss the possibility that activities and experiences 
unrelated to the implementation of the OPS contributed to or drove impact 
for individuals, as PSTs are not just enrolled in a single course but are 
involved in larger collections of experiences intended to support their 
development as teachers. 

Conclusion 

This study was exploratory in nature, designed to begin building an 
evidentiary basis for the claim that approaches like the OPS, focused on 
the use of a scaffolded set of simulations related to a single teaching 
practice, can over time support secondary mathematics and science PSTs’ 
learning of that practice. Our results were mixed, with strong evidence that 
PSTs believed they benefited from the experience and that both TEs and 
PSTs saw value in the approach. The strongest evidence, however, 
accumulated around just one of the main constructs investigated: PST 
beliefs. 

This finding is particularly intriguing because most work on simulation 
design has focused on the development of skills, not beliefs, with the idea 
that “practice” quite literally helps one become better at doing the thing 
being practiced (Grossman et al., 2009). It is also intriguing because 
beliefs are generally seen as influencing instructional decisions (e.g., Luft 
et al., 2011) rather than instructional moves influencing beliefs. 

Our results suggest either a different directionality or a codevelopment 
that is more complex. PSTs in our study appear to have had a reasonable 
understanding of argumentation, to begin with, and they may have 
become better at facilitating argumentation-based discussions (the 
evidence is inconclusive), but they clearly did develop a deeper 
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appreciation for argumentation and its importance. This is especially 
notable given that beliefs are notoriously difficult to change; the use of an 
experiential endeavor like simulations is not a typical approach to 
changing beliefs, but the evidence suggests it might be one worth 
considering. We hope that future research will continue to build on the 
emergent evidence base, continue to press for more efficient 
instrumentation while learning from the limitations reported, and 
continue to explore the relationship between skills and beliefs in PST 
learning. 
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Appendix A 
Instruments and Data Type Used to Respond to Research Questions 

Research 
Question 

Presemester Instruments Midsemester Instruments Postsemester Instruments 
PST 

Presurvey 
PST 

Preenacted 
Measure 

PST TM 
Task Survey 

TE TM Task 
Survey 

PST ABS 
Task Survey 

TE ABS 
Task Survey 

PST Post 
Survey 

PST 
Postenacted 

Measure 

TE Postinterview 

RQ1 PST 
Learning and 
Perception of 
Value 

- - 

Open 
Response 

Likert 
Yes/No 

Open 
Response 

Likert 

Open 
Response 

Likert 
Yes/No 

Open 
Response 

Likert - - -

RQ2 PST 
Understanding 
of Argument-
Focused 
Discussions 

Open 
Response - - - - - 

Open 
Response 

Likert 
Yes/No 

- - 

RQ3 PST 
Change in 
Beliefs: Content 
Instruction and 
Teaching 
Preparedness 

Open 
Response 
Yes/No  

Likert 
Open 

Response 
Yes/No 

- 
Open 

Response 
Yes/No 

- 

Open 
Response 

Likert 
Yes/No 

- - 

RQ4 PST 
Improvement 
Facilitating 
Argument-
Focused 
Discussions 

- MBI/TBEST 
Items - - Likert Likert 

Likert 
Open 

Response 

MBI/TBEST 
Items Open Response 

Note. PST = preservice teacher; TE = teacher educator; TM = Teacher Moments; ABS = Avatar-Based Simulation; RQ = Research Question; MBI = 
Mathematics Beliefs Instrument; TBEST = Teacher Beliefs about Effective Science Teaching 
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Appendix B 
Survey Items Analyzed by Research Question 

Question (abbreviated) PST/TE Survey(s) 
Response 

Type Codebook 
Total 

Responses 

No. of 
Responses 

Group 
Coded 

No. of 
Responses 

Double 
Coded 

Agreement 
for Double 

Coded 
Responses 

[a] 

RQ1 (Perceptions) 

Describe your main takeaway/learning from the simulation cycle. PST TM, ABS Open Adapted 77b 11 (14%) 16 (21%) 92% 
(0.734) 

What did your PSTs learn from participating in the simulation cycle? TE TM, ABS Open Adapted 12d 0 (0%) 12 (100%) 87% 
(0.696) 

How appropriate do you believe a TM/ABS activity would be as a 
component of a teacher preparation methods course? PST, TE TM, ABS Likert n/a 77[b], 12[d] -- -- --

Would you recommend including TM/ABS discussions in future 
courses? PST TM, ABS Likert n/a 77[b] -- -- --

In your view, in what ways did the simulation experience support you in 
your role as a math/science teacher?  PST TM, ABS Open New 77[b] 11 (14%) 16 (21%) 93% 

(0.707) 
RQ2 (Understanding) 

In your view, what are the characteristics of high-quality discussions 
focused on argumentation in a math/science classroom? PST Pre, Post Open Adapted 77[c] 8 (11%) 16 (21%) 94% 

(0.864) 

Has your view of high-quality discussion focused on argumentation in a 
math/science classroom changed over the course of the semester? PST Post Likert n/a 38 -- -- --

Describe how your view of high-quality discussions focused on 
argumentation has changed over the course of the semester. PST Post Open New 20e 0 (0%) 20 (100%) 97% 

(0.949) 
What activities or experiences, inside or outside of class, do you feel 
contributed to that change, and how? PST Post Open New 20 0 (0%) 20 (100%) 98% 

(0.981) 

RQ3 (Beliefs) 
How important do you feel it is for secondary students to have 
opportunities to engage in argumentation in math/science? PST Pre, TM, 

ABS, Post Likert n/a 154[f] -- -- --

Explain why you think it is or is not important for secondary students to 
have opportunities to engage in argumentation in science/math. PST Pre, TM, 

ABS, Post Open Adapted 154[f] 24 (16%) 26 (17%) 92% 
(0.780) 

Have your perspectives about the importance of argumentation for 
secondary students changed over the course of the semester? PST Post Likert n/a 38 -- -- --

Please describe in your own words how your perspectives of the 
importance of argumentation for secondary students has changed. PST Post Open New 18[g] 0 (0%) 18 (100%) 94% 

(0.899) 

What experiences inside or outside of class contributed to that change? PST Post Open New 18[g] 0 (0%) 18 (100%) 87% 
(0.840) 

RQ4 (Skill) 

How did your level of preparedness to implement each element of AFD 
change over the course of the semester? PST Post Likert n/a 190[h] -- -- --

Explain what supports helped you to be more prepared with respect to the 
following elements of argumentation-focused discussion. PST Post Open New 167 17 (10%) 34 (20%) 90% 

(0.879) 
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Question (abbreviated) PST/TE Survey(s) 
Response 

Type Codebook 
Total 

Responses 

No. of 
Responses 

Group 
Coded 

No. of 
Responses 

Double 
Coded 

Agreement 
for Double 

Coded 
Responses 

[a] 

To what extent have your PSTs shown progress in developing their skills 
in elements of AFD from the beginning to the end of the semester? TE ABS Likert n/a 30[i] -- -- --

[a] Percent Agreement (One-way random Average Measures ICC) 
[b] This question was asked on both the TM survey and the ABS survey. All 39 PSTs responded to the ABS survey; however, one PST did not complete the TM survey, resulting in 38 responses for the 
TM survey, and a total of 77 responses overall. 
[c] This question was asked on both the presurvey and postsurvey. All 39 PSTs responded to the presurvey. However, one PST did not complete the postsurvey, resulting in 38 responses for the 
postsurvey and a total of 77 responses overall. 
[d] This question was asked on both the presurvey and postsurvey. All six TEs responded to both the presurvey and postsurvey, resulting in a total of 12 responses overall. 
[e] Only 20 of the 38 PSTs who completed the postsurvey responded “yes” to the question “Has your view of the high-quality discussion focused on argumentation in a math/science classroom changed 
over the course of the semester?” on the postsurvey. Therefore, only 20 PSTs were given the follow-up prompt. 
[f] This question was asked on the presurvey, TM survey, ABS survey, and postsurvey. All 39 PSTs responded to the presurvey and ABS survey; however, one PST did not complete the TM survey and 
postsurvey, resulting in 38 responses for the TM survey and postsurvey and a total of 154 responses. 
[g] Only 18 of the 38 PSTs who completed the postsurvey responded “yes” to the question “Have your perspectives about the importance of argumentation for secondary students changed over the 
course of the semester?” on the postsurvey; therefore, only 18 PSTs were given the follow up prompt to describe how their perspectives changed. 
[h] This question was asked on the postsurvey. However, only 38 PSTs completed the postsurvey. There were a total of 190 data points for this question, as the 38 PSTs responded across each of the five 
elements of high-quality discussion focused on argumentation. 
[i] This question was asked on the postsurvey. which was completed by all six TEs. There were a total of 30 data points for this question, as the 6 TEs responded across each of the five elements of high-
quality discussion focused on argumentation. 
Note. PST = preservice teacher; TE = teacher educator; TM = Teacher Moments; ABS = Avatar-Based Simulation; RQ = Research Question 
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