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Abstract
Given the limited time available during teacher preparation, teacher educators must make zero-
sum choices about the pedagogies they choose to prepare pre-service teachers. Yet the field lacks
rigorous causal evidence regarding the relative efficacy of different pedagogies to inform teacher
educator decision-making. To begin to address this issue, we randomly assigned 185 college
students to one of three experimental conditions reflective of common teacher preparation
pedagogies. We find significant and large positive effects of practice-based pedagogies on
participants’ skills in eliciting and responding to student thinking as demonstrated through a
written assessment and a short teaching episode. Our findings contribute to a developing
evidence base that can assist policymakers and teacher educators in designing effective teacher

preparation at scale.
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Practice-Based Teacher Education Pedagogies Improve Responsiveness:
Evidence from a Lab Experiment

One way to improve student learning outcomes at scale is to improve the quality of
teacher preparation (Cochran-Smith et al., 2016; Sleeter, 2014). One way to do this is by
ensuring teacher educators and policymakers have rigorous evidence to decide how to effectively
and efficiently allocate pre-service teachers’ (PSTs’) limited training time (Wilson et al., 2002;
Grossman, 2008). However, few rigorous research programs have systematically investigated
what works, for whom and in what contexts when it comes to the pedagogies teacher educators
use in their classes with PSTs (Mancenido, 2024; see also National Academies of Sciences,
Engineering, and Medicine, 2022: p. 105-6). Indeed, despite one such set of pedagogies, broadly
conceptualized as ‘practice-based teacher education’ recently growing in popularity across the
field (Ball & Cohen, 1999; Grossman, 2018; Lampert, 2010; McDonald et al., 2013), there
remains limited rigorous causal evidence aimed at understanding their effectiveness relative to
more traditional pedagogies teacher educators may choose to use.

To address this gap, this paper reports findings from a lab experiment aimed at generating
some of the first causal evidence on the relative effectiveness of practice-based teacher education
pedagogies. Our overall goal as researchers is to investigate the effectiveness of practice-based
pedagogies as enacted in teacher preparation programs. However, given the paucity of causal
research on the topic, we chose to first undertake a lab experiment to test whether there was an
empirical warrant for larger and more ecologically valid studies, similar to how rigorous causal
evidence accretes in other subfields (e.g., Borko, 2004). We randomly assigned 185 college
undergraduates to experience one of three one-hour interventions, all aimed at developing their

skills in eliciting and responding to student thinking within the context of elementary math
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instruction. These three interventions variously combined distillations of common pedagogies
currently used in the field. The traditional pedagogies intervention involved reading and
discussing research on teaching, followed by reflecting on personal experiences of teaching. The
practice-based pedagogies intervention involved decomposing a video of expert teaching, and
then approximating practice with peers and a teacher educator. The mixed pedagogies
intervention involved reading and discussing research on teaching, followed by decomposing a
video of expert teaching.

We find significant and large positive effects of the practice-based and mixed conditions
on eliciting and responding to student thinking as demonstrated through a written assessment and
a short teaching episode. Notably, we find that only the practice-based condition improved
participants’ responsiveness on a teaching task that was proximal but distinct from the one
featured in the intervention. These findings provide lab-based causal evidence of the relative
effectiveness of practice-based teacher education pedagogies in developing complex teaching
practices, validating the potential value for further studies that investigate underlying
mechanisms and test for ecological validity. We posit this as a first step to developing a more
rigorous evidence base that can help policymakers and teacher educators design effective teacher
preparation at scale.

Literature Review

Over the past two decades, teacher effectiveness scholars and some U.S. policymakers
have identified high-leverage teaching practices that pre-service teachers should master prior to
entering their own classrooms — for example, designing lessons and lesson sequences,
explaining and modeling content, eliciting and responding to student thinking, and building

teacher-student relationships (e.g., Council of Chief State School Officers, 2013; Darling-
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Hammond & Bransford, 2005; Grossman, 2018; Michigan Department of Education, 2018). To
ensure pre-service teachers (PSTs) achieve these learning goals during the limited time available
during teacher education programs, teacher educators must select among different pedagogies.

Traditionally, the modal pedagogical approach in teacher preparation program
coursework has involved — through reading, discussion, and reflection — directly interrogating
and revising the (incorrect) mental models PSTs have of teaching developed through their
apprenticeship of observation as a PreK-12 student (Grossman, Hammerness et al., 2009;
Wideen et al., 1998). This can take several forms: PSTs might read about a certain instructional
practice, discuss what they have read with others, reflect on how what they are learning relates to
their pre-existing beliefs about teaching, and synthesize their learning via reflection or planning.
During these discussions and reflections, teacher educators sometimes model the specific
practices being discussed, providing concrete examples for PSTs.

Teacher educators that prioritize traditional pedagogies often justify their decisions based
on decades of research showing that teachers’ conceptual models precede and therefore
determine their classroom practices (Fang, 1996; Pajares, 1992; Maggioni & Parkinson, 2008;
Richardson et al., 1991). As such, pre-service teacher preparation should be most effective and
efficient when it uses reading, discussion, and/or reflection to directly  provide = PSTs with
the appropriate mental models, knowledge, beliefs, and/or dispositions to make high-quality
decisions regardless of situation or context (Clark, 1988; Pajares, 1993; Nespor, 1987; Wideen et
al., 1998). Indeed, some researchers argue that when teacher educators do not explicitly and
directly focus on conceptual models but instead focus on specific instructional skills that are
effective in certain situations and contexts — as in the ‘micro-teaching’ experiments of the 1960s

— teachers can become technicians implementing “decontextualized moves” rather than
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professionals using their informed judgment to engage in complex decision-making and practice
(Wideen et al., 1998; Zeichner, 2012).

Another set of teacher education pedagogies — hereafter practice-based pedagogies — also
focus onthe  development of PSTs’ conceptual models for teaching, but aim to do so through
learning in, from and through practice (Ball & Cohen, 1999; Grossman, 2018; Lampert, 2010).
This often involves specifying and supporting PSTs to acquire “the strategies, routines, or
activities that novices need to learn to do and from which they will continue to learn teaching”
(Lampert, 2010: p. 26). Advocates of this approach argue that teaching is complex— particularly
‘ambitious’ teaching that prioritizes student thinking and reasoning — and so focusing on specific
teaching practices and developing conceptual understanding for how to apply those practices
appropriately can enhance novice teachers’ pedagogical reasoning (Kavanagh et al., 2020),
judgment (Lampert et al., 2013) and instruction (Kavanagh & Rainey, 2017). Scholars who study
and use practice-based pedagogies also argue that they more effectively prepare PSTs because
they make the complexity of teaching more tractable for novices, reducing cognitive load when
learning to teach. This in turn supports skill-building, automaticity, and the development of
conceptual models for teaching (Grossman, Compton et al., 2009; Grossman, Hammerness et al.,
2009). For example, Windschitl et al. (2012) argue that practicing instructional activities in low-
stakes simulated environments reduces the cognitive load for new teachers once they get into
their classrooms. Similarly, Stroupe & Gotwals (2018) argue that practice-based approaches
reduce PSTs’ anxiety and increase their self-efficacy, which makes them more confident and
able to engage in the responsive, interactive elements of classroom practice.

Within the ‘practice-based’ umbrella, there are many types of pedagogies (Grossman,

Compton et al., 2009), many forms of such types (Grossman, 2018), and many theories about
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how they can be best sequenced (e.g., Lampert, 2013). In this study, we focus on two specific
practice-based pedagogies that have gained increasing popularity within teacher education
program coursework. The first pedagogy involves novices observing and analyzing videos of
complex teaching practices as enacted by expert teachers (e.g., Barnhart & van Es, 2015; Sherin
& van Es, 2005). Different than simple modeling of practice in the teacher education classroom,
as can occur in more traditional pedagogies, these decompositions support novices’ observations
of actual classroom teachers’ practice by drawing attention to and breaking down specific events
and decisions (Danielson, 2021). This deepens novices’ understanding of the specific
components of a complex practice, as well as how and why experts may have chosen to use that
practice in the moment. Decompositions thus help PSTs attend to and learn about the essential
elements of a practice as enacted by expert teachers, developing their conceptual models for that
practice, while — potentially also — building their skills for ~ enacting it themselves in the future
(Danielson, 2021; Grossman, Compton et al., 2009). The second practice-based pedagogy
focused on in this study involves PSTs practicing discrete teaching practices with peers and a
teacher educator (e.g., Schutz et al., 2019; Kavanagh et al., 2020). These approximations are
opportunities for novices to engage in “deliberate practice” (Ericsson, 2002) through
experiences, such as simulations and rehearsals, that are proximal to classroom teaching.
Although approximations can vary depending on the “authenticity” with which they approximate
day-to-day classroom practice (Schutz et al., 2019), what is common is that teacher educators
actively shape the experience to “provide opportunities for students to experiment with new
skills, roles, and ways of thinking with more support and feedback than actual practice in the
field allows” (Grossman, Compton et al., 2009: p. 2076-7). For instance, in the case of rehearsals

or other simulated practice (Kavanagh et al., 2020), this can include interjecting to provide
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positive feedback in the moment, making suggestions on how to elevate instruction, offering a
“rewind” to have another go, or holding discussions about critical events or decisions.
Approximations thus help PSTs attend to and learn about the essential elements of a practice
through enacting it themselves with others. This helps develop their conceptual models for that
practice, while — potentially also — building their skills for using it in the future (Kavanagh et al,
2020; Grossman, Compton et al., 2009).

Despite well-developed theory motivating the use of various traditional and practice-
based teacher education pedagogies, no studies have rigorously evaluated their relative
effectiveness — or the effectiveness of their combination — in preparing PSTs for complex
teaching practice. Several studies have used non-experimental designs, however, and shown
positive correlations between practice-based pedagogies and PST outcomes. For example,
Kavanagh & Rainey (2017) analyzed video of teacher education coursework and PSTs’
classroom instruction, finding instructional practices taught primarily through practice-based
approaches were more frequently observed in PSTs’ subsequent classroom instruction. Other
studies have used experimental designs but not been able to provide theoretically-aligned
evidence of the relative effectiveness of either type of pedagogy. For example, Strasser et al.
(2021) compared video analysis, deliberate rehearsal, and a more traditional approach. However,
for logistical reasons, the authors varied the content between the practice-based conditions
(language stimulation skills for pre-K classrooms) and the traditional approach (letter
knowledge, phonemic awareness, print awareness), preventing a clean comparison. Another
study, Sims et al. (2023), randomly assigned PSTs to either read about effective questioning for
retrieval or watch an expert teacher model the practice, finding positive effects for the modelling

condition. While the authors note that modelling plays an important role in some practice-based
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pedagogies, they acknowledge their study generated evidence only of the effects of modelling
itself, not on the sorts of practice-based pedagogies more commonly used in teacher education
coursework and studied in the field (Kavanagh et al., 2020; Shutz et al., 2019).

The Present Study

To begin to fill this gap in the literature, we chose to undertake a lab experiment. Since
being criticized for their limited ecological validity during the era of process-product research in
the 1960s and 70s (Gage & Needels, 1989), lab experiments in teacher education research have
remained relatively limited (see e.g., Dotger et al., 2010; Ely et al., 2018 for exceptions).
However, they remain key to theory-building in other fields such as psychology and behavioural
economics (Falk & Heckman, 2009; List, 2007), and have long been used as cheap, low-stakes
ways to empirically test whether larger, more expensive, and more complex ecologically valid
studies may be worth it (e.g., the progression of project types funded by the Institute of
Education Sciences, see National Academies of Sciences, Engineering, and Medicine, 2022: Ch.
4). As such, we chose to undertake a lab experiment because we wanted to both test established
theories on teacher preparation pedagogies, and to generate an initial empirical warrant for a
larger more ecologically valid program of research.

We designed the lab experiment to compare the relative effectiveness of traditional
pedagogies, practice-based pedagogies, and a mix of both. We recognize that a horse-race
comparison of these pedagogies may seem artificial to teacher educators who, when designing
their courses, curate and sequence various pedagogies — traditional, practice-based, or other —
from week-to-week depending on their learning goals. That said, there will always be limited
time during teacher preparation, and so teacher educators must make zero-sum choices about

what to do. Studies of the relative effectiveness of specific pedagogies can therefore assist
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teacher educators in decision-making, particularly in those cases when they have discretion over
what to do with any “last” or “additional” time.

We developed our interventions to reflect — as best as possible within the confines of a
lab experiment — common forms of traditional and practice-based pedagogies currently used in
the field. We then tested these interventions in the context of preparing PSTs to elicit and
respond to student thinking during math instruction, a relatively complex practice requiring the
noticing and interpretation of student thinking and the formulation of a response based on
content and instructional goals (Barnhart & van Es, 2015; Boerst et al., 2011; Shaughnessy &
Boerst, 2018). Given its relationship to student learning, eliciting and responding to student
thinking is generally agreed to be an essential teaching practice for novice teachers to acquire
during teacher preparation (Blazar, 2015; Bransford et al., 1999; Kane et al., 2011; Nystrand &
Gamoran, 1991). Thus our primary research question guiding study design and analysis was:

Research Question #1: Which teacher education pedagogy is most effective in preparing

study participants to elicit and respond to student thinking during math instruction: (1)

reading then reflecting on research (traditional); (2) decomposing a video of expert

teaching and then approximating practice with peers and a teacher educator (practice-

based); or (3) reading research and then decomposing a video of expert teaching (mixed)?

We answered this question using two outcome measures: vignettes that presented a short
snippet of mathematics instruction and then asked participants to write how they would respond
to a particular student; and live enactments that required participants to teach mathematics for up
to 10 minutes to two trained actors. Given theory that suggests traditional pedagogies are more
comprehensive (i.e., preparing PSTs with mental models that guide practice regardless of

situation and context) and some scholars’ concerns that practice-based pedagogies may be too
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narrow in their focus (i.e., leading PSTs to learn “decontextualized moves”), we designed the
live enactments to measure eliciting and responding to student thinking across two different
teaching tasks. One teaching task (teaching students who provide correct answers) aligned
closely with participants’ training during the interventions; the other task (teaching students who
provide incorrect answers) allowed research participants to elicit and respond to students, but
was not the focus of the interventions. We assessed participants on these two different tasks to

answer the following question:

Research Question #2: Are there differences across treatment conditions in performance

on teaching tasks that are more vs less proximal to the intervention focus?

Figure 1 summarizes the experimental design and study protocol of the lab experiment. In
what follows, we provide a brief overview of study protocol and intervention development and
then describe the interventions in detail.

The study protocol and interventions were developed iteratively in a three-stage process.
First, we synthesized existing research on practice-based teacher preparation and observed
practical examples of decompositions and approximations to identify key mechanisms that
distinguished them from one another and from more traditional approaches. We then designed a
study protocol and interventions that allowed for the distillation and evaluation of these
mechanisms. To ensure we were evaluating only differences in pedagogies, we tried as much as
possible to keep the actual content of the three conditions parallel by using similar phrasing,
problems and examples across conditions. Second, to enhance internal and external validity, we
sought feedback on our protocol and interventions from teacher education researchers and

experimental design methods experts. We did this because we wanted our interventions to reflect
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what both traditional and practice-based teacher educators were doing in their courses, and we
wanted our interventions to be as specified and our design to be as rigorous as possible. Finally,
we piloted the study protocol and interventions with graduate and undergraduate students to
ensure procedures were easy to understand, could be completed within allotted time, and thus
that any identified effects could be attributable to the interventions and not due to issues with
engaging in the study.

The study began with an intake survey (described below) after which participants
scheduled themselves for a two-hour lab session. During each session, facilitators spent the first
ten minutes introducing participants to the focus of the study (e.g., “our focus is to improve how
you elicit and use student ideas to help students achieve their learning goals”). Facilitators
defined the practice, solicited participants’ personal experiences of observing effective eliciting
and responding to student thinking, and then reinforced the importance of this practice for
student learning, particularly within the context of elementary math teaching. This introduction
ensured participants, regardless of eventual treatment condition, were equivalently oriented to
the focus of the study and had a shared language for describing the practice they were to develop.
Following this introduction, participants were randomly assigned to one of the three hour-long
interventions. After finishing the intervention, participants then completed the posttest outcome
measures as described below. Participants were compensated $60 for their time and effort once
they completed all study procedures, about two and a half hours of effort.

Traditional pedagogies condition

We designed the traditional condition to reflect both the theoretical underpinnings of the

approach and its most commonly used forms: reading and discussing research on teaching,

followed by further reflection and discussion. Facilitators began the intervention by explaining

12
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how reading and discussing research on teaching helps novices learn what teaching practices are
effective and why, so they can have the conceptual tools to flexibly enact effective practices in
future. Participants then spent twelve minutes reading a short chapter that summarized research
on eliciting and responding to student thinking, gave examples of teachers doing the practice
well and poorly when students provide correct or partially correct responses, and offered key
principles for enacting the practice effectively (National Council of Teachers of Mathematics,
2014). Participants then engaged in a facilitated discussion. The facilitator ensured that each
participant shared during the discussion and highlighted key ideas, including: that students
sharing and discussing their mathematical ideas deepens their understanding; that different types
of questions (gathering information, probing thinking, making the mathematics visible,
encouraging reflection and justification) should be purposefully selected and patterned to enable
students to engage in meaningful mathematical discussion; and that responding to student
thinking involves pushing students to clarify their ideas, even when they provide correct
answers, in order to deepen mathematical understanding in line with lesson goals. The discussion
concluded with participants identifying key takeaways they would remember for the next time
they taught.

At the half hour mark, participants transitioned to a reflection activity where they linked
their learning to prior experiences and made commitments for future action. Facilitators began by
motivating the activity, noting how consolidating learning makes it more likely that we
remember it and put it into practice next time we teach. Participants were then given 20 minutes
to individually respond to two prompts: (1) How do the key concepts raised in the previous
reading and discussion about eliciting and responding to student thinking align with your own

experiences as a student and/or teacher?; and (2) What are two principles about effective
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teaching that you are taking away and/or re-committing to based on the previous reading and
discussion? Facilitators suggested participants write roughly 250 words per question. Facilitators
monitored the shared document to ensure participants were engaged. In the remaining 10
minutes, the facilitator had each participant share one principle about eliciting and responding to
student thinking they were taking away or recommitting to, encouraging them to make explicit
how their thinking had changed over the previous hour. During this discussion the facilitator
modeled effective eliciting and responding to student thinking by asking probing questions and
making connections between ideas.
Practice-based pedagogies condition

We designed the practice-based condition to reflect commonly enacted forms of
decompositions and approximations: analyzing video of expert teaching, and practicing teaching
with peers and a teacher educator. Facilitators began the intervention by motivating the value of
analyzing expert teaching. Participants then watched a short video of an expert teacher helping
students solve a single-digit addition problem by eliciting and responding to their thinking. To
assist with identifying the component parts of this teaching practice, participants recorded what
the teacher said or did in a graphic organizer. Facilitators then led a discussion in which all
participants shared what they noticed the teacher saying or doing to elicit and use student
thinking. Participants then watched a segment of the clip again to break down the decisions the
teacher made, hypothesizing about why they might have chosen to respond to students in
particular ways. Facilitators then elicited and responded to participants’ share-outs, highlighting
key practices the expert teacher used, including: revoicing student ideas; posing a series of
factual questions to clarify students’ thinking; drawing on and probing students’ thinking to

highlight mathematical ideas; and comparing students’ ideas to illuminate the focal concept of
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efficient strategies. To conclude the discussion, facilitators prompted participants to identify
takeaways from the video and discussion, as well as two strategies that they would remember for
the next time they taught.

At the half hour mark, participants transitioned to an approximation activity, where they
prepared to teach the same problem taught in the video they just analyzed to at least one other
participant (or research assistant [RA] acting as a confederate) and the facilitator. We used the
same mathematics problem in the decomposition and approximation activities to reflect
sequences of practice-based pedagogies as described in the research literature (McDonald et al.,
2013). Participants were given five minutes to prepare, with optional planning questions such as
“how would you respond if...?”” and “What clarifying or probing questions can you ask students
to make their thinking clearer to other students?”” After the five minutes, participants took turns
playing the teacher or a student, with the facilitator interjecting at appropriate intervals to enact
four signature teacher educator strategies during approximations: providing positive feedback in
the moment, suggesting what the participant could do to elevate instruction, suggesting a rewind
to give the participant another chance, and pausing briefly to hold a quick discussion about what
the participant should do next and why (Kavanagh et al., 2020; Shutz et al, 2019). In the last five
minutes, facilitators convened a short discussion, prompting participants to share reflections
from the experience and identify two strategies they will use in future teaching.

Mixed condition

We designed the mixed condition to reflect — to our knowledge — a commonly enacted
form of teacher education that blends traditional and practice-based pedagogies: reading and
discussion followed by video analysis (e.g., van Es et al., 2017). In the first half hour,

participants completed the reading and discussion of research on teaching. In the second half
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hour, participants completed the decomposition of a video of an expert teacher helping students
solve a single-digit addition problem. Both activities were run as described above.

Method
Sample and Setting

The study was conducted at two highly selective private universities in the northeast
United States. As our initial power analyses suggested we needed more participants! than the
total population of pre-service teachers attending both universities, we decided instead to recruit
students from the general undergraduate population. We recruited 185 undergraduates to
complete an intake survey and attend one of 45 lab experiment sessions held between February-
July 2022. Participants were recruited through departmental and student group mailing lists,
flyers posted in classrooms and across campuses, social media networks, and referrals from
participants who had already completed the study. Column 1 in Table 1 provides descriptive
statistics of demographic and pretest characteristics of the sample overall (n=185). Columns 2-4
in Table 1 break it down by treatment assignment (n=62 for the practice-based condition; n=63
for the mixed condition; and n=60 for the traditional condition, though see below for a note on
attrition and the final analytic sample, which was n=179).

On average, participants were approximately 20 years old, approximately half identified
as white, a majority identified as female, and nearly two-thirds reported majoring in STEM
fields. This was an academically very high achieving sample, with an average percentile rank on
the math portion of the SAT or ACT of 96.15.

Although not demographically representative of the average student enrolled in a teacher
preparation program in the US (Ingersoll et al., 2018), our recruitment strategies aimed to

mitigate concerns about generalizability to the pre-service teacher population in two ways. First,
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we purposefully sought to recruit participants who were curious about or interested in teaching,
and thus who potentially could choose to teach following graduation (neither university we
recruited participants from offered an undergraduate teacher preparation pathway). Second, we
identified three observable characteristics that distinguish pre-service teachers (interest in
teaching, experience with teaching, and courses taken in education), collected participant data on
these characteristics, and then checked they were evenly distributed across all three treatment
groups. As shown in Table 1, 77% of participants reported an interest in teaching as a career;
nearly all participants reported experience leading or teaching children (e.g., as a tutor, teaching
assistant or aide); and just over one-third of participants had taken at least one education-related
college course. This suggests that although our participants were not pre-service teachers at the
time, they were not unfamiliar with teaching — both in terms of interest and experience.?
Regardless, we test whether findings are sensitive to these characteristics by controlling for them
in our conditional model (described below).

Columns 2-4 in Table 1 present the results of regressions designed to assess whether
random assignment created, by chance, an imbalance between treatment conditions. Column 2
shows the sample average of pre-treatment covariates for participants in the traditional condition,
and columns 3 and 4 show the results of our statistical tests. Overall, we found participants to be
well-balanced on demographic variables, experience and interest in teaching, academic variables,
baseline performance, and pretreatment survey outcomes. We found no statistical differences
between groups on observable characteristics beyond what might be expected to occur due to
chance given the number of variables tested. An F-test of the null hypothesis confirms there were
no statistically significant differences between groups across all covariates tested (F(38, 106) =

1.02, Prob > F = 0.4507), suggesting groups did not differ on observable measures due to
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random chance, and any differences we observe in participant outcomes are likely due to the
effects of the treatments. Regardless, we present model specifications that include baseline
covariates to improve precision and correct for any pre-test imbalances.

Study Administration

Because of the ongoing COVID-19 pandemic and potential for restrictions on in-person
research activities across campuses, sessions were conducted online. These sessions were
scheduled with a maximum of nine participants and minimum of two. Both the mean and median
session had four participants. When sessions involved fewer than six participants, research
assistants (RAs) acted as confederates during the interventions to ensure all participants had an
equivalent experience with the opportunity to reflect, discuss, and/or practice with peers. These
RAs also doubled as the actors.

Each intervention was facilitated by a trained instructor. Instructors were provided with
comprehensive and standardized study materials, including (when appropriate) scripts, facilitator
notes, and activity guides. To become an instructor, one first had to shadow an instructor through
all parts of the study. To guard against concerns that the effects of interventions may be a result
of particular instructors, we purposefully assigned instructors to deliver different interventions
across sessions. To ensure an equivalent experience was provided across all sessions, the lead
author also variously shadowed research team members throughout the study period, and a
selection of sessions were recorded and reviewed for fidelity of implementation of study
procedures.

Measures
We developed, piloted, and then implemented two measures to assess participants’ skills

in eliciting and responding to student thinking. The first required participants to view six
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vignettes of elementary math instruction (three at pre-test, three at post-test), each presented in a
comic strip-like format and each featuring situations in which one or two student(s) responded to
a teacher question. Vignettes covered diverse content within elementary math, featured a mix of
student correct and incorrect answers, and ended with a student response to a teacher question.
Participants then recorded what they would say to the class next by typing out their responses.
Figure 2 shows an example vignette. In this vignette, a teacher is leading a discussion about
fractional areas, posing the question: “What fraction of the rectangle is shaded?”. A student has
provided a correct answer of 2/5. Participants were then asked to “imagine you are the teacher”
and describe “what you would say to the class next”. In deciding how to respond, participants
focused primarily on the accuracy of the answer could simply affirm a student response (“good
job”) or provide additional information ("good, and notice all five parts are equal").
Alternatively, participants who sought to elicit and respond to student thinking could probe the
student for more information (“can you tell me what has to be true about the five parts?”), or use
a student response to further discussion (“I like how Claire said that the figure was divided into
five parts. What else do people notice about the five parts?”).

A range of vignettes were initially written by a working group of mathematics educators
for another project, piloted with math teachers, and then refined. To ensure they would be
accessible to our participants (untrained in teaching or mathematics), we piloted and refined
them again with a general survey panel of college-educated adults. The final items used in the
pre-test and post-test were selected because they performed well in pilot testing (i.e., they were
easy to understand, the content was simple enough to engage with regardless of mathematical
background, and they allowed for variability in participants’ eliciting and responding to student

thinking).
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The second measure required study participants to spend ten minutes preparing and then
ten minutes teaching two math problems to two RAs trained to pose as students (hereafter,
enactments). One was a two-digit addition problem (“51 + 17 = ?”), and the other was a simple
arithmetic word problem (“Maybelle saved up $3.75 from her allowance. She wanted some
special pens. Each pen cost $1.25. How many pens can Maybelle buy?”). These problems were
chosen because the content was simple enough for participants to engage with regardless of
mathematical background, but the problems were open-ended enough and required multiple steps
so as to allow variation in how participants elicited and responded to student thinking. For
example, in the second problem, students could solve it using addition (repeatedly adding $1.25
until reaching $3.75), subtraction (beginning with 3.75 and repeatedly subtracting 1.25),
multiplication (via guess and check, i.e. 3.75*4 and then adjusting) or division (3.75/1.25).
Figure 3 shows a screenshot of a teaching episode. To reduce sources of variability in the
enactments, each RA was trained to respond to participants in as consistent a way as possible,
including being given standardized answers to the two problems and standardized responses to
common participant follow-up questions (e.g., “what was your first step?”’; “how did you
calculate that?”’; “why did you choose that method?”).

Scripting RA responses also ensured that participants responded to one correct student
answer and one incorrect student answer. This allowed us to measure participants’ eliciting and
responding to student thinking across one more proximal and one less proximal teaching task: (a)
responding to students providing correct responses (the task focused on during the interventions);
and (b) addressing student misconceptions (a task not focused on during the interventions, but
during which eliciting and using student thinking can occur). We chose these two tasks to

capture growth on content taught in all three conditions related to eliciting and responding to
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students, but to also allow differentiation between the conditions in improving performance with
a slightly more difficult task. Previous research has shown that pre-service teachers find it more
challenging to respond to incorrect student answers than correct responses (Shaughnessy &
Boerst, 2018; Shaughnessy et al., 2021).

Scoring

We coded both the vignettes and enactment responses using the rubrics shown in Tables
2a and 2b. We iteratively developed these rubrics by first adapting codes from the Mathematical
Quality of Instruction observation tool (Hill, 2014) and then refining these codes using data
collected during pilot tests of the vignettes and enactment. The coding scheme was then
confirmed as fit-for-purpose by ensuring rater agreement amongst all authors of at least 80%
using ~10 randomly selected vignette and enactment responses from the lab experiment sample.

Participants’ responses to each of the six vignettes and each of the four enactments were
double-coded by trained RAs. RAs were randomly assigned to participant responses® and were
blind to treatment condition. RAs’ initial agreement on vignette codes was 73.4%, and enactment
codes was 68.3%, both deemed reasonable given the codes required high-inference judgments.
Discrepant codes were reconciled by one or two of the authors, with authors discussing a handful
of codes and providing feedback to raters during twice-weekly coding meetings.

We then analyzed coded data to arrive at outcome variables. For the vignettes, participant
responses were initially coded on two dimensions (eliciting student thinking; responding to
student thinking), but factor analyses appeared to indicate one-factor models at both pre- and
post-tests.* As such, we averaged scores across both dimensions for the three items in the pre-test

(0=.57) and the three items in the post-test (a=.54). Lower-than-expected reliabilities derive from
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the small number of items used at each time point, and would have the effect of making any
treatment effects in our data harder to detect.

For the enactments, we could not undertake factor analysis because correct and incorrect
items were nested within problems, and there were only two items per construct (i.e., two
opportunities where participants were tasked to respond to a student’s correct response, and two
opportunities where participants were tasked to respond to a student’s incorrect response).
Therefore, based on theoretical expectation, we combined the two correct answers (0=.61;
EnactmentCorrect in Table 2b) and the two incorrect answers (a=.60; EnactmentIncorrect in
Table 2b) into single variables for analysis. Again, low reliabilities derive from the limited
number of items per construct, and would have the effect of making the detection of treatment
impact less likely.

Analytic Models

To examine the average treatment effect of engaging in more practice-based teacher
preparation pedagogies, we estimated the following model:

Y, = By + BiPracticeBased; + ,Mixed; + fX; +¢e; (1)

Here, Y; represents the outcome for participant i on three measures of responsiveness to
students during math instruction: (1) participants’ average score across all three posttest vignettes
(Vignettes); (2) participants’ average score across the two enactment opportunities where
students responded with correct answers (EnactmentCorrect); and (2) participants’ average score
across the two enactment opportunities where students responded with incorrect answers
(Enactmentlncorrect). PracticeBased,; is an indicator coded 1 if participant i was randomly
assigned to the practice-based condition. Mixed; is an indicator coded 1 if participant i was

randomly assigned to the mixed condition.
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To improve the precision of our estimates, our model also included a series of covariates
(X;) controlling for two sets of baseline characteristics. The first set was demographic
characteristics, including participant age, race/ethnicity, whether they attended high school in the
US, whether their primary caregiver was ever a teacher, experience and interest in teaching,
number of undergraduate courses taken in education and math, field of undergraduate major, and
SAT/ACT math percentile rank. The second set of baseline characteristics were pretest measures
including math knowledge for teaching®, math self-concept®, beliefs about math teaching’, math
teaching self-efficacy®, and responsiveness to students measured through the vignettes.

In this model, f; represents the estimated adjusted average treatment effect of the
practice-based condition relative to the traditional condition, and £, represents the estimated
adjusted average treatment of the mixed condition relative to the traditional condition. We also
used a post-hoc significance test to evaluate any differences between the effects of the practice-
based and mixed conditions. Prior to implementing any modeling of outcomes over treatments,
we pre-registered our analysis plan in the Registry of Efficacy and Effectiveness Studies
(#14160.1v1).

Attrition

Although 185 participants completed the intake survey, logged into one of the scheduled
lab experiment sessions, and were assigned to a treatment condition, we only collected complete
outcome data from 179 participants. Facilitators reported no indications that participant attrition
was due to the treatment or treatment assignment; five participants left due to scheduling or
connectivity issues (e.g., one participant left due to a babysitting emergency), and one

participant’s enactment was accidentally not recorded.
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We find no statistical evidence of differential attrition by treatment condition. Three
participants dropped from the mixed condition; two participants dropped from the practice-based
condition; and one participant dropped from the traditional condition. This led to a final analytic
sample of 60 for the practice-based condition, 59 for the traditional condition, and 60 for the
mixed condition.

Results

Table 3 summarizes the impact estimates of practice-based condition and the mixed
condition on participants’ eliciting and responding to student thinking as measured across all
three outcome measures. Model 1 is an unconditional model (i.e., equation 1 without the series
of covariates (X;)) with vignettes as the outcome measure. Model 2 is the conditional model (i.e.,
equation 1 above) with vignettes as the outcome measure. The remaining models follow the
same pattern, but with different outcome measures: models 3 and 4 use the enactments where
participants were tasked to elicit and respond to students’ correct responses (EnactmentCorrect);
models 5 and 6 use the enactments where participants were tasked to elicit and respond to
students’ incorrect responses (Enactmentlncorrect).

In looking at our preferred estimates that include both demographic and pretest covariates
(Models 2, 4, and 6), we see that both the practice-based and mixed conditions produce
statistically significant positive ef