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EXECUTIVE SUMMARY
Teacher quality is the most important educational factor predicting student achievement
(Darling-Hammond, 2000), and a large proportion of training effective teachers occurs
during the preparation phase (Goldhaber, 2019). It is widely acknowledged that teacher
preparation programs are tasked with providing pre-service teacher candidates with the
skills and knowledge they need to effectively teach in future classroom contexts,
although the extent to which this happens is debated (Greenberg & Jacobs, 2009). The
literature suggests that novice teachers consistently report feeling underprepared and
overwhelmed when they first begin to teach in a classroom environment (Goldhaber,
2018), and largely learn “on the job”.

To improve the current state of teacher preparation, there needs to be a greater
understanding of how preparation programs affect pre-service teachers’ knowledge, skills
and beliefs about teaching requires researchers and teacher educators to incorporate
rigorous data collection and analyses into program structures. Although there is more
guantitative research on teacher preparation in the last two decades than previously, these
studies are plagued by “the quality of research design in the majority of these studies,

including problems with small sample size, lack of control or comparison group, and



subjective outcome measures” (Mitchel & King, 2016). Overall, there is a need for more
quantitative research that uses larger sample sizes, captures variation in program elements
and teacher candidates, and more longitudinal research and multi-site studies that can
causally link program components to teacher effectiveness. Measuring and using
candidates’ skills and knowledge during the preparation phase can bolster continuous
improvement efforts at the program level and provide researchers with a better
understanding of how prospective teachers learn during the preparation phase.

This dissertation seeks to address the challenges highlighted above in the current
landscape of teacher preparation using rigorous quantitative research methods. The
findings across chapters presented in this dissertation have important implications for
how teacher preparation programs are designed, implemented and evaluated and
contribute much-needed, rigorous quantitative evidence on how pre-service teachers learn
to teach during the preparation phase. Together, the three chapters provide much needed
evidence on the role of personal beliefs, attitudes and perceptions in how pre-service
teachers learn during the preparation phase, the efficacy of providing them with targeted
supports while they are learning and the promise of using robust data and rigorous
research designs to inform teacher preparation policy.
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CHAPTER I: INTRODUCTION

Teacher quality is the most important educational factor predicting student
achievement (Darling-Hammond, 2000). Research examining the variation in
achievement growth among students assigned to different teachers concludes that
students consecutively assigned to highly effective teachers perform significantly better
than students assigned to a series of ineffective teachers (Rockoff, 2004; Rivkin,
Hanushek & Kain, 2005; Kane, Rockoff & Staiger, 2008). Although there is still debate
on exactly what constitutes high-quality teaching, the field of teaching is coalescing
around the idea that high-quality teaching depends on a “flexible repertoire of high-
leverage strategies and techniques that can be deployed with good judgement depending
on the specific situation and context” (Loewenberg Ball & Forzani, 2009; pg.503). In
essence, teaching is a complex and multifaceted process that involves a combination of
knowledge, skills, beliefs and personal factors.

A majority of the formal training on how to be an effective teacher occurs during
the preparation phase, before teachers even step into their classrooms (Goldhaber, 2018).
The central assumption supporting teacher preparation is that by offering teacher
candidates a package of coursework and practice opportunities, programs provide
candidates with flexible knowledge and skills that they can apply in future teaching
contexts (Leinhardt, Young and Merriman, 1995). Along with providing teacher
candidates with practical skills through coursework and methods-based training (see

Grossman, Wilson & Shulman, 1989; Wilson, Shulman & Richert, 1987), teacher



preparation programs are also responsible for developing the more affective
elements of teaching, including teachers’ resilience, efficacy and dispositions that
determine the kind of the teacher they will be (Shoffner, 2008; Stahl, Sharplin &
Kehrwald, 2016). In a classroom context, the affective elements of teaching are as crucial
to effective teaching as foundational pedagogical skills since teachers must be able to
consistently connect content knowledge, pedagogy and curriculum with their own
emotional understanding, beliefs about teaching and personal histories (Zembylas, 2007).
Teacher preparation and teacher quality

Recently, teacher preparation programs have been under scrutiny for failing to
adequately prepare graduates to teach in classrooms. Criticisms include low standards for
admission, weak content-focused preparation, and coursework focused too heavily on
theory to be practically applicable (Greenberg & Jacobs, 2009). More concerningly,
evidence suggests that most novice teachers learn “on the job” and report feeling
underprepared by their preparation programs (Atteberry, Loeb & Wyckoff, 2015; Kraft &
Papay, 2014). Data from surveys completed by novice teachers show that the majority
feel ill-prepared to teach, suggesting that there is potential for improvement among
teacher preparation programs (Goldhaber, 2018).

Although teacher preparation programs are crucial to training high-quality
teachers, researchers struggle to causally link elements of teacher preparation to teacher
practice (Levine, 2006; Wilson, Floden & Ferrini-Mundy, 2001). Quantitatively, the most
common approach to estimating the causal impact of teacher preparation programs on
teacher quality is to approximate in-service teachers’ “value-added” to student

achievement once they actually enter the classroom (see Braun, 2015; Darling-



Hammond, 2015; Goldhaber, 2015) and tying these estimates back to training programs.
While such estimates are helpful in understanding how the quality of preparation
ultimately affects student outcomes, they do not provide actionable evidence that can be
used to inform program design (Mitchel & King, 2016).

Understanding how preparation programs affect pre-service teachers’ knowledge,
skills and beliefs about teaching requires researchers and teacher educators to incorporate
rigorous data collection and analyses into program structures. Although there is more
quantitative research on teacher preparation in the last two decades than previously, these
studies are plagued by “the quality of research design in the majority of these studies,
including problems with small sample size, lack of control or comparison group, and
subjective outcome measures” (Mitchel & King, 2016). Overall, there is a need for more
guantitative research that uses larger sample sizes, captures variation in program elements
and teacher candidates, and more longitudinal research and multi-site studies that can
causally link program components to teacher effectiveness. Measuring and using
candidates’ skills and knowledge during the preparation phase can bolster continuous
improvement efforts at the program level and provide researchers with a better
understanding of how prospective teachers learn during the preparation phase.

How do pre-service teachers learn to teach?

One of the biggest gaps in the current literature on pre-service teacher education
is evidence on how pre-service teachers learn to teach, and what factors influence this
learning during the preparation period. This information is critical not only to
understanding the impact that preparation experiences have on teacher candidates’

instructional skills as well as beliefs, efficacy and attitudes towards teaching, but also



facilitates redesigning and strengthening existing teacher preparation programs to ensure
that teacher candidates are ready from their first day in the classroom. Bandura’s Social
Cognitive Theory suggests that teacher candidates’ learning trajectories are shaped by the
interaction of three forces: their personal background (academic record, previous
classroom experience, beliefs and attitudes towards teaching and personality
characteristics among other variables), their formal training (components of the teacher
preparation program they are enrolled in), and their behaviors (including teaching
performance, self-regulation skills, etc.). These three factors—personal background,
preparation, and behaviors—define teacher candidates’ paths into the teaching
profession. (Alt, 2015; Bandura, 1997a; Humphrey & Wechsler, 2006).

Each of these three factors and their interactions are depicted in Figure 1. At entry
to the preparation program, teacher candidates bring with them a set of personal factors
which collectively act as a filter through which pre-service teachers experience the
teacher preparation and shape what they learn (Fang 1996; Lortie, 1975). These personal
factors include attitudes and beliefs about teaching developed as a result of candidates’
own experiences as students (termed by Lortie (1975) as the apprenticeship of
observation), personality characteristics (such as neuroticism, extraversion, openness,
etc.) and demographic characteristics (including gender, race, ethnicity, etc.). Once
candidates begin coursework and accumulate teaching experiences during the preparation
phase, their beliefs and attitudes are likely to evolve and change depending on how they
cognitively process their development. At the same time, these beliefs and attitudes also
act as filters through which pre-service teachers experience the preparation program

(Fang, 1996; Ni Chréinin & O’Sullivan, 2014). Ultimately, teacher candidates’ teaching



skills (or behaviors) are influenced by and in turn influence their personal factors,
components of teacher preparation programs, and the interaction between them.

What is less clear from existing research on teacher preparation programs are the
best ways to effectively prepare teacher candidates. There is evidence to suggest that the
existing “one-size-fits-all” approach may not be useful in preparing effective teachers
(Beijaard, Korthagen & Verloop, 2007; Howard & Milner, 2014) given that novice
teachers report feeling ill-prepared for the classroom from their training experiences.
Identifying and supporting teacher candidates in ways that improve their skills and beliefs
about teaching during the preparation phase is critical, since training opportunities are
limited once pre-service teachers enter the classroom (Palomera, Fernandez-Berrocal &
Brackett, 2008). In addition, we know that novice teachers are at higher risk for
experiencing stress and burnout (Hopkins, Hoffman & Moss, 1997; Roness, 2011) which
leads them to leave the profession at disproportionately higher rates than their
experienced peers (Roness, 2011).

Scope of this dissertation

This dissertation seeks to address the challenges highlighted above in the current
landscape of teacher preparation using rigorous quantitative research methods. In the
Chapter 2, | use hierarchical linear models to examine the variation in the development of
self-efficacy beliefs among pre-service teachers enrolled in a university-based teacher
preparation. Specifically, | focus on the role of teaching specialty, personality
characteristics and attitudes towards teaching in determining self-efficacy beliefs. The
goal of this chapter is to add critical (but missing) longitudinal evidence on the

development of self-efficacy beliefs among pre-service teacher candidates during the



preparation phase. In Chapter 3, | use data from multiple experimental replication studies
to examine the best ways to provide pre-service teacher candidates with standardized,
simulated practice opportunities and targeted feedback (in the form of directive coaching)
to improve their instructional skills. In particular, | assess whether the effects of
providing coaching to improve pre-service teachers’ pedagogical skills in a simulated
classroom environment are robust across different sources of variation (including cohorts
of pre-service teacher candidates, mode of delivery of coaching, different populations of
interest and pedagogical task). Here, the goal is to provide teacher educators, preparation
programs and policymakers with causal evidence on the contexts and conditions under
which standardized practice opportunities and targeted coaching can be used to improve
performance during the preparation phase. In Chapter 4, | present results from a
randomized control trial evaluating the use of mental rehearsal techniques on pre-service
teachers’ stress levels and performance in a simulated teaching task focusing on
classroom management. Through this chapter, | add to the limited research on how to
best prepare teacher candidates to deal with the uncertainty and stress that accompanies
teaching.

The findings across chapters presented in this dissertation have important
implications for how teacher preparation programs are designed, implemented and
evaluated and contribute much-needed, rigorous quantitative evidence on how pre-service
teachers learn to teach during the preparation phase. Results from the second chapter
highlight variation in how pre-service teachers perceive their own ability to teach
effectively based on personal factors, including teaching specialty, personality

characteristics and attitudes towards teaching. Acknowledging and examining this



variation and role of personal factors can provide teacher educators and preparation
programs with information that can help design targeted supports and experiences to
improve candidates’ beliefs in their ability to teach as well as their teaching practices.
Chapters 3 and 4 provide evidence on the use of targeted supports to improve teaching
practices and beliefs among pre-service teachers and reduce feelings of stress and
burnout. Chapter 3 provides evidence on the efficacy of standardized practice
opportunities and coaching supports to improve pre-service teachers’ practices during a
teaching opportunity across different sources of variation. In addition to demonstrating
the significant and positive impact coaching has on improving teaching skills, this
chapter also shows that coaching is consistently effective across similar groups of teacher
candidates who have the theoretical knowledge to support their practice, irrespective of
the pedagogical task that they are practicing or the mode of delivery of coaching
supports. Findings from the final chapter provide important evidence on the use of
cognitive appraisal strategies such as mental rehearsal in facilitating the improvement of
performance and perceptions among pre-service teacher candidates, as well as whether
providing teacher candidates with a combination of coaching (problem-focused coping
strategy) and mental rehearsal (emotion-focused coping strategy) helps teacher
candidates cognitively re-appraise a stressful situation such as classroom management
and improve their skills at managing a classroom environment and redirection off-task
student behaviors. Together, these chapters provide much needed evidence on the role of
personal beliefs, attitudes and perceptions in how pre-service teachers learn during the

preparation phase, the efficacy of providing them with targeted supports while they are



learning and the promise of using robust data and rigorous research designs to inform
teacher preparation policy.

Chapter 2: Examining the role of personal factors in the development of self-efficacy
beliefs among pre-service teachers

At present, we know very little about how a teacher candidate’s prior beliefs and
attitudes or their personal characteristics influence their development during the teacher
preparation phase. The literature suggests that all pre-service teachers bring their beliefs
and perceptions regarding teaching and learning shaped through their own experiences as
students (known as “the apprenticeship of observation”) to their preparation program
(Lortie,1975). There is also evidence that pre-service teachers generally perceive learning
through the lens of their prior knowledge, preconceptions and beliefs (Ethell &
McMeniman, 2000), and that these beliefs act as filters through which pre-service
teachers experience the preparation program (Fang, 1996; Kagan, 1992; Ni Chroinin &
O’Sullivan, 2014). Acknowledging and recognizing the role of personal factors in how
pre-service teacher candidates learn to teach can provide both preparation programs and
researchers with actionable information on how to improve candidates’ preparation
experiences to prepare them for the classroom.

Yet, the research on how prior perceptions and beliefs influence the development
of teaching skills has not extended beyond when a teacher candidate first enters the
preparation program. Most of the existing research on pre-service teacher candidates’
characteristics has focused on admission criteria including undergraduate GPA,
SAT/ACT score and selectivity of undergraduate institution attended (Mitchel & King,

2016) and linking these criteria to student outcomes to get a better sense of what factors



predict teaching success. The reality is that very few of these mandated criteria are
relevant to teaching quality or how pre-service teachers learn to teach (Steele, Pepper,
Springer & Lockwood, 2015). Another significant limitation of the existing studies that
have examined the role of personal factors during the preparation phase are that they
often use data from a sample of very few teacher candidates during a single time point
(see Driscoll & Pianta, 2010; Woolfolk, Rosoff & Hoy, 1990). These cross-sectional
studies are useful in providing descriptive evidence of how personal factors influence
teaching skills, but cannot identify relationships over time that inform program design.
The lack of longitudinal data on how pre-service teachers’ perceptions, beliefs and
personalities influence their development of teaching skills precludes us from
understanding how these relationships change over time and the implications this has for
teacher preparation. If, for example, there was evidence that personal factors such as prior
experience positively and consistently shaped how pre-service teachers learned to teach
during the preparation phase, preparation programs might include more practice
opportunities or targeted supports for candidates who did not enter the program with a
significant amount of experience.

In Chapter 2, | examine how pre-service teachers’ self-efficacy beliefs develop
over the duration of a teacher preparation program. The lack of research examining
trajectories of pre-service teachers’ self-efficacy beliefs over the duration of the
preparation phase is particularly concerning since there is evidence that these beliefs
develop early on in a teacher’s tenure (Bandura, 1977; Tschannen-Moran & Hoy, 2007)
and persist across her career. In this chapter, I use linear growth models to explore

trajectories of self-efficacy beliefs across the duration of the preparation program and



assess variation in these beliefs among 7 cohorts of individual teacher candidates
(approximately 715 candidates) across three time points during the preparation phase.
This is a substantially larger sample than has been previously used in studies on pre-
service teachers’ self-efficacy beliefs and the longitudinal nature of the data allow me to
examine the development of these beliefs among the same teacher candidates, which is
also rare in the literature.

Results suggest that although there is substantial variation in self-efficacy beliefs
among individual teacher candidates, on average, their self-efficacy beliefs do not change
significantly during the teacher preparation program. This is in contrast with previous
work examining changes in self-efficacy beliefs at the start and end of preparation
programs (see Dial, 2015; Fives, Hamman & Olivarez, 2007; Lin & Gorrell, 2001;
Pendergast, Garvis & Keogh, 2011; Wenner 2001), but these studies use different
samples of candidates at each time point and thus do not examine changes in self-efficacy
beliefs among the same sample of candidates over time. | also examine whether teacher
candidates’ teaching specialty, their personality characteristics or attitudes towards
teaching predict teacher candidates’ trajectories of self-efficacy belief development. |
find that teaching specialty (that is, whether teacher candidates were preparing to teach
elementary, secondary or special education students) and their personality characteristics
(levels of neuroticism and conscientiousness) predict change in self-efficacy beliefs
during the teacher preparation phase.

Findings from this study provides empirical evidence that personal dispositions
and choices of individual teacher candidates do affect their confidence in their ability to

teach effectively in a classroom. Teacher education programs enroll a wide variety of



applicants who bring with them different characteristics, personalities and ideologies with
the goal of training them to teach in stressful and demanding classroom environments.
This study highlights the importance of understanding differences in candidates based on
what they bring with them to the preparation program as well as the role these differences
play in affecting their self-efficacy beliefs. Ultimately, helping teachers learn more about
themselves and their beliefs may contribute to them developing more skills and
confidence in their own ability as educators.
Chapter 3: Re-Examining the Evidence on Coaching in Teacher Education Using
Systematic Replication

Along with moving some of the learning that happens “on-the-job” while teaching
in a classroom to the preparation phase, a major concern among teacher educators is how
to provide teacher candidates with standardized practice opportunities and scalable
professional development that can be used to optimize candidates’ instructional skills and
preparedness (Kraft & Blazar, 2016). In particular, preparation programs across the
country have been studying the degree to which some practice with targeted feedback can
also occur in coursework. Such “approximations of teaching” -role-plays, rehearsals, and
simulations-have been shown in qualitative work to support teacher candidates’ ability to
translate theoretical knowledge about “effective teaching” into their actual practice
(Grossman et al., 2009a; Kavanagh & Rainey, 2017; Reisman et al., 2019; Windschitl,
2002).

Recent work has shown that coaching is a form of professional development and
targeted feedback that improves in-service teachers’ instructional skills, classroom

organizational skills and attitudes towards teaching (Desimone & Pak, 2016; Kretlow &
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Bartholomew, 2010). Although the literature on coaching in the pre-service context is
nascent, a handful of studies associate coaching with improvements in teacher
candidates’ affect, overall satisfaction with preparation, attitudes towards self-
development, and skill development (Bowman & McCormick, 2000; Cohen, Wong,
Krishnamachari & Berlin, 2020; Cohen & Wiseman, 2021). However, because coaching
IS resource-intensive, teacher preparation needs more evidence on the best ways to
support teacher candidates through expert coaching tied to standardized practice. Most of
the existing research on coaching in the pre-service context is that most studies are small-
scale, descriptive and do not allow for causal estimations of different kinds of supports in
improving candidates’ instructional skills (Kraft, Blazar & Hogan, 2018), particularly on
the robustness of such coaching supports across systematic sources of variation (Hill,
Beisiegel, & Jacob, 2013; Blazar & Kraft, 2015).

In Chapter 3, which is co-authored with Vivian Wong and Julie Cohen, we
leverage mixed reality simulations to address the challenges with providing pre-service
teacher candidates with standardized practice opportunities coupled with coaching during
the preparation phase. In teacher preparation, mixed reality simulations can be designed
to reflect the real-world complexities of live teaching environments (Slater, 2009),
especially since studies have shown that simulations feel more realistic than other
approximations of practice including role-plays and rehearsals, and that participants
respond in ways that are closely aligned with what they might do in actual classroom
settings (Arora et al., 2011a; Dieker, Rodriguez, Lignugaris/Kraft, Hynes & Hughes,

2013; Slater, 2009).
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In this chapter, we use meta-analytic and replication methods to estimate the
causal impact of providing pre-service teacher candidates with coaching, as well as
understand the robustness of coaching effects across different systematic sources of
variation that we might expect to find in teacher preparation. Chapter 3 presents results
from a series of five experimental replication studies that evaluate the benefits of
targeted, directive coaching on pre-service teachers’ pedagogical skills in “mixed reality”
simulation settings. We examine the pooled cross-study impact of coaching on
participants’ performance in the simulation setting, as well as the replicability of
coaching effects across systematic sources of variation (including pedagogical task,
timing of the study, context of practice and coaching and mode of delivery of the
simulated session).

Findings from Chapter 3 show that providing participants with coaching
significantly improves their teaching performance in a simulated teaching environment.
Across the five experimental replication studies, improvements in overall quality of
teaching as a result of receiving teaching ranges from 0.63 SD to 1.75 SD. The pooled
meta-analytic effect across the six replication studies is 1.49 SD. Using distance-based
correspondence measures (including magnitude of effects, direction of effects and
statistical significance patterns) to identify patterns of robustness, we also find that
coaching effects are robust across different teaching tasks, different study timing, as well
as different modes of delivery of the simulated session, but are smaller in magnitude for a
sample of participants who are not yet enrolled in formal teacher preparation compared to
a sample of pre-service teacher candidates in a university-based teacher education

program. Taken together, findings from this paper provides evidence on the context and
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conditions under which targeted, directive coaching during standardized practice
opportunities can be used to leverage improvement in teacher candidates’ pedagogical
skills. This evidence is critical in light of growing concern that traditional professional
development programs fail to improve teaching practices and the need to identify specific
conditions under which such programs produce better outcomes for teachers (Desimone,
2009).

Chapter 4: Evaluating the use of mental rehearsal techniques among pre-service
teacher candidates during a simulated teaching opportunity

Novice teachers consistently report feeling underprepared and overwhelmed when
they first begin to teach in a classroom environment, with researchers using terms such as
“reality shock”, “survival phase” (Huberman, 1989) and “transition shock™ (Corcoran,
1981) to describe the challenging nature of the transition from pre-service to novice
teacher. This is concerning because pre-service teachers are more vulnerable to the
negative impacts of stress and uncertainty in the classroom environment, largely because
of their inexperience in classroom settings, as well as an unclear perception of their own
status as a teacher (Hopkins et al., 1997). There is also evidence to suggest that novice
teachers are more susceptible to stress, burnout and attrition compared to their
experienced peers (Roness, 2011).

This concern is particularly relevant in the context of classroom management,
since it is an area that novice teachers report feeling the most ill-prepared to address
(Latham & Vogt, 2007; Le Maistre & Paré, 2010; Sabar, 2004). Even when teacher
candidates have the skills necessary to effectively redirect off-task student behavior, they

often report feeling emotionally exhausted by the process of managing a classroom
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environment (Jennings & Greenberg, 2009) on a regular basis. Research suggests that in
order to effectively manage disruptive students, novice teachers need a combination of
pedagogical knowledge regarding best practices as well as emotional resources to counter
the stressful nature of redirecting student behaviors and managing a classroom. That is,
when teachers are emotionally exhausted or perceive a classroom management task as a
threat to their efficacy as a teacher rather than as an opportunity to learn, they are less
likely to be effective at managing disruptive student behaviors (Seiz, Voss and Kunter,
2015).

One promising set of interventions that may be used to improve performance and
perceptions related to classroom management for pre-service and novice teachers are
mental rehearsals. Mental rehearsal is a cognitive reappraisal strategy that has been used
in healthcare and sports settings to improve performance on a specific task related to the
intervention, as well as participants’ perceptions of the task including stress, self-efficacy
and confidence levels (Arora eta al., 2011a; Eldred-Evans et al., 2013). Essentially,
mental rehearsal uses a script (or stimulus) that focuses on strengthening the imagery
representation of the skills that a participant is expected to use in a particular situation or
task (Arora et al., 2011a). By allowing participants to mentally visualize themselves
executing a task before performing it, mental rehearsal serves as a preparation technique
that improves performance. In addition, the organized format of mental rehearsal scripts
reduce cognitive load and benefits learners (particularly novices) by allowing them to
cognitively reappraise the task in the absence of physical exercise, ultimately improving

their perceptions of the task.
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Chapter 4 addresses the gap in the literature on interventions that can help pre-
service and novice teachers improve their performance and perceptions related to
classroom management. In Chapter 4, | evaluate the efficacy of a cognitive appraisal
technique called mental rehearsal at improving pre-service teacher candidates’
performance and perceptions (including stress levels, self-efficacy beliefs, ratings of
student avatar behaviors and endorsements of different management approaches) during a
simulated teaching practice opportunity. The simulated teaching task involves redirecting
off-task student behavior while setting classroom norms, a task that is often considered
stressful by novice teachers (Le Maistre & Paré, 2010). Implemented as part of a larger
experimental study on the efficacy of coaching supports on pre-service teacher
candidates’ instructional skills (explored in Chapter 3), a 2x2 factorial design allows me
to understand the impact of mental rehearsal both as a stand-alone intervention as well as
in combination with coaching.

Results suggest that mental rehearsal did not have a significant impact on
candidates’ stress levels or self-efficacy beliefs, but significantly improved their
performance during the simulated teaching task. Specifically, I find that teacher
candidates assigned to complete mental rehearsal provided more timely redirections to
simulated student avatar behavior, more specific redirections, more succinct redirections,
and scored higher on an overall measure of quality of redirections. In addition, I find that
while mental rehearsal does not offer candidates who were randomly assigned to receive
coaching in-between simulator sessions any advantage (over and above the benefit of
receiving feedback from a coach), candidates who were randomly assigned to participate

in self-reflection between simulator sessions benefited when they completed mental
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rehearsal. Taken together, findings from this study provide important evidence on the use
of a cognitive strategy such as mental rehearsal in facilitating the improvement of

performance and perceptions among pre-service teacher candidates.
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CHAPTER II: EXAMINING THE ROLE OF PERSONAL FACTORS
IN THE DEVELOPMENT OF SELF-EFFICACY BELIEFS AMONG
PRE-SERVICE TEACHERS

Teacher self-efficacy, or teachers’ beliefs in their ability to promote student
learning has been consistently linked to a variety of improved teacher and student
outcomes. Teachers who report higher self-efficacy beliefs feel more confident in their
ability to teach their students, adjust quicker to the classroom environment and are more
confident in their ability to deliver effective instruction (Redman, 2015; Yost, 2006). In
the classroom, efficacious teachers exhibit greater levels of planning, better classroom
organization and improved teaching practices (Tschannen-Moran & Hoy, 2001; Zee &
Koomen, 2016). Students in classrooms with teachers who have high self-efficacy beliefs
demonstrate improved student self-efficacy (Anderson, Greene & Loewen, 1988;
Lauermann & Berger, 2021), higher student motivation (Midgley, Feldlaufer & Eccles,
1989; Schiefele & Schaffner, 2015), higher levels of classroom engagement (Good &
Brophy, 2003; Poulou, Reddy & Dudek, 2019) and increased academic achievement
(Caprara, Barbaranelli, Steca & Malone, 2006; Zee & Koomen, 2016).

Although the literature establishes a clear link between higher self-efficacy beliefs
and different teacher and student outcomes once the teacher enters the classroom, less is
known about how and when self-efficacy beliefs are developed among pre-service
teachers. Research suggests that self-efficacy beliefs form early on a teacher’s career and

once formed, these beliefs become resistant to change (Bandura, 1977; Tschannen-Moran
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& Hoy, 2007). Pre-service teacher candidates enter preparation programs with some
beliefs about their ability to teach, based largely on their prior experiences with and
observations of teaching (Lortie, 1975; Richards & Lockhart, 1996). They also bring with
them a set of personal characteristics, including their attitudes towards and beliefs about
teaching, personality traits and demographic characteristics including age, gender,
race/ethnicity, etc. that are likely to influence their self-efficacy beliefs. During the
preparation experience, program components such as coursework, teaching experiences
and mentor support interact with candidates’ personal characteristics to change their
existing self-efficacy beliefs. At this time, self-efficacy beliefs are also influenced by
candidates’ behaviors in response to their physical and social environment in the
preparation program. Since we know that teacher self-efficacy beliefs are particularly
malleable during the first few years of teaching (Pfitzner-Eden, 2016; Tschannen-Moran
& Hoy, 2007), the interaction of personal factors, environmental factors and behavioral
factors become critical to study during the preparation phase. Only by understanding how
self-efficacy beliefs develop during the initial years of a teacher’s tenure (i.e.,
preparation) and the role of personal factors in such development can we better equip
teachers to be efficacious and effective in their classrooms from the beginning of their
tenure.

Much of the literature on pre-service teachers’ self-efficacy beliefs focuses on
evaluating the role of Bandura’s four theorized sources of these beliefs (mastery
experiences, vicarious experiences, verbal persuasion and physiological arousal) rather
than examining the predictors of teacher self-efficacy or the trajectories of their

development throughout the preparation phase (Bautista & Boone, 2015; Brown, Lee &
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Collins, 2015; Cantrell, Young and Moore, 2003; Wagler, 2011). Understanding
predictors and trajectories of self-efficacy beliefs during the first few years of a
prospective teacher’s tenure is critical to understanding how confident teacher candidates
are in their ability to effectively teach future students, as well as how to provide targeted
supports during the preparation phase that can maximize such confidence. Of the studies
that do examine the predictors of self-efficacy beliefs, most focus on international
samples of pre-service teachers, particularly in Australia (see George, Richardson &
Watt, 2018; Lazarides, Watt & Richardson, 2020; Ozder, 2011) and Turkey (see Kaner,
2010; Savran & Cakiroglu, 2003). Although helpful in understanding how self-efficacy
beliefs are formed during the preparation phase, these studies offer limited evidence that
may be applied to pre-service teachers or preparation programs in the American context
since teacher candidates likely differ in important ways that influence their self-efficacy
beliefs (including personality traits, attitudes towards teaching, preparation experiences
and so on). A third and important limitation with the existing literature on self-efficacy
beliefs is that these studies compare different cross-sectional samples of teacher
candidates rather than longitudinally tracking the same cohort of teacher candidates over
time. Thus, even though we know self-efficacy beliefs are critical to the success of a
teacher and their students, it is difficult to ascertain when these beliefs are formed, how
they change in the first few years of a teacher’s tenure and whether they are influenced by
personal characteristics of teacher candidates.

This study bridges gaps in the existing literature by identifying the role that
specific personal characteristics including choice of teaching specialty (i.e., elementary,

secondary, special education), personality traits and attitudes towards teaching play in the
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development of self-efficacy beliefs during the preparation phase. The goals of this study
are twofold: first, I aim to understand how pre-service teacher candidates’ self-efficacy
beliefs change during the preparation phase by examining their growth trajectories over
time. However, the literature on self-efficacy beliefs suggests that examining aggregate
patterns in self-efficacy beliefs among pre-service teachers may obscure important
variation in how individual pre-service teachers’ self-efficacy beliefs develop during the
preparation period (Mitchel & King, 2016). To empirically address this issue, | then use
these growth trajectories to explore variation in self-efficacy beliefs based on personal
factors such as choice of teaching specialty, personality domains and attitudes towards
teaching. Thus, the second goal of this study is to explore the role that these personal
factors play in explaining variation in self-efficacy beliefs both at the beginning and
across the duration of the preparation program.

In meeting these two goals, this paper makes important contributions to existing
research on self-efficacy beliefs among pre-service teachers. First, this study leverages
multiple years of longitudinal data on seven cohorts of pre-service teachers. Large-scale
data collection, particularly longitudinal data tracking is rare in teacher preparation,
therefore this study is unique in that it leverages data for multiple years for the same
teacher candidates. These data allow for a comprehensive investigation of the role of
personal characteristics in the development of pre-service teachers’ self-efficacy beliefs
across the duration of the preparation phase. The findings from this paper suggest that
pre-service teacher candidates enter the preparation program with different self-efficacy
beliefs based on their prior attitudes, personality traits and beliefs about teaching and that

these factors significantly predict trajectories of self-efficacy development across the
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duration of the program. Overall, my findings suggest that based on these different
personal factors, individual teacher candidates likely derive different experiences from
the same teacher preparation program as far as the development of their self-efficacy
beliefs are concerned. The findings from this study have important implications for
teacher preparation programs looking to provide targeted supports that enhance the
preparation experience and improve candidates’ beliefs in their ability to teach effectively
in the classroom from day one.

Background
Self-efficacy Beliefs in Classroom Contexts

First described by Bandura using social cognitive theory, self-efficacy refers to an
individual’s beliefs about their capacity to produce designated levels of performance and
influence outcomes and events affecting their lives (Bandura, 1977, 1986). Self-efficacy
in the context of teaching and classrooms was first studied by Armor and colleagues who
define teacher self-efficacy as “the extent to which the teacher believes he or she has the
capacity to produce an effect on the learning of students” (Armor et al., 1976; pg. 31). In
its simplest form, teacher self-efficacy can be thought of as a teacher’s belief in their own
ability to effectively teach their students in a manner that leads to improved student
outcomes.

Teacher self-efficacy has always been of interest to researchers, primarily because
efficacy beliefs are associated with improved teacher and student outcomes. The
association between strong self-efficacy beliefs and improved teacher outcomes is
particularly pronounced for novice teachers, who report greater satisfaction in teaching,

less stress, and more favorable perceptions of how they were prepared for the classroom
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(Hoy, 2000). Teachers with high self-efficacy also demonstrate higher levels of effort and
persistence in their teaching (Skaalvik & Skaalvik, 2017), resulting in improved student
outcomes including higher academic achievement (Caprara et al., 2006; Zee & Koomen,
2016), higher student motivation (Schiefele & Schaffner, 2015) and better attitudes
towards school (Poulou et al.,, 2019). In essence, high teacher self-efficacy beliefs have
the potential to improve teacher practices in the classrooms, teachers’ perceptions about
teaching more generally, and ultimately improve a number of student outcomes that are
of policy interest.
Self-efficacy Beliefs During Teacher Preparation

In this study, I focus on self-efficacy beliefs among pre-service teachers enrolled in
a teacher preparation program. Self-efficacy beliefs among pre-service teachers has
gained more research interest following evidence that novice teachers enter the
profession with high hopes regarding the impact they will be able to have, but often end
up facing painful reality shocks (Tschannen-Moran & Hoy, 2007; Voss & Kunter, 2020).
Teacher preparation programs across the nation are criticized for inadequately preparing
new teachers, particularly in developing beliefs in their own ability to implement
effective teaching and learning strategies (Zeichner, 2014; Riddle, 2018). In a study on
the relationship between teachers’ views of their preparedness and efficacy in classrooms,
Darling-Hammond (2000) found that most teachers report feeling underprepared to teach
and were prone to believing that students’ learning was more influenced by peers and
home environments than classrooms and teachers. Critics have long argued that
traditional teacher programs provide candidates with content knowledge courses and

pedagogical experiences, but short-change prospective teachers on raising self-
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perceptions of teaching competence (Clark & Newbury, 2019; Tschannen-Moran, Hoy &
Woolfolk-Hoy, 1998).

Although the literature suggests that preparation programs are responsible to some
extent for inculcating self-efficacy beliefs among teacher candidates, it is important to
note that pre-service teachers enter preparation programs with pre-formed self-efficacy
beliefs. These beliefs are based on their previous learning experiences as students (Busch,
2010; Lortie. 1975), perceptions of teacher education (Da Silva, 2005; Li, 2020),
experience of teaching, personality traits and broader educational principles (Richards &
Lockhart, 1996). During the preparation program, self-efficacy beliefs are likely to be
influenced by other factors, including formal training and the context of their teaching
experiences (Clark & Newbury, 2019; Humphrey & Wechsler, 2006). Bandura (1997)
suggests that teacher efficacy may be most malleable early in the learning phase, hence
the role of preparation program and its components is central to the development of self-
efficacy beliefs during the early years of a teacher’s career. Thus, as candidates begin
coursework and accumulate teaching experiences during the preparation phase, their self-
efficacy beliefs are likely to evolve and change depending on how they cognitively
process their own development as well as their reactions to their social and physical
environments in the preparation phase (Bandura, 1997b; Tschannen-Moran & Hoy, 2007;
Wyatt 2015). Figure 2, adapted from Bandura’s Social Cognitive Theory, describes the
triad of factors that influence how a pre-service teacher’s self-efficacy beliefs are formed
prior to, during and following their preparation experience.

Previous work on the development of self-efficacy beliefs among pre-service

teachers has mostly focused on the four sources of self-efficacy theorized by Bandura

24



(mastery experiences, vicarious experiences, verbal persuasion and physiological
arousal). In particular, there is a large body of literature examining the role of coursework
and student teaching placements (that represent mastery experiences) in the development
of self-efficacy beliefs, particularly in specific content areas (Cantrell et al., 2003;
Gurvitch & Metzler, 2009; Pfitzner-Eden, 2016). However, limiting our understanding
of how self-efficacy beliefs develop during teacher preparation by examining specific
components of the program ignores other personal and behavioral factors that are integral
to the development of these beliefs (Clark & Newberry, 2019). Teacher candidates’
preparation and ability to teach effectively are shaped by the interaction of their personal
background, their formal training (such as coursework) and the context of their student
placements (Humphrey & Weschler, 2006). Therefore, personality traits and other
individual factors are crucial to the development of self-efficacy beliefs, even as
components of teacher preparation influence self-efficacy beliefs.
Personal factors in the development of self-efficacy beliefs

Traditionally, examining the role of personal factors in how pre-service teachers
learn to teach has focused mostly on identifying which of these factors are predictive of
teaching success in order to screen applicants to the teaching profession. Much of the
existing research on pre-service teacher candidates’ characteristics when entering
preparation programs is limited to admission criteria including undergraduate GPA,
SAT/ACT score and selectivity of undergraduate institution attended (Mitchel & King,
2016). It is surprising, therefore, that few of these mandated criteria are actually relevant
to teaching quality (Steele et al., 2015). One explanation for the lack of association

between traditional admission criteria and teaching success may be that focusing on these
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discrete variables obscures the likelihood that it is a combination of variables including
candidates’ dispositions and traits in addition to the quality of the preparation program
that makes an effective teacher (Mitchel & King, 2016), and not just criteria used to
decide entry to the profession. Uncovering whether teacher candidates’ demographic
characteristics, personality traits or attitudes towards teaching predict both teaching
success and teaching efficacy is important since it would provide preparation programs
with another tool to identify, accept and train candidates who go on to become effective
teachers.

Teacher preparation programs play a two-fold role in the development of self-
efficacy beliefs (Wiens & Ruday, 2014). First, teacher preparation programs serve as
gatekeepers into teaching in that they screen individuals who may or may not show
potential to be effective teachers. To this end, examining differences in self-efficacy
beliefs at the start of the preparation program based on personal factors can inform
programs whether teacher candidates begin the preparation phase with different needs
and thus require different supports. In addition, as emphasized throughout this study, it is
important to note that personal factors may also interact with progress through the
preparation experience to predict change in self-efficacy beliefs. Based on different
characteristics and perspectives, individual teacher candidates may develop self-efficacy
beliefs in different ways as they progress through program components including
coursework and student teaching experiences.

As noted throughout the following sections, there are substantial limitations with
the existing research on how personal factors such as choice of teaching specialty,

personality traits and attitudes towards children affect self-efficacy beliefs during the
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preparation phase. This paper significantly advances the existing literature on differences
in self-efficacy beliefs among pre-service teachers based on their choice of teaching
specialty by leveraging longitudinal data for multiple cohorts of teacher candidates
enrolled in the same teacher preparation program. The longitudinal nature of the data
allow me to explore differences in self-efficacy beliefs not just at the beginning (or end)
of the program, but across multiple time points during the preparation program for the
same candidates. Data for multiple cohorts allow me to examine trends in the
development of self-efficacy beliefs across a larger sample of pre-service teacher
candidates, and the systematic data collection by a single university-based teacher
preparation program allows me to examine differences due to the three personal factors
explored in this study (choice of teaching specialty, personality traits and attitudes
towards children and teaching), and not because of differences in programs.

Choice of teaching specialty and self-efficacy beliefs. When enrolling in
university-based teacher preparation programs such as the one examined in this study,
pre-service teacher candidates choose to teach elementary students, secondary students or
students with disabilities. According to the literature, this choice is largely based on prior
perceptions of teaching that pre-service teacher candidates bring with them to the
program or on motivational factors that are closely tied with their own educational
experiences (Hong et al., 2017). Commonly referred to as teaching specialty, literature on
teacher preparation has documented that pre-service elementary teachers differ from pre-
service secondary teachers in their attitudes, perceptions of classroom problems
(Ponnock, Torsney & Lombardi, 2018; Veenman, 1984) and commitment to teaching

(Evans and Tribble, 1986; Ponnock et al., 2018).
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Although the current literature comparing self-efficacy beliefs between
elementary, secondary and special education teachers is limited, it provides evidence that
teaching specialty and self-efficacy beliefs may be associated. An early study by Evans
and Tribble (1986) descriptively examined differences in perceived problems and self-
efficacy beliefs among 179 elementary and secondary pre-service teachers in the first
year of their preparation programs. The authors find that prospective elementary teachers
reported significantly higher self-efficacy beliefs than prospective secondary teachers
(p<0.01). This finding is in direct contrast to another study by Savran and Cakiroglu
(2003). In their paper, the authors examined differences in science efficacy beliefs among
646 elementary and secondary pre-service teachers in Turkey and found that secondary
teachers reported significantly higher science self-efficacy beliefs than their elementary
counterparts at the end of the preparation phase.

Another study by Freytag (2001) examined differences in self-efficacy beliefs
among 48 (36 elementary/secondary and 12 special education) beginning teachers who
had just completed their teacher preparation programs. Freytag found that special
education teachers reported significantly higher self-efficacy beliefs than their general
education elementary/secondary peers. A similar study in Turkey with a sample 234
teachers also reported divergent findings, in that participants who taught students with
special education needs did not report significantly different self-efficacy beliefs than
their peers who taught students in general elementary and secondary classrooms (Kaner,
2010).

Although helpful in exploring the relationship between choice of teaching

specialty and self-efficacy beliefs, these studies are limited by their cross-sectional design
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(Evans and Tribble examined differences in self-efficacy at the beginning of the
preparation phase, whereas Savran and Cakiroglu examined differences at the end of the
preparation period). In addition, Freytag (2001) examined differences across beginning
teachers who enrolled in different preparation programs, so the programs themselves (and
not just specific components) may also explain variation in self-efficacy beliefs.

Personality traits and self-efficacy beliefs. In the past several decades, teacher
education has consistently attempted to measure and identify personality traits that
teacher preparation programs might view as necessary for their candidates to possess to
become effective teachers (Bolding, 2017; Damon, 2007; Sockett, 2009). The literature
consistently points to the importance of personality characteristics in determining how
individuals perceive their skills and abilities, particularly when they are inexperienced to
the extent that pre-service teacher candidates are during the preparation phase (Jamil,
Downer & Pianta, 2012). A popular framework used by a large number of research
studies to identify personality traits is the “Big Five” conceptualization of personality
developed by Costa and McCrae (1992), which measures an individual’s neuroticism,
extraversion, openness to experience, agreeableness and conscientiousness. Ripski,
LoCasale-Crouch and Decker (2011) characterize neuroticism as negative emotions such
anxiety and low self-esteem, extraversion as being sociable and assertive, openness as
being curious and imaginative, agreeableness as sympathetic and easily moved and
conscientiousness as being responsible and determined.

Existing research suggests that on average, pre-service teachers report higher
levels of all five personality traits compared to the general population i.e., pre-service

teachers report higher neuroticism, higher extraversion, higher openness, higher
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agreeableness and higher conscientiousness (Decker & Rimm-Kaufman, 2008). Although
we might expect personality traits to remain stable across the pre-service and in-service
phases, Diez (2007) believes that teacher preparation programs play an important role in
supporting candidates to adapt their personalities in ways that set them up for success in
the classroom. As they learn to teach, it is likely that pre-service teachers mediate their
personal orientations in relation to professional contexts and practices, influencing their
daily decisions and judgments in the classroom context. Importantly, teacher preparation
programs are key in enabling teacher candidates to transcend personal preferences and
achieve dispositions that allow them to teach effectively in classrooms (Carroll, 2012).
Thus far, only a handful of studies have examined whether different personality
domains predict self-efficacy beliefs in teaching contexts. Using the same five-factor
model employed in this paper, a study by Navidnia (2009) found that extraversion and
conscientiousness were significantly associated with self-efficacy beliefs among a sample
of 168 English language teachers. Specifically, teachers who expressed higher levels of
extraversion reported lower levels of self-efficacy beliefs, and candidates who expressed
higher levels of conscientiousness reported higher self-efficacy beliefs. Another paper by
Djigic, Stojiljkovi¢ and Doskovi¢ (2014) examined whether 168 in-service teachers’
self-efficacy beliefs were connected to basic personality dimensions. The authors found
that while all five personality domains significantly predicted self-efficacy beliefs among
participants, conscientiousness and openness were the most significant predictors. Both
domains were positively related to self-efficacy beliefs, with participants who were more
open and more conscientious reporting higher self-efficacy beliefs. Findings from both

papers are consistent with a more recent study on pre-service teacher candidates by Jamil
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and colleagues (2012). In their paper, the authors examined a sample of 509 pre-service
teacher candidates across 4 cohorts of a teacher preparation program and found that pre-
service teachers’ levels of extraversion and neuroticism were predictors of their self-
efficacy levels at the end of the program. Teacher candidates who were more extraverted
reported higher levels of self-efficacy, while teacher candidates who were more neurotic
reported lower levels of self-efficacy.

Although all three studies are informative on the link between personality
domains and self-efficacy beliefs, both the Navidnia (2009) and Djigic et al. (2014)
studies use samples of in-service teachers rather than pre-service teachers. If, as pointed
out by Carroll (2012), teacher preparation programs are uniquely situated to providing
pre-service teacher candidates with different supports to enable them to teach effectively,
understanding the link between personality traits and self-efficacy beliefs during the pre-
service phase is crucial. Another limitation with the studies highlighted above is that they
use cross-sectional samples of teachers/ teacher candidates to understand the relationship
between personality traits and self-efficacy beliefs at a specific time point rather than
over the duration of the preparation experience. As highlighted by the Jamil et al. (2012)
paper, more longitudinal research that verifies the relationship between personality
factors and the self-efficacy is critical to our understanding of the development of such
beliefs.

Attitudes towards teaching and self-efficacy. A third set of variables that likely
influence the development of self-efficacy beliefs among pre-service teachers are their
attitudes towards teaching and students. Early research on teacher education suggests that

candidates enter teacher preparation programs with pre-conceived attitudes about
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teaching, children and classrooms based on their own experiences as students (Kagan,
1992; Lortie, 1975; Pajares, 1992; Decker & Rimm-Kaufman, 2008). These attitudes
shape their teaching practices, at least for the first few years they spend in a classroom
(Pianta, 2005). More broadly, attitudes towards children can be classified into teacher-
centered and student-centered approaches. Teacher-centered approaches are found where
judgements about appropriate teaching practices, legitimacy of information and the way
knowledge is operationalized rest primarily with the teacher (Kain, 2003; Rubin &
Herbert, 1998; Villaume, 2000). In contrast, student-centered approaches are when the
construction of knowledge is a shared process and is largely achieved through student
engagement in classroom activities.

There is hardly any literature examining the link between pre-service teacher
attitudes and their self-efficacy beliefs. In their paper, Jamil et al. (2012) examine the
relationship between attitudes towards children and self-efficacy beliefs, and find that
pre-service teachers who had higher self-efficacy beliefs adopted more child or student-
centered approaches than pre-service teachers who reported lower self-efficacy beliefs.
Although indicative of how attitudes towards children and self-efficacy beliefs are linked,
one major limitation with the paper by Jamil and colleagues is that the authors use data
on predictors and self-efficacy beliefs collected at the end of the teacher preparation.
Thus, although the findings suggest that attitudes towards teaching and children do play a
role in determining self-efficacy beliefs, we do not have evidence on whether this
relationship holds at other time points during the teacher preparation phase, or how the
relationship between attitudes towards teaching and self-efficacy beliefs change during

the preparation phase. Examining this relationship is particularly important if we expect
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that attitudes about teaching are likely to influence the development of self-efficacy
beliefs during the preparation phase.
Research Methods

In this study, | leverage archived longitudinal data collected by a southern school
of education in a large public university on prospective teacher candidates enrolled in an
undergraduate/graduate combined teacher preparation program. The longitudinal nature
of the data allow me to observe self-efficacy beliefs for the same teacher candidates over
time, and multiple cohorts allow me to observe patterns in the development of self-
efficacy beliefs for a much larger sample of pre-service teacher candidates than previous
studied. Between 2009 and 2016, seven cohorts of teacher candidates completed self-
report surveys about their education experiences, their attitudes towards teaching and
working with children as well as a series of inventories including a Big Five personality
measure. Candidates also completed self-report surveys on their self-efficacy beliefs at
multiple time points during their enrollment: once each at the beginning of the program,
approximately midway through the program, and at the end of the program. In my
analyses, | include teacher candidates who have at least one time point of data, resulting
in approximately 1500 observations and around 716 individual teacher candidates. This is
a substantially larger sample than has been previously used in studies on pre-service
teachers’ self-efficacy beliefs and the longitudinal nature of the data allow me to examine
the development of these beliefs among the same teacher candidates, which is also rare in
the literature.

Setting
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All participants in this sample were enrolled in a five-years Bachelors/Masters in
Teaching (B/MT) teacher preparation program. In the first two years of the program,
candidates completed general coursework that is required of all undergraduate students at
the institution. Beginning in their third year, teacher candidates were officially enrolled in
the teacher preparation program (which I operationalize as the beginning of the
preparation program). Teacher candidates began their first year in the preparation
program by participating in a year-long tutoring experience with a student from the local
school district classified as struggling in addition to coursework on general and content-
specific teaching, assessment techniques and classroom management among others. The
tutoring experience is designed to allow candidates to begin working with students in a
structured and focused manner where teacher candidates receive detailed feedback from
faculty in the teacher education program. In their second year, teacher candidates
completed two additional experiences teaching approximately 30 hours in each semester,
prior to when they engaged in a formal student teaching opportunity in their third and
final year. The structure of the specific program in this study is different from many
preparation programs that encourage students to engage in teaching experiences, both
informal and formal, only after they have completed foundational coursework. An
important implication of this unique practice-based design allows me to examine changes
in self-efficacy beliefs among teacher candidates who are provided with regular
opportunities to practice their teaching skills.

Measures
This study uses a number of measures collected by the teacher preparation

program through self-report surveys on teacher candidates’ demographic information,
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their personality traits and ideas about teaching in addition to administrative data on
candidates’ teaching specialty.

Demographic and administrative data. The teacher preparation program
collected survey data on teacher candidates’ demographic information, including their
age, gender, race/ethnicity, parental education, characteristics of their high school
(average SES status, average achievement levels and majority student race). These data
were used as control variables in my analyses. The program also provided administrative
data including teacher candidates’ teaching specialty — i.e., whether they were preparing
to teach elementary students, secondary students or students with disabilities. A summary
of participant characteristics is provided in Table 1.

Personality factors. Personality factors were assessed using the Neo Five-Factor
Inventory (Costa & McCrae, 1992). The NEO inventory is a 60-item version designed to
provide a reliable and valid measure of participants’ neuroticism, extraversion, openness
to experience, agreeableness and conscientiousness. Responses range from 1 to 5 on a
Likert scale: 1=Strongly Disagree, 2=Disagree, 3=Neutral, 4=Agree and 5=Strongly
Agree. As designed by the instrument’s authors, the 60 items can be divided into five
subscales representing neuroticism, extraversion, openness to experience, agreeableness
and conscientiousness. Alphas on the NEO dimensions ranged from 0.77 to 0.87. Means
and standard deviations are reported in Table 2.

Ideas about children. In this paper, | use the Ideas About Children scale
(sometimes referred to as the Modernity scale) developed by Shaefer and Edgerton
(1985) to differentiate between adult-centered views and child-centered views of teaching

using a 16-item scale. Although developed originally to characterize parental views, the
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scale has been used to characterize novice teacher approaches in many studies (Jamil et
al., 2012; Mashburn, Hamre, Downer & Pianta, 2006). Each item is on a 5-point Likert
scale rating from 1-strongly disagree to 5- strongly agree and the 16 items are averaged to
create a single composite score. Lower scores indicate a more child-centered view and
higher scores reflect a more adult-centered view. Items include statements such as
“Children should always obey the teacher” and “In order to be fair, a teacher must treat
all children alike”. Alphas ranged from 0.72 to 0.75. Means and standard deviations are
reported in Table 2.

Teacher self-efficacy beliefs. The main outcomes of interest in my analyses (pre-
service teacher candidates’ self-efficacy beliefs) were collected using the Teacher Sense
of Efficacy Scale (TSES) developed by Tschannen-Moran and Hoy in 2001. The long-
form version of the instrument consists of 24 items that are classified into three
composite subscales: 1) efficacy for instructional strategies, 2) efficacy for student
engagement and 3) efficacy for classroom management. While the TSES scale was
originally developed for use with in-service teachers, it has been used extensively with
the pre-service teacher population as well. As recommended by the authors when using
the instrument with pre-service teachers, | use scores on the overall scale rather than the
subscales (Tschannen-Moran & Hoy, 2001)*. Responses range from 1-9 on a Likert scale
with anchors at 1=Nothing, 3=Very little, 5=Some influence, 7=Quite a bit and 9=A great
deal. Cronbach’s alpha for the three subscales ranged from 0.88 to 0.90. Table 3 presents

average self-efficacy levels and standard deviation for the overall self-efficacy scale at

L also conducted factor analyses and tests of measurement invariance across time and cohort to ensure that the measure was
invariant. Consistent with Tschannen-Moran and Hoy’s (2007) factor analysis on the TSES measure for pre-service teachers, | find
that the factor structure for the three subscales resulted in a single factor (for all time points and all cohorts) suggesting that the
TSES measures the underlying construct of self-efficacy and that a total score is appropriate for the analyses presented in this paper
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three time points for the sample of teacher candidates in this study. All teacher candidates
completed the TSES measure as part of a programmatic survey that they were required to
take at the beginning of the preparation program, in their second year of the program, and
in their final year.
Analytic Model

I begin my analysis by examining whether teacher candidates’ self-efficacy
beliefs change significantly over the duration of the teacher preparation program. | then
explore the variation in teacher candidates’ self-efficacy beliefs at the beginning of the
preparation program as well as in their growth trajectories over time. To do so, | fita
linear growth model to describe the shape of teacher candidates’ trajectories using
hierarchical linear modeling (Raudenbush, Bryk, Cheong, Congdon & Du Toit, 2000) in
STATA. For each teacher candidate, a linear regression model is fit with time as the sole
predictor (referred to as an unconditional model). The first part (Level 1) of the two-level
hierarchical model examines variation in self-efficacy beliefs across time within each
teacher candidate and is presented in Equation 1 below:

Yy = o + 1y (Time)y; + ey 1)

In Equation 1, each teacher candidate i’s self-efficacy beliefs (Y) at time t is a function of
an intercept parameter m,,; (which represents their self-efficacy beliefs at the start of the
teacher preparation program), growth parameter m; which represents the average change
in self-efficacy beliefs over the duration of the teacher preparation program and the
residual error term e;; which represents the portion of teacher candidate i’s self-efficacy
belief at time t that is not predicted by time. Here, | assume that the error term e;; is

independent and is normally distributed with a variance of 2.
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At level 2, both the intercept and growth parameters are allowed to vary as a
function of teacher candidate characteristics (i.e., each teacher candidate is allowed to
have an individual intercept and trajectory). Thus, the level 2 model allows me to
examine variation in self-efficacy beliefs between individual teacher candidates which
may be otherwise be masked when examining aggregate results from the level 1 model.
In the level 2 model presented in Equation 2 below, there are two level-2 random effects
uy; and u,; with variances T, and T;, respectively, and with covariance T;.

Toi = Boo + Uo;
T1i = Bro + Ugi (2)
Both the level 1 and level 2 models can be combined into the model presented below in
Equation 3:
Yii = [Boo + BroTimey;] + [ug; + uq Timey; + eq] 3)

Change in self-efficacy beliefs. In equation (3), the mean intercept 5, represents
the average self-efficacy beliefs that teacher candidates reported at the beginning of the
program, and the mean growth rate £3;, represents the average change in self-efficacy
beliefs between each time point (beginning to middle, middle to end of program). A
positive, significant coefficient for ;, suggests that teacher candidates’ self-efficacy
beliefs are growing over time, and that the difference in self-efficacy beliefs between any
two points is statistically significant.

Individual differences among teacher candidates. Equation (3) also includes
estimates of variance for both the mean intercept and the mean growth rate. u;
represents the variance in the mean intercept and provides a sense of the variability in

self-efficacy beliefs at the beginning of the program. A large, statistically significant
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estimate for u,; suggests that teacher candidates’ self-efficacy beliefs vary greatly at the
beginning of the program, and that this variation is significant. Similarly, u,;Time;
represents individual differences in how self-efficacy beliefs develop over time. A large,
statistically significant estimate for u,;Time,; suggests that teacher candidates’ self-
efficacy beliefs develop differently over time and highlights the need to examine why
different teacher candidates’ self-efficacy beliefs follow different trajectories.

The role of personal factors in the development self-efficacy beliefs. After
characterizing individual differences in self-efficacy beliefs, | assess whether these
beliefs are predicted by teacher candidates’ teaching specialty, their personality domains
(neuroticism, extraversion, openness, agreeableness and conscientiousness) and their
attitudes about children and teaching. I also assess whether these factors predict changes
in self-efficacy beliefs- that is, whether teacher candidates’ teaching specialty, their
personality domains and their attitudes predict changes in self-efficacy beliefs. To do so,
| use a hierarchical linear growth model that includes level 2 predictors. The level 1 and
level 2 models are outlined in Equations 4 and 5 respectively:

Yii = mp; + my;(Time)y; + ey (4)

o = Poo + PorTeachingSpecialty; + By, PersonalityDomain; +
PosAttitudes; + uy;
my; = Pro + PiiTeachingSpecialty; + p,,PersonalityDomain; +

BisAttitudes; + uy; (5)
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In the level 1 and level 2 models outlined above, the interpretations for the
intercept and growth parameters remains the same from the unconditional growth model
presented in Equations 1 and 2. These models can be combined as presented in Equation
6 below:

Yii = [Boo + BioTimes; + BoiTeachingSpecialtyy;
+ 11 (TeachingSpecialty)(Time);; + Lo, PersonalityDomaing;
+ iz (PersonalityDomain)(Time); + PosAttitudes;
+ B3 (Attitudes)(Time); |
+ [ug; + uqy;Timey;
+ ey (6)

In the model above, S, represents the magnitude of the relationship between
teaching specialty and self-efficacy beliefs for each teacher candidate i at time t after
controlling for other predictors. Similarly, B,, and 8,5 represent the magnitude of the
relationship between personality domains and self-efficacy beliefs and attitudes towards
children and self-efficacy beliefs respectively. S, represents the magnitude of the
relationship between teaching and self-efficacy beliefs over the duration of the teacher
preparation program after controlling for other predictors. Similarly, g,, and 8,5 measure
the relationship between personality domains and self-efficacy and teaching specialty and
self-efficacy over the duration of the program respectively. All the other terms are
interpreted as in Equation 3.

Results

Descriptive Statistics.
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Table 1 describes the sample of pre-service teacher candidates included in my
final analytic sample. Across the seven cohorts of candidates, 55%?2 of participants were
female and a majority of participants were below the age of 24 (86%). In terms of
racial/ethnic background, 80% of the sample reported being Caucasian, followed by
Asian (10%) and African American (5%). A slight majority were preparing to teach
secondary students (46%) and 41% were preparing to be elementary teachers. The
remaining teachers were preparing to teach elementary students with special education
needs (13%). Overall, the demographics of the samples used in this study are similar to
those of individuals entering the teaching profession (American Association of Colleges
for Teacher Education, 2013).

Change in self-efficacy beliefs

Next, | examine whether pre-service teacher candidates’ self-efficacy beliefs
changed significantly over the duration of the preparation program. Column 2 in Table 4
reports the results from the combined model presented in Equation (3). The estimated
mean intercept, Sy, , and mean growth rate, f3;,, for the self-efficacy data were 7.23 and
0.01 respectively. These coefficients suggest that teacher candidates started the teacher
preparation program with average self-efficacy beliefs around 7.23 points (on a 9-point
scale) and that candidates’ beliefs changed by an average of 0.01 points between each
time point during the study. Starting the preparation program with average self-efficacy
beliefs of around 7.23 points suggest that pre-service teacher candidate entered with

relatively high confidence in their ability to teach students. This aligns with other studies

2 Data on participants gender are missing for 32% of the sample because of administrative changes in how
these data were collected and reported. On average, the teacher preparation program examined in this paper
enrolls about 86% female and 14% male teacher candidates.

41



that have measured self-efficacy beliefs at the beginning of the teacher preparation
program using the TSES measure (see Fives et al., 2007; Pendergast et al., 2011). The
growth rate suggests that on average, teacher candidates’ beliefs did not change
significantly over the course of the teacher preparation program (p>0.10). Although
surprising, this lack of overall change in self-efficacy beliefs has been documented by
other studies including Lin and Gorrell (2001) who suggest that there is a need to
examine variation among individual pre-service teachers rather than assess average self-
efficacy beliefs across all pre-service teachers.
Individual differences among teacher candidates
Consistent with the theory that aggregate patterns of self-efficacy beliefs may

obscure variation in individual self-efficacy beliefs, the HLM analyses show that there is
substantial variation in self-efficacy beliefs among teacher candidates at this university.
Results from the model presented in Equation (3) include estimates of variance of change
that represents individual differences in how self-efficacy beliefs develop over time.
Standard deviations (square roots of these variances) are presented in the random effects
section of Table 4. The estimates for the variances of initial self-efficacy beliefs and
change rate are 0.81 and 0.23 respectively. Both estimates are statistically significant,
suggesting that teacher candidates vary significantly in terms of self-efficacy beliefs
when they enter the program, and that there are also individual differences among the rate
of change in teacher candidates’ self-efficacy beliefs.
The role of personal factors in the development self-efficacy beliefs

I then examine whether teacher candidates’ teaching specialty, personality traits or

beliefs about teaching explain the variation in self-efficacy beliefs both at the beginning
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of the program and in the trajectory of beliefs over the duration of the preparation
program. Models 2-4 in Table 4 report estimates from the model presented in Equation 6
for each of the predictors. Model 1 in Table 4 controls for demographic factors, including
teacher candidates’ age, gender and race as well as fixed-effects for cohort (yj) and year
of TSES measure completion. Each successive model adds teaching specialty, personality
domains and ideas about children respectively.

Teaching Specialty. Model 2 in Table 4 estimates the relationship between
teaching specialty and teacher candidates’ self-efficacy beliefs after controlling for
demographic variables, year and cohort fixed-effects. Estimates from this model suggest
that elementary teacher candidates begin the preparation program with an average self-
efficacy belief of 7.30 points and that their beliefs decrease by 0.02 points (on a 10-point
scale) on average between each time point. The difference between elementary and
secondary candidates is statistically significant (5,,=-0.30, p<0.05) suggesting that
secondary teacher candidates report significantly lower self-efficacy beliefs on entering
the program than elementary teacher candidates. Teacher candidates preparing to teach
students with special education needs also report slightly lower self-efficacy beliefs than
elementary teacher candidates at the start of the preparation program, but this difference
is small in magnitude and is not statistically significant (8,,=-0.01, p>0.10).

Random effects estimates for model 2 suggests that there are significant
differences in both the average self-efficacy beliefs at the beginning of the preparation
program (f,,=0.74,p<0.01) and in the trajectory of self-efficacy beliefs based on
teaching specialty £,,=0.22, p<0.01). Figure 3 plots the trajectories of self-efficacy

beliefs by teaching specialty. As highlighted above, secondary teacher candidates begin
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the preparation program with significantly lower self-efficacy beliefs than their
elementary and special education peers. Across the duration of the preparation program,
Figure 3 shows that for both elementary and special education teacher candidates, self-
efficacy beliefs decrease slightly between the beginning and middle of the program, and
then increase again by the end of the program. In contrast, Figure 3 shows that self-
efficacy beliefs for secondary teacher candidates increase slightly between the beginning
and middle of the program, and then decrease by the end of the program. Importantly,
secondary teacher candidates continue to report lower self-efficacy beliefs than their
peers throughout the program. It is important to note here that although I observe slight
increases and decreases in self-efficacy beliefs across the duration of the program, on the
whole, self-efficacy beliefs are remarkably stable across time for the sample of teacher
candidates observed in this study.

Personality traits. Model 3 of Table 4 presents HLM estimates of different
personality domains on teacher candidates’ self-efficacy beliefs after controlling for
teaching specialty, demographic variables and fixed-effects for cohort and year of
completion. Estimates from model 3 suggest that after accounting for the other
personality domains, only neuroticism and conscientiousness appear to significantly
predict teacher candidates’ self-efficacy beliefs at the beginning of the teacher
preparation program. Specifically, teacher candidates who report higher levels of
neuroticism at the start of the program report significantly lower self-efficacy beliefs than
their peers who report lower levels of neuroticism at the start of the program (,,=-0.26,
p<0.10). The left panel of Figure 4 plots the relationship between different levels of

neuroticism and self-efficacy beliefs at the three time points during the teacher
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preparation program. Figure 4 shows that the relationship between self-reported levels of
neuroticism and self-efficacy beliefs also appear to be stable across the duration of the
preparation program. The stability of patterns in Figure 4 suggests that teacher candidates
who report the highest levels of neuroticism consistently report the lowest levels of self-
efficacy beliefs (and vice versa).

Apart from neuroticism, conscientiousness also appears to be significantly
associated with pre-service teacher candidates’ self-efficacy beliefs. Estimates from
model 3 suggest that teacher candidates who report higher levels of conscientiousness at
the start of the program report significantly higher self-efficacy beliefs than their peers
who report lower levels of conscientiousness at the start of the program (5,,=0.92,
p<0.01). Despite reporting higher self-efficacy, highly conscientious teacher candidates
experience significant decreases in self-efficacy beliefs across the duration of the teacher
preparation program (f;,=-0.20, p<0.05). This relationship is plotted in the right panel of
Figure 4- of the five levels, teacher candidates who report very high conscientiousness
report the highest self-efficacy beliefs at the start of the teacher preparation program but
also experience the steepest decline.

Attitudes towards teaching. Finally, Model 4 of Table 4 presents the effect of
attitudes towards teaching (measured by the Ideas about Children scale) on teacher
candidates’ self-efficacy beliefs after controlling for demographic factors, teaching
specialty, personality domains and fixed effects for cohort and year of completion. HLM
estimates suggest that teacher candidates who report more child-centered views of
teaching at the beginning of the teacher preparation program report significantly higher

self-efficacy beliefs (8,,=0.46, p<0.01) than their peers who report more adult-centered
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views towards teaching. However, estimates of [5;, suggest that attitudes towards children
and teaching do not predict change in self-efficacy beliefs over the duration of the
preparation program (f;,=0.00, p>0.10).

Discussion

Although personal characteristics and the manner in which they influence how an
individual interacts and responds with the environment are critical to the development of
self-efficacy beliefs according to Bandura’s social cognitive theory, the teacher
preparation literature has not paid much attention to the role of these factors in self-
efficacy beliefs among pre-service teachers. Acknowledging and examining variation in
the how individual pre-service teachers’ self-efficacy beliefs is critical to tailoring a
package of coursework, clinical practice, mentoring, and appropriate placement to fit the
needs of different individuals. As they learn to teach, pre-service teachers need help
mediating their personal beliefs, attitudes and ideas in relation to professional contexts
and practices (Carroll, 2012). Essentially, candidates need assistance in building on the
foundation of values, personal beliefs and personality domains they bring to teacher
education to construct a responsible professional identity and set of practices.

This study presents important evidence on the role of personal factors including
teaching specialty, personality traits and attitudes towards children in the development of
self-efficacy beliefs among pre-service teacher candidates using data that are rare in
typical teacher preparation contexts. | leverage rich longitudinal data collected by a single
university-based teacher preparation program that allows me to observe teacher
candidates’ personal factors as well as self-efficacy beliefs across multiple time points

during the preparation experience for multiple cohorts of the same teacher candidates.
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These data allow me to improve and extent on previous cross-sectional studies examining
differences and predictors of self-efficacy beliefs among pre-service teachers.

Overall, I find that when candidates enter their teacher preparation program
several personal factors significantly predict their self-efficacy beliefs. First, I find that
choice of teaching specialty predicts teacher candidates’ self-efficacy at the start of the
preparation program. Specifically, teacher candidates who are preparing to teach
secondary students report significantly lower self-efficacy beliefs at the beginning of the
preparation program as compared to teacher candidates who are preparing to teach
elementary students or students who require special education. This difference is in line
with earlier findings by Evans and Tribble (1986) who also documented significant
differences among elementary and secondary teacher candidates. This paper improves on
earlier literature by highlighting that differences between secondary candidates’ self-
efficacy beliefs and those of their peers continue to persist across the duration of the
preparation program. These persistent differences suggest that secondary teacher
candidates likely respond differently to the preparation program than elementary or
special education candidates. For example, elementary and/or special education teacher
candidates may benefit more from coursework and practice opportunities that help them
meet children’s needs for structure, discipline and routine, while secondary teacher
candidates may benefit more from addressing the developmental needs of adolescents
(Decker & Rimm-Kaufman, 2008). Tailoring coursework and practice opportunities to
the specific demands that differ across different teaching specialties may be one way to

improve teacher candidates’ self-efficacy beliefs.
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Second, I find that candidates’ personality traits (neuroticism, extraversion,
agreeableness and conscientiousness) also affect their self-efficacy beliefs at the
beginning of the program, and that neuroticism and conscientiousness continue to affect
self-efficacy beliefs throughout the program. These findings are consistent with those
from Jamil et al. (2012) who find that teacher candidates who were more extraverted
reported higher levels of self-efficacy, while teacher candidates who were more neurotic
reported lower levels of self-efficacy. The ability to empirically link teacher candidates’
personality domains and self-efficacy beliefs is critical to tailoring individualized
experiences that allow candidates to transcend their personal dispositions and become
effective teachers. Teacher education programs educate individuals from a wide range of
backgrounds, experiences and education levels, all of which affect their teaching practice.
Although personality characteristics are generally thought of as being “traits” and
therefore hard to change, teacher education programs can help candidates identify the
relationship between their own personalities and their teaching strategies as well as
provide them with appropriate coping mechanisms to channel their personalities into
effective teaching (Rimm-Kaufman & Hamre, 2010; Jamil et al., 2012). To provide an
example, Rimm-Kaufman and Hamre (2010) highlight that an extroverted teacher
candidate may need support from mentor teachers or coaches when presented with a
challenging group of students and may fail if such support were not provided to them. In
contrast, an introverted teacher may have developed strategies for their own teaching that
is less dependent on external sources of support. Recognizing and addressing these

different needs early on in the preparation phase might help teacher candidates realize
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their own strengths and limitations accordingly, as well as enable preparation programs to
provide differential supports that maximize pre-service teachers’ efficiencies.

Finally, I find that attitudes towards children also explain a significant amount of
variation in pre-service teachers’ self-efficacy beliefs at the beginning of the program, but
do not predict the trajectory of self-efficacy beliefs across the duration of the program.
Specifically, I find that teacher candidates who express more child-centered approaches
to teaching report significantly higher self-efficacy beliefs than those with more adult-
centered approaches to teaching. These patterns are consistent with previous literature
suggesting that in-service teachers with more child-centered approaches to teaching
report higher self-efficacy beliefs than their peers who report more adult-centered
approaches to teaching (Jamil et al., 2012). More research on the stability of attitudes
towards teaching during the teacher preparation phase and factors that influence whether
pre-service teachers adopt more child-centered views of teaching or adult-centered views
would help uncover if we might expect to see a strong relationship with self-efficacy
beliefs over time.

Limitations and Future Research

Although this study builds on previous work examining self-efficacy beliefs
among pre-service teachers in important ways, it is limited by the fact that the data comes
from a single teacher preparation program and thus these results might not generalize to
other pre-service teaching populations. This study is also inherently descriptive in nature
and makes no causal claims about the relationships between any personal factors studied
and teacher candidates’ self-efficacy beliefs. Findings from this study provide numerous

directions for future research on the role of personal factors or candidate’ beliefs,
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characteristics and perspectives in the shaping of self-efficacy beliefs during the
preparation phase. For example, although this study highlights that secondary teacher
candidates might derive different experiences than their elementary or special education
peers, it is beyond the scope of the study to explore the exact mechanisms that explain
these differences. Future research might use mixed-methods to understand how teacher
candidates in different teaching specialties perceive their teacher preparation experiences.
Another direction for future research is to examine whether targeted supports can
influence the relationship between personality traits and self-efficacy beliefs. For
example, it appears from my findings that pre-service teachers who reported high levels
of neuroticism at the beginning of the preparation program also reported the most
increase in self-efficacy beliefs by the end of the program. It is possible that providing
pre-service teachers who report higher-than-average neuroticism levels at the beginning
of the program with additional student teaching experiences (or other forms of mastery
experiences) may help reduce their anxiety and self-consciousness and develop their
confidence in teaching.
Conclusion

Teacher self-efficacy in general, and novice teacher self-efficacy in particular, is
important for a variety of teacher practices and student outcomes (Tschannen-Moran &
Hoy, 2001). Given that novice teachers’ self-efficacy beliefs are largely formed during
their training, it is important to pay attention to the role of personal factors in the
development of self-efficacy beliefs in this stage. Learning more about the processes
which underline self-efficacy might provide evidence on how to better support teacher

candidates, increase their motivation and ultimately enable them to effectively teach in
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classrooms (Jamil et al., 2012). Teacher education programs enroll a wide variety of
applicants who bring with them different characteristics, personalities and ideologies with
the goal of training them to teach in stressful and demanding classroom environments.
This study contributes to the literature on self-efficacy beliefs among pre-service teachers
and highlights the importance of understanding differences in candidates based on what
they bring with them to the preparation program and the role these differences play in
affecting their self-efficacy beliefs. Ultimately, helping teachers learn more about
themselves and their beliefs may contribute to them developing more skills and

confidence in their own ability as educators.
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Figure 2

Social Cognitive Theory in the Context of Teacher Preparation
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Figure 3

Effects of Teaching Specialty on Self-Efficacy Beliefs

Teaching Specialty and Self-Efficacy Beliefs
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Figure 4

Effects of Personality Domains on Self-Efficacy Beliefs

Personality Domains and Self-Efficacy Beliefs
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Table 1

Descriptive Statistics for Demographic Variables at Beginning of Preparation Program

(N=515)

Demographic Covariates
Program specialization
Elementary
Secondary
Special Education
Gender
Female
Male
Race/Ethnicity
Caucasian/White
Asian
African American
Hispanic
Other
Age
20 or under
21-23
24-26
27-29
30 or over
High School Location
Rural
Suburban
Urban
High School Majority SES
Low SES
Middle SES
High SES
High School Majority Race
Primarily students of color
Mixed
Primarily white students

% Non-missing

100%
68%
100%
88%
45%
41%
1%
0%
1%
100%
100%
100%

%

41%
46%
13%

55%
13%

80%
10%
5%
2%
3%

45%
41%
1%
0%
1%

19%
71%
10%

10%
64%
26%

7%
42%
51%
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Table 2

Descriptive Statistics for Measures at Beginning of Preparation Program (N=515)

Mean Sample Sample
Measure (SD) Range Min Max

1. Overall Self-efficacy 7.22 1-9 4.38 5
(0.93)

2. Neuroticism 2.63 1-5 1.36 4.09
(0.39)

3. Extraversion 3.34 1-5 2.58 4.33
(0.30)

4. Openness 3.01 1-5 2.08 4.33
(0.28)

5. Agreeableness 2.91 1-5 2.16 4.25
(0.32)

6. Conscientiousness 3.55 1-5 2.83 4.17
(0.24)

7. ldeas about Children 2.65 1-5 1.80 3.80
(0.32)
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Table 3

Mean Self-Efficacy Levels at Time 1, Time 2 and Time 3 Of Preparation Program
(N=1522 Across All Three Time Points)

(1) () 3)
End of
Beginning of program  Middle of program program
(Time 1) (Time 2) (Time 3)
Overall Self-Efficacy 7.22 7.22 7.25
(0.93) (0.92) (0.95)

Note: Standard deviations are reported in parentheses
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Table 4

Estimates of Fixed effects, Random effects and Goodness of Fit for Linear Growth Models (N=1522)

Demographic

Adding
Teaching
Specialty
Model 2

Adding Personality

Domains
Model 3

Adding Child-

centered views of

teaching
Model 4

Fixed effects

Intercept
Linear change
Elementary
Elementary x Time
Secondary
Secondary x Time
Special Education
Special Education x Time
Personality Domains
Neuroticism
Neuroticism x Time
Extraversion
Extraversion x Time
Openness
Openness x Time
Agreeableness
Agreeableness x Time
Conscientiousness
Conscientiousness x Time
Child-centered views of teaching
Child-centered views x Time
Level 2 (Random effects
Intercept
Linear change

Unconditional variables
Model Model 1
7.23** (0.05) 7.11** (0.16)
0.01 (0.02) 0.00 (0.02)
0.81** (0.07) 0.75** (0.07)
0.23** (0.04) 0.22** (0.05)
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7.30%* (0.17)
-0.02 (0.04)

-0.30* (0.12)
0.01 (0.05)
-0.01 (0.16)
0.08 (0.07)

0.74** (0.07)
0.22** (0.05)

5.24** (1.06)
0.43 (0.47)

-0.27* (0.11)
0.01 (0.05)
0.00 (0.16)
0.08 (0.07)

-0.26+ (0.14)
-0.02 (0.06)
0.26 (0.18)
-0.05 (0.08)
-0.18 (0.19)
0.13 (0.09)

-0.30+ (0.18)
0.03 (0.08)

0.92*%* (0.23)

-0.20* (0.10)

0.63** (0.08)
0.20** (0.05)

3.70%* (1.20)
0.42 (0.53)

-0.30%* (0.11)
0.02 (0.05)
-0.01 (0.16)
0.08 (0.07)

-0.24+ (0.14)
-0.01 (0.06)
0.25 (0.18)
-0.05 (0.08)
-0.09 (0.20)
0.13 (0.09)
-0.21 (0.18)
0.01 (0.08)

0.91** (0.23)

-0.20* (0.10)

0.46** (0.17)
0.00 (0.08)

0.61** (0.08)
0.20%*(0.05)



Rate of change -0.46** (0.12)  -0.41** (0.15)  -0.42** (0.15) -0.36 (0.21) -0.36 (0.22)
Goodness of fit 365.34%* (3)  323.71** (3) 310.96** (3) 239.65** (3) 226.41** (3)

** p<0.01 *p<0.05 +p<0.10
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CHAPTER I11: EXPERIMENTAL EVIDENCE ON THE ROBUSTNESS OF
COACHING SUPPORTS IN TEACHER EDUCATION

In light of growing evidence that most novice teachers are forced to learn to teach
“on the job”, the field of teacher preparation has focused on how to push some of this
learning into the pre-service period to provide teacher candidates with practical skills that
they can apply in classroom contexts (Atteberry et al., 2015; Harris & Sass, 2011; Kraft
& Papay, 2014; Papay & Laski, 2018). The need for robust preparation experiences is
highlighted given that a majority of novice teachers report feeling underprepared and
experience a reality-shock when they first enter the classroom environment, leading to
stress, burnout, attrition and negative outcomes for students in the long term (Ingersoll,
2001; Papay & Laski, 2018). Optimizing preparation experiences to ensure that pre-
service teacher candidates are ready to teach from their first day in the classroom has
been a longstanding goal of preparation programs, yet there is a lack of evidence on the
best ways to prepare new teachers in a robust, scalable manner.

All teacher educators agree that pre-service and novice teachers benefit from
engaging in or doing the work of teaching, with feedback and support from teacher
educators during the preparation experience (Ball & Forzani, 2009; Grossman,
Hammerness & McDonald, 2009b; Hoffman, et al., 2015), As a result, university-based
teacher preparation has shifted to a practice-based model with the ultimate aim of
improved instruction and better student and teacher outcomes (Ball & Forzani, 2009).

Despite the focus on situated practice with feedback in the preparation context, clinical
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experiences and mentors vary in the amount of autonomy and practice opportunities they
afford candidates. Not every candidate gets to practice every teaching skill they may need
to engage and support students during their field placements (Ronfeldt, 2015). Thus,
preparation programs across the country have been studying the degree to which some
practice with targeted feedback can also occur in coursework. Such “approximations of
teaching” -role-plays, rehearsals, and simulations-have been shown in qualitative work to
support teacher candidates’ ability to translate theoretical knowledge about “effective
teaching” into their actual practice (Grossman et al., 2009b; Kavanagh & Rainey, 2017;
Reisman et al., 2019; Windschitl, 2002).

One promising approach to providing candidates with feedback that is tied to
practice opportunities during coursework (Kraft et al., 2018) is coaching. Coaching has
been used extensively to support in-service teachers (Stahl et al., 2016) and has been
shown to improve teachers’ lesson planning and classroom organizational skills, use of
instructional skills, as well as teachers’ attitudes toward teaching, feelings of self-
efficacy, and student achievement (Desimone & Pak, 2016; Kretlow & Bartholomew,
2010). Coaching can be a particularly powerful tool during the preparation phase since
teacher candidates often lack the knowledge to identify strengths and weaknesses of their
own (or their peers) while they are still learning to teach (Ericsson & Pool, 2016).
Although the literature on coaching in the pre-service context is nascent, a handful of

studies associate coaching with improvements in teacher candidates’ affect, overall
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satisfaction with preparation, attitudes towards self-development, and skill
development (Bowman & McCormick, 2000; Cohen et al., 2020; Cohen & Wiseman,
2021).

What is less clear from the literature are the mechanisms, contexts and conditions
that make coaching tied to practice opportunities effective during the preparation phase.
Theories suggest that coaches serve as experts who can observe teachers as they carry out
the work of teaching, evaluate their strengths and weaknesses and develop individualized
strategies to skill development (Blazar & Kraft, 2015; Coburn & Woulfin, 2012), but
there is hardly any empirical evidence on the efficacy of coaching supports for pre-
service teachers (Kraft et al., 2018). The field of teacher coaching in general, and pre-
service teacher coaching in particular, is in urgent need of rigorous evidence on the
causal impact of providing pre-service candidates with coaching in the context of
standardized practice opportunities on their pedagogical skills. In addition, researchers
should explore the robustness of such coaching supports across systematic sources of
variation we might expect to find given documented differences across preparation
experiences and populations of teacher candidates (Blazar & Kraft, 2015; Hill et al.,
2013; Ronfeldt, 2015) if we are to build the evidence-base on using supports such as
coaching to prepare teachers for classroom teaching.

This paper examines the impact of a specific type of coaching provided by expert
coaches, directive coaching, in improving pre-service teacher candidates’ instructional
practices during standardized, simulated practice opportunities. Along with providing
evidence on whether directive coaching supports tied to practice opportunities are useful

during the preparation phase, we also examine the robustness of coaching supports across
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different teaching tasks, timing of study period, training context and modes of delivery
within a single university site (Hammond & Moore, 2018; Ippolito, 2010). Using
prospective replication research designs, we implemented a series of five randomized
control trials (RCTSs) at a single university site to evaluate the effectiveness of coaching
in improving teacher candidates’ practices in a mixed reality simulation setting. The
simulations are considered “mixed reality” because the interface is a virtual classroom,
but student avatars are remotely controlled by a trained actor, termed an ‘interactor’
(Dieker et al., 2013).

Across the five studies, we kept the coaching protocol and simulation setting
consistent but systematically varied the teaching task being practiced in the simulator, the
timing of when the study was conducted, and the mode of delivery of the simulated
session. In addition, we tested whether coaching effects persisted for a group of
undergraduate students who expressed an interest in teaching but were not yet enrolled in
formal teacher preparation. We address two research questions: 1) What is the impact of
targeted, directive coaching on pre-service teachers’ skills in a simulated teaching
environment? and 2) Are coaching effects robust across different sources of systematic
variation (including different pedagogical teaching tasks, timing of the study period,
context of practice and coaching and mode of delivery of simulated sessions)?

Overall, we find that providing pre-service teacher candidates with targeted,
directive coaching significantly improves their pedagogical skills in a mixed-reality
simulated practice setting. We also find that in the context of a single university site,
coaching effects are robust in terms of direction, magnitude, and statistical significance

patterns across different teaching tasks, timing of the coaching intervention, and different
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modes of delivery. However, we find that coaching effects are smaller in magnitude (yet
significant) for participants not yet enrolled in teacher preparation. Findings from this
paper have significant implications for teacher preparation programs and educators as the
field explores scalable innovations for enhancing the preparedness of new teachers.

This paper proceeds as follows. In Section 1, we provide background and an
overview of the literature on practice-based teacher education, and coaching supports to
improve teaching practices. Here, we also describe sources of variation that we use to
examine patterns of robustness in coaching effects. In Section 2, we outline our research
methods, including sample and setting characteristics, treatment and control contrast,
experimental design, conceptual replication designs and our analytic plan. In Section 3,
we present our results estimating the impact of providing participants with targeted,
directive coaching on their teaching practices in a simulated teaching context and assess
the robustness of coaching effects across systematic sources of variation. In Section 4, we
discuss our findings, provide implications for teacher preparation policy and directions
for future research.

Background

The literature has consistently documented that novice teachers struggle during
the initial period of teaching (Friedman & Gavish, 2001), often using terms such as
“reality shock” (Veenman, 1984; McCormack & Thomas, 2003) or “transition shock™
(Corcoran, 1981) to describe the mismatch between novice teachers’ expectations and the
reality they encounter when they first enter a classroom. In part, this mismatch is due to
tremendous variation in how pre-service teachers are prepared, leading to successive

cohorts of new teachers entering the classroom with vastly different knowledge and skills
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(Ronfeldt, 2015). Criticisms against teacher preparation programs include a narrow focus
on helping teacher candidates learn “what to teach”, rather than addressing what being a
teacher really means and how to transfer generalize acquired teaching techniques to real
world settings (situated practice, importance of simulated sessions mirroring what
happens in real classrooms) (Scheeler, 2007; Gavish & Friedman, 2010). Evidence
suggests that most novice teachers improve dramatically during their first few years,
learning a lot on the job (Atteberry et al., 2015; Harris & Sass, 2011; Kraft & Papay,
2014; Papay & Laski, 2018). From the teacher preparation perspective, this raises the
question of whether (and how) we can push some of this learning into the pre-service
period so that new teachers are better prepared from their first day in the profession.
Practice opportunities and feedback in teacher preparation

Traditionally, teacher preparation programs across the country have employed an
“apprenticeship” model where teacher candidates learn to teach by observing teacher
educators in clinical settings and other experts do the work of teaching while
simultaneously developing content and pedagogical knowledge through their coursework
(Cruikshank & Armaline, 1986). While useful in giving teacher candidates a sense of
instructional techniques, apprenticeship models are often problematic because they
sometimes reinforce incorrect instructional practices and even counter the teachings
provided in coursework (Grossman et al., 2009b). In contrast, practice opportunities
grounded in university classrooms can provide candidates flexibility to experiment, learn,
regroup and reflect on their own practice rather than shadow performance by mentor

teachers or other experts in clinical settings.
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Recently, teacher preparation programs have shifted to practice-based approaches
in teacher education in an effort to provide pre-service teacher candidates with more
opportunities to practice their instructional skills and get a feel for what being a lead
teacher in a classroom environment involves, while also receiving feedback from their
mentors (Levine, 2006). A practice-based approach (PBTE) to teacher preparation centers
on the idea that candidates need scaffolded experiences to develop classroom-skills, in
addition to more traditional approaches that foreground educational theory and subject-
area knowledge (Grossman et al., 2009b). With the move to PBTE, teacher educators
have begun experimenting with providing candidates with “representations” or examples
of skilled teaching during their coursework that are then “decomposed” or broken apart to
highlight key features of the particular teaching practice (Grossman et al., 2009b).

Research on practice-based teacher education highlights the importance of two
critical “components” that allow teacher candidates to improve their instructional
practices during the preparation phase- practice and targeted feedback. Specifically,
teacher candidates benefit from deliberately sequenced practice opportunities that
increase in complexity over time, along with extensive feedback from an expert teacher
or mentor (Carpenter & DeLosh, 2005; Karpicke & Bauernschmidt, 2011) when learning
complex skills required for effective teaching in a classroom setting. What remains
unclear is the context in which such practice opportunities and targeted feedback should
occur and the best ways to couple practice opportunities and feedback supports to
improve teacher candidates’ practice (Lampert, 2009). Given the limited duration but
critical nature of the teacher preparatory period, the field is need of more rigorous and

generalizable evidence about the best ways to support teacher candidates through
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standardized practice sessions and feedback to improve their instructional skills during
the pre-service phase.
Coaching to Improve Instructional Skills

One way to provide teacher candidates with a combination of practice
opportunities and targeted feedback for improvement is through coaching. Typical
models of coaching for pre-service teachers incorporate feedback from three sources: the
university supervisor, the directing teacher or a peer coach (Anderson & Radencich,
2001). In such contexts, mentor teachers, university supervisors and instructors work
together to provide support and feedback (most often in group settings) to improve
teacher candidates’ success during their field placements (Darling-Hammond, Holtzman,
Gatlin & Heilig, 2005; Scheeler, 2007). Unfortunately, this feedback is often delayed and
occurs infrequently because of the time and resources that supervisors and mentors need
to devote to the process, which makes coaching from supervisors inadequate for skill
development among pre-service teacher candidates. Peer coaching, where pre-service
teacher candidates observe each other practicing instructional skills and offer feedback in
group settings, is another form of preservice teacher coaching that has been shown to
improve skills in the short term (Britton & Anderson, 2010), but is not as effective at
improving candidates’ instructional skills as receiving feedback from experts or mentors
with more experience and knowledge (Hoffman et al., 2015).

Coaching is a popular strategy for improving in-service teacher practice (Coburn
& Woulfin, 2012), where instructional experts work with teachers to improve specific
aspects of their teaching, either individually or as part of a small group (Fletcher &

Mullen, 2012). The literature on coaching has broadly distinguished between two types of
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coaching based on how coaches position themselves in relation to teachers- responsive
coaching (Dozier, 2006) and directive coaching (Deussen, Coskie, Robinson & Autio,
2007). Responsive coaching relationships are where coaches facilitate self-reflection
among teachers, thereby allowing teachers’ needs to guide the process (Ippolito, 2010).
In contrast, directive coaching occurs when coaches play the role of an expert, identify
teachers’ areas of weakness and provide specific strategies for improvement (Deussen et
al, 2007; Hammond & Moore, 2018; Ippolito, 2010) related to specific instructional
skills. Previous work suggests that directive coaching works better with less experienced
teachers (Killion, 2016; Steiner & Kowal, 2007), who benefit from specific, targeted and
individualized feedback on their instructional performance or practice.

Despite theoretical knowledge that pre-service teachers benefit from immediate,
personalized feedback from “expert others” to improve their instructional practice, the
empirical evidence on how to structure and implement coaching supports in the context
of standardized, sequential practice opportunities during teacher preparation remains
weak. This lack of evidence around coaching in the pre-service context is surprising,
given that when learning complex teaching skills, teacher candidates would likely benefit
even more from learning opportunities that involve extensive scaffolding that coaching
provides (Karpicke & Bauernschmidt, 2011) than in-service teachers. During the
preparation phase, candidates often do not have sufficient knowledge to recognize their
own strengths and weaknesses related to teaching, to isolate strategies that result
ineffective instruction or to fully understand the impact of their instruction on students
(Ericcson & Pool, 2016). Here, a coach who provides specific, targeted feedback that

focuses on a narrow set of instructional skills (as in the case of directive coaching) may
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have the power to transform how pre-service teachers learn, and their instructional
efficacy when they enter the classroom.
The potential of simulated teaching environments

Given the limited duration of teacher education, policy makers and programs alike
need more empirical evidence to make strategic choices about the nature, structure, and
sequence of practice opportunities that can incorporate feedback in the form of coaching.
Current practice opportunities during the pre-service phase in the form of “role-playing”
as part of group activities or during student teaching placements are not realistic, feasible
or scalable in a standardized manner across all teacher candidates (Ronfeldt, 2015).
Digitally mediated simulations that have been used widely in other professions such as
aviation and the military offer realistic and standardized spaces to approximate practice
that can be embedded into coursework that pre-service teacher candidates routinely
complete as part of their preparation experience.

In teacher preparation, mixed reality simulations can be designed to reflect the
real-world complexities of live teaching environments (Slater, 2009), especially since
studies have shown that simulations feel more realistic than other approximations of
practice including role-plays and rehearsals, and that participants respond in ways that are
closely aligned with what they might do in actual classroom settings (Arora et al., 2011a;
Dieker et al., 2013; Slater, 2009). Voice actors (termed “interactors) who control digitally
mediated avatars can be trained to respond in real time to teacher candidates’
instructional cues in ways that real children would. Importantly, teacher candidates are

able to suspend disbelief and have a complete practice experience since they do not know
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exactly how the technology works, or that a person is controlling the simulated student
avatars.

Technologically mediated simulations are particularly promising in the context of
causal work, since they afford standardized opportunities across teacher candidates in a
cost-and-time effective manner (In this study, participants completed simulated sessions
that were each on average, 15 minutes long, including targeted coaching supports). One
of the major reasons for the lack of causal evidence surrounding the efficacy of practice
opportunities with coaching during the pre-service phase is the inability to control for
differences in clinical placements (Bell, Jones, Qi & Lewis, 2018), as well as logistical
and methodological challenges with observing pre-service teacher candidates in live
classroom settings. By allowing teacher educators and researchers to deliver simulated
practice settings in exactly the same manner for all candidates, there is clearer focus on
specific instructional skills that is not confounded by variation in teacher candidates
themselves, preparation experiences or mentor teachers (Steinberg & Garrett, 2016).
Finally, the short duration of simulation sessions allow teacher candidates the opportunity
to “do-over” their practice, along with targeted supports such as coaching in an efficient
and scalable manner.
Efficacy of coaching supports during simulated practice opportunities

In previous work, we examined whether pre-service teacher candidates in two
independent studies showed improved skills when they received targeted, directive
coaching from trained coaches in a simulated classroom (Cohen et al., 2020; Cohen &
Wiseman, 2021). In one study where teacher candidates focused on redirecting off-task

student avatar behaviors, we randomized 105 candidates who completed simulator
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session as part of their methods coursework to one of three conditions: bug-in-ear
feedback with coaching, coaching and self-reflection (Cohen et al., 2020). In our
findings, we observe that both bug-in-ear feedback with coaching and coaching only
produced statistically significant effects on teacher candidates’ performance at redirecting
off-task behaviors in the simulator. The bug-in-ear feedback with coaching group scored
2.50 points higher on a 10-point quality performance scale relative to the self-reflection
group (ES =1.86 SD; p< 0.01), while the coaching group scored 2.54 points higher than
the “Self-Reflection” group (ES =1.70 SD; p< 0.01). In another study, 103 candidates
were (independently) randomized to either complete self-reflection or receive targeted
feedback from an expert coach as they practiced providing high-quality feedback to
simulated student avatars during a text-based discussion (Cohen & Wiseman, 2021).
Results suggest that candidates who receive coaching performed significantly better than
their peers in the self-reflection group. Specifically, coached candidates scored 1.30
points higher (ES=1.25 SD, p<0.01) on an overall quality of feedback scale, compared to
their peers who instead engaged in self-reflection. Taken together, findings from both
studies provide encouraging evidence that providing pre-service teacher candidates with
targeted, directive coaching can improve their proximal outcomes of teaching skills and
beliefs.

However, both studies are limited because they each examined the efficacy of
coaching for a specific teaching practice (either setting classroom norms or providing
high-quality feedback) for a single group of teacher candidates. Thus, although we found
that coaching can help improve skills with which novice and pre-service teachers often

report struggling, there is need for more evidence on whether these effects replicate
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across different systematic sources of variation (such as different instructional practices,
settings and modes of delivery). Building the empirical evidence base on the best ways to
provide teacher candidates with simulated practice opportunities coupled with directive
coaching is critical for generalizing effects in teacher preparation (Cole & Stuart, 2010;
Stuart, Cole, Bradshaw, & Leaf, 2011; Tipton & Olson, 2018).

In this paper, we extend our work to examine the contexts and conditions under
which directive coaching improves pre-service teacher candidates’ skills during simulated
practice opportunities. One way of examining why or what might make coaching more or
less effective for certain pre-service teachers is to systematically introduce different
sources of variation that might explain heterogeneity in coaching effects, while keeping
the coaching protocol consistent. In this paper, we analyze data from five? studies that
evaluate the impact of providing participants with expert coaching on improving their
pedagogical skills in the simulator. Across the five studies, we are interested in whether
coaching effects are robust across four specific sources of variation: 1) different teaching
tasks, 2) different study timings, 3) different contexts for simulated practice and directive
coaching supports and 4) different modes of delivery of simulated sessions and coaching.

Teaching task. We first examine differences in coaching effects across different
pedagogical tasks practiced in the simulator. A majority of the research on coaching in-
service teachers focuses on content-specific coaching programs in reading, literary,
science or math. In the meta-analysis by Kraft and colleagues (2018) on the impact of
coaching supports for in-service teachers, the authors find smaller coaching effects on

teachers’ instructional practices and student achievement for coaching programs that

3 The research team also conducted an additional replication RCT in Fall 2019. We do not include data
from that study in this paper because of a change in the coaching protocol.
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focus on general instructional pedagogies (0.07 SD) than content-specific programs (0.20
SD). This narrow focus on coaching for content-specific practices precludes knowledge
of whether different instructional practices are affected differently by coaching for the
same individuals. Depending on the underlying theory of action, the same type of
coaching may have differential impacts on different areas of teachers’ practice, such as
on content-specific tasks and general tasks related to classroom management. Typically,
in order to improve instructional practices in specific content areas such as reading or
literacy, the literature suggests that teachers as well as coaches need deep subject or
content area knowledge in addition to general teaching methods to benefit most from
coach feedback (Vogt & Rogalla, 2009). In contrast, coach feedback focused on general
pedagogical practice does not focus as much on subject area, but on teacher candidates’
knowledge of general classroom instruction and management.

Timing of study. We then look at differences in coaching effects across two
consecutive cohorts of pre-service teachers at the same university site. Although there are
a few empirical studies on the effectiveness of coaching across multiple cohorts (see
Blazar & Kraft, 2015; Killion, 2016), the focus of these evaluations has largely been to
assess the impact of changes in the coaching model used across cohorts rather than to
assess the robustness of the same coaching model on different samples of participants. To
build the empirical evidence base, it is important to systematically investigate whether
coaching supports in the context of simulated practice opportunities consistently
improves instructional skills among participants who are similar in all aspects other than

the timing of the study.
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Training context. One of the central issues for teacher education is how to foster
learning in the context of practice (Helgevold, Neesheim-Bjgrkvik & @strem , 2015) and
Darling-Hammond et al. (2005) argue that clinical experiences should be carefully
mentored. For coaching to be effective during pre-service teacher education, the literature
suggests that coaching (as well as practice opportunities more broadly) should be
accompanied by instruction that focuses on evidence-based practices, as well as the
opportunity to concurrently implement these supports either in a practicum or student
teaching setting (ElImore, 2006; Scheeler, Bruno, Grubb & Seavey, 2009). That is,
approximations of practice, such as simulations, should not be stand-alone experiences.
In their meta-analysis, Kraft et al. (2018) find that in-service coaching paired with some
additional training (either in the form of group training workshops or coursework in the
pre-service context) is associated with a stronger coaching effect (0.31 SD larger for
instructional practices and 0.12 SD larger for student achievement). Because a majority
of coaching programs are usually accompanied by some form of training (Kraft et al.,
2018), it is difficult to understand the efficacy of the same coaching program in the
absence of additional training supports.

Mode of delivery of simulated sessions. Finally, we compare coaching effects
across in-person and virtual simulated sessions to understand whether coaching is more
or less effective when delivered virtually. Virtual or online coaching programs could
provide a more resource-effective way of providing both in-service and pre-service
teachers with feedback to improve their skills (see Israel, Knowlton, Griswold &
Rowland, 2009; Rock et al., 2013; Stapleton, Tschida & Cuthrell, 2017) since it allows

for a fewer number of coaches to provide feedback to a larger number of teachers without
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geographical constraints. To be successful, Israel and colleagues (2009) suggest that
virtual or online coaching must mimic face-to-face coaching in that it must be immediate
and tied to a real educational context (Rock et al., 2013). In the Kraft et al. (2018) meta-
analysis, the authors examine coaching effects from 47 coaching programs that provide
teachers with face-to-face coaching and 13 programs that use virtual or online coaching.
They do not find statistically significant differences in effect sizes between the two
modes of delivery, but acknowledge that they are likely underpowered to detect
meaningful differences.

Through a series of experimental studies in this paper, our goal is to build
evidenced-based theory on how teacher preparation programs and teacher educators can
use simulated practice and directive coaching to improve pre-service teacher candidates’
instructional skills. We begin by examining the impact of providing participants with
simulated practice sessions and directive coaching across five RCTs that were designed
to be prospective replication studies. We then extend our findings to assess whether
coaching effects are persistent across different sources of variation including different
teaching tasks, different timing of the study, different contexts for the practice sessions
and different modes of delivery.

Research Methods

To examine the efficacy and robustness of coaching supports during the teacher
preparation phase, we use data from five! individual randomized control trials (RCTs) to
construct systematic conceptual replication studies. All five studies were implemented in
the context of a single university-based teacher preparation program, and focused on

evaluating the impact of providing pre-service teachers with targeted coaching supports
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to improve their pedagogical practice in a simulated classroom setting. As outlined in
Figure 5, the five! RCTs were conducted during the fall and spring semesters across three
academic years (2017-2018 to 2019-2020). In this section, we provide an overview of the
samples and settings, experimental design as well as an overview of measures for the
experimental studies included in this paper. We also outline the treatment (coaching) and
control contrast and provide an overview of how we constructed replication studies using
data from the individual experimental studies. Finally, we lay out our analytic plan for
assessing the efficacy and robustness of directive coaching supports on pre-service
teacher candidates’ instructional skills.
Samples and Settings

All five experimental studies were conducted at a large, selective, public
university in southeast United States. Participants in four of the five experimental studies
(studies 1, 2, 3 and 5) were enrolled in the university’s teacher preparation program that
prepares approximately 100 new teachers each year. Participants in the remaining study
(Study 4) were enrolled in the same university, but were not in the teacher preparation
program. They were recruited through an undergraduate course for students interested in
exploring teaching as a profession. Across the different studies, the teacher candidate
samples were largely White (81%), female (88%) and middle class (61%). The
undergraduate sample was less White (56%), almost equally female and male (50%) and
predominantly middle class (57%). Approximately 43% of the undergraduate sample
reported an interest in teaching as a possible profession and about 63% reported some
prior experience with children (either as a babysitter, coach, mentor or camp counselor).

Mean characteristics of participants in each of the five studies are presented in Table 5.
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Experimental Design and Data Collection Procedures for Individual Studies

Figure 6 summarizes the experimental design and study protocol for each of the
five studies. For studies 1, 2, 3, and 5, pre-service teacher candidates engaged in a series
of simulation sessions. The simulations were designed to be parallel in that at different
points during each study, participants were exposed to different simulated student avatar
responses (within each teaching task) while keeping the number and type of responses
standardized across sessions. As an example, participants who practiced the classroom
norms task were exposed to different “off-task™ behaviors in each simulation session, but
the number, type and severity of the behaviors were kept consistent across sessions.

For each study, candidates completed a baseline simulation session (Time 1)
during which the research team collected covariate information about their baseline
characteristics and pretest measures of the outcomes. Candidates were then randomly
assigned within their course sections to one of two intervention conditions: coaching or
self-reflection between simulation sessions. Although coaches and simulation specialists
were not randomly assigned, they were scheduled in a manner that ensured sufficient
variation across course sections, days and timings of sessions, allowing the research team
to control for potential coach and interactor effects.

Approximately two months after their baseline sessions, participants completed a
second simulation session (at Time 2) where their teaching outcomes were observed and
recorded. Immediately after the simulation session at Time 2, participants randomly
assigned to the coaching condition received five minutes of face-to-face coaching with an
expert coach, while participants assigned to the self-reflection condition completed a

series of reflection prompts designed by the research team without any support from a
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coach. After the five-minute coaching or self-reflection block, participants completed a
third parallel simulation session without any support. Candidates’ performance during the
simulator sessions were observed and recorded at all three time points.

The protocol for Study 4 deviated slightly from the other four studies. This study
did not take place in context of a teacher preparation program but in an undergraduate
class for students interested in exploring the teaching profession. In this study,
participants completed simulation sessions at times 2 and 3, but they did not complete a
baseline simulation session. Covariate information about these participants’ baseline
characteristics were collected as soon as participants consented to participate in the study,
using the same surveys that were administered to teacher candidates (to allow for
consistency in measures). After collecting this information, undergraduate participants
were randomized within their course sections to self-reflection or coaching prior to their
first simulation session at Time 2.
Treatment Contrast

As part of their simulator sessions, teacher candidates were randomly assigned to
either complete self-reflection on their performance in the simulator, or to receive
targeted, individualized, directive from an expert coach. A team of trained expert coaches
observed a participant’s performance in the simulator and provided them with five
minutes of feedback regarding their performance. Each coaching conversation followed a
similar coaching structure: coaches would first gauge participants’ understanding of their
own performance, identify elements of effective instruction using a skill progression
designed by the research team for each scenario, highlight a specific skill in need for

improvement, and finally reinforce the link between the skill and specific instructional
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strategies using a teacher-coach role play (Desimone & Pak, 2016). Each participant then
had another opportunity to practice their skills in the simulator immediately following
their conversation with the coach.

Coaching condition. Across all studies, coaches observed participants’
performance in the simulator at Time 2 and Time 3. After the simulated session at Time
2, the coach provided participants who were randomly assigned to the coaching condition
with five minutes of targeted, directive feedback about their performance. All coaches
were doctoral students in education who had trained intensively with the research team to
ensure that the structure of the coaching conversation was consistent across all
participants. First, the coaches gauged participants’ understanding of their performance
and then they identified and affirmed positive elements of the participant’s practice; third,
they supported the participant in developing a specific, targeted skill (identified using a
skill progression for each pedagogical task designed by the research team) and finished
by role-playing with the participant, thereby allowing them to practice and rehearse the
skill before they completed the simulated session at Time 3.

Self-reflection (business-as-usual) condition. Participants who were assigned to
self-reflection were asked to reflect on their performance in the simulator using a self-
reflection protocol designed by the research team. After participants completed the
simulated session at Time 2, they completed the self-reflection protocol before they
practiced their skills in the simulator once more at Time 3. The self-reflection protocol
was designed using literature on teacher self-reflection (Yost, 2006) and included three
questions: “What are some things you think went well in terms of redirecting student

behavior?” “What are some things you think could have gone differently in terms of
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redirecting student behavior?”” and “What are you going to work on in the next 5-min
session to improve your redirections of student behavior?”’
Measures

We used a multi-method approach to data collection across the five RCTs, which
allows a more valid and reliable assessment of constructs that we are interested in. We
chose the following measures because of their strong reliability and validity evidence for
use with pre-service teachers (as summarized in Table 6), their ease of use and training,
and their demonstrated sensitivity to the coaching intervention (see Cohen et al., 2020).

Candidate characteristics. Demographic and baseline information about teacher
candidates in studies 1, 2 3 and 5 were collected from the teacher preparation program’s
longitudinal data system. To keep the measures identical across studies, participants in
the undergraduate teaching as a profession course as part of Study 4 were administered
the same surveys at the beginning of the study period. Surveys included baseline
information about participants’ undergraduate major and high school GPA, parental
education and characteristics of the high school attended (average achievement level,
average SES level and urbanicity of school). Participants also completed measures of
personality including the NEO Five Factor Inventory (McCrae & Costa, 2004), Teacher
Sense of Self-Efficacy (Tschannen-Moran & Hoy, 2001) and multi-cultural attitudes
(Munroe & Pearson, 2006). A descriptive summary of measures and their psychometric
properties is provided in Table 6.

Baseline simulation performance information. At the start of each study period,
teacher candidates (in studies 1, 2, 3 and 5) completed pre-intervention simulation

sessions. These sessions occurred at Time 1 in Figure 6 and data from these sessions are
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used as pretest measures of teacher candidate performance in the simulator described
below. As mentioned earlier, undergraduate participants in Study 4 did not complete
baseline simulation sessions.

Teacher candidate performance outcomes. Our outcome of interest is derived
from observational rubrics of teacher candidates’ simulator performance. The research
team designed an observation protocol to examine the impact of coaching on participants’
instructional and pedagogical skills based on the Responsive Classroom (2014)
framework. A team of trained and certified raters who were blind to participants’
randomized intervention condition and which simulation session they were coding,
scored videos of candidates’ simulated sessions from the three time points. Reliability
using Krippendorff’s alpha was calculated for a subset of double-coded videos and
ranged from 0.75 to 0.88 across the different studies (Krippendorf, 1970). Coder drift was
addressed using weekly calibration checks and agreement reports run by the research
team, and scores from double-coded videos were averaged to form aggregate measures of
performance. Although coders scored videos for a variety of different outcomes across
the two simulation tasks, we use a measure of overall quality of performance as our
primary outcome of interest in this paper. For the overall quality score, coders assigned
each simulation a score (ranging from 1 to 10) that reflected the extent to which teacher
candidates met the goals of the simulated scenario (either provided high-quality feedback
or effectively redirected off-task behaviors).

Causal Replication Framework and Research Designs
To assess the contexts and conditions under which providing pre-service teacher

candidates with targeted coaching supports improved their instructional performance
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during the simulated teaching sessions, we use the Causal Replication Framework (CRF)
introduced by Wong and Steiner (2018) to derive replication designs with the five
individual experimental studies. The CRF allows researchers to identify boundary
conditions for replicability of effects across units, treatments, outcomes and settings
(UTOS) for the purpose of generalizing scientific findings (Nosek & Errington, 2020)
and describes five assumptions required for treatment effects to directly replicate
presented in Appendix Table 1- they require that all studies have the same treatment-
control contrast, measure the same outcomes, and have similar distributions of unit and
setting characteristics that may moderate effects; individual study assumptions require
that effect estimates for each study are unbiased and correctly reported. By systematically
varying study features including contexts, settings and participant characteristics in this
paper, we are able to identify the source of coaching effect variation which is essential to
understanding the best ways that directive coaching supports and simulated practice
opportunities can be used to improve candidates’ instructional skills during the
preparation phase.

Using the CRF, we employed three types of replication designs (using the five
individual RCT studies) that included a switching replication design, a multiple cohort
design, and a “matched” conceptual replication design, which varied the target population
and setting under which the coaching intervention was introduced (Wong, Steiner &
Anglin, 2020). Each of the study designs and corresponding RCTs are described in detail
below, and a summary of replication assumptions systematically tested by each research

design is provided in Appendix Table 2.
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Switching replication design. To examine the robustness of effects across
different pedagogical tasks, we used a switching replication design (with data from Study
2 and Study 3) where teacher candidates were randomly assigned in the fall semester
(Study 2) to receive either coaching or engage in self-reflection related to facilitating a
text-based discussion in the simulated classroom environment. In the spring semester
(Study 3), the same group of candidates practiced setting classroom norms and
redirecting off-task behaviors in the simulator. Between the fall and spring semesters,
candidates’ coaching condition was “switched” relative to what they received in the fall
semester. In practice, teacher candidates who received coaching in the fall engaged in
self-reflection in the spring and vice versa. As summarized in Appendix Table 2, shared
participants across studies 2 and 3 ensure the same distribution of teacher candidates, and
study procedures including random assignment, sensitivity tests in the estimation
models, and independent reporting of results ensure that each study result was reported
without bias. Finally, the research team empirically assessed the extent to which outcome
measures and intervention conditions were stable across studies.

By comparing coaching effects across studies 2 and 3, we assess the robustness of
the impact of coaching across a subset of pedagogical tasks. Specifically, we examine
coaching effect variation across the two different teaching tasks- 1) providing high-
quality feedback in a text-based discussion and 2) redirecting off-task student behavior
during a norm-setting exercise. Since assumptions related to units, treatments and
outcomes were met across the two studies included in the switching replication design,
we hypothesize that any differences in coaching effects from the two studies can be

attributed to the difference in the pedagogical task being practiced in the simulator. If our
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results suggest coaching effects are robust across the two tasks, we have evidence that
coaching programs improve participants’ teaching skills across at least some subset of
pedagogical tasks in the context of simulated practice.

Multiple-cohort design. To examine the robustness of effects across time (and
small insignificant changes in teacher candidate composition), we examined coaching
effects across two cohorts of teacher candidates (Study 1 versus Study 3). Multiple cohort
studies are useful in examining the effectiveness of treatments across different cohorts
and samples of participants, where the treatment protocol is delivered consistently for all
cohorts. By comparing coaching effects across multiple cohorts of participants at the
same institution, we can assess whether the same coaching intervention is more or less
equally effective over time. Here, we compare coaching effects for a cohort of teacher
candidates in Study 1 with coaching effects for a second cohort of teacher candidates in
Study 3 who completed simulated sessions a year later. In both studies, teacher
candidates practiced setting classroom norms and redirecting off-task behaviors displayed
by the student avatars, and received face-to-face coaching from trained coaches who
followed the same coaching protocol.

Across both studies, cohorts of participants were enrolled in the same preparation
program, received the same training, participated in standardized simulated sessions that
were designed to be parallel to each other in structure and format (meaning that teacher
candidates had the same number of opportunities to respond to student avatars across the
two studies), focused on the same pedagogical task (setting classroom norms) and
received face-to-face coaching from an expert coach who followed identical coaching

protocols designed by the research team. If our results suggest coaching effects are robust
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across cohorts, then we hypothesize that targeted, directive coaching may consistently
improve participants’ teaching skills across time when samples are similar on observable
characteristics.

Matched Conceptual Replication Designs. We then used a matched replication
design to assess the robustness of coaching effects with a different training context
(Study 3 versus Study 4), as well as across different modes of delivery of the simulation
session (Study 3 versus Study 5). The goal for these studies was to systematically vary
study characteristics (including units and settings) under investigation while “matching”
other study factors that were not under investigation (Wong & Steiner, 2018). For
example, when comparing coaching effects across different training contexts, participants
in Study 4 were not teacher candidates enrolled in the teacher preparation program (as in
the case of Study 3), but undergraduates enrolled in an introductory teaching course
exploring teaching as a profession. However, the participants in Study 4 engaged in the
same simulation scenarios, received the same coaching protocol, and were administered
the same outcomes as participants in Study 3. In studies 3 and 5, two cohorts of teacher
candidates practiced the classroom norms scenario, but the second cohort of candidates
completed simulation sessions via zoom and not in-person (as with Study 3). Across both
sets of comparisons, the study team assessed “balance” in covariate characteristics across
studies to examine the extent to which other replication and individual study assumptions
were met (or violated). These are summarized in tables 5, 7, 8 and Appendix Table 2.

Robustness of coaching effects across different training contexts. We assess the
robustness of coaching effects across training contexts by comparing coaching effects for

a sample of pre-service teacher candidates enrolled in the teacher preparation program
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with coaching effects (Study 3) for a sample of undergraduate students enrolled in an
introduction to teaching course at the same school of education (Study 4). For the sample
of teacher candidates, the simulated sessions were designed to complement material
covered during general methods courses in which they were concurrently enrolled.
Teacher candidates were therefore familiar with the content and pedagogical knowledge
underlying the simulator scenarios. In contrast, the introduction to teaching course was
designed to provide undergraduate students with a sense of teaching as a profession, but
did not cover any specific teaching practices in detail. Because both samples of
participants completed standardized simulated sessions that were designed to be parallel
to each other in structure and format, focused on the same pedagogical task (setting
classroom norms), completed sessions in-person and received the same coaching
protocol, we hypothesize that any observed differences in coaching effects can be
attributed to differences in sample characteristics (for example, demographic
characteristics of the participants themselves), setting characteristics (such as the prior
training each set of participants received on setting classroom norms) or a combination
thereof.

To disentangle the influence of sample characteristics from training context on
coaching effects, we used propensity scores to “reweight” our sample of undergraduate
students such that they are more similar on observable characteristics to our sample of
teacher candidates. A summary of the weighting procedures in given in Appendix A. The
difference in coaching effects between the resulting weighted samples allows us to better
isolate and identify whether coaching effects are robust across different training contexts,

as long as participants who receive coaching are similar on observable characteristics.
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Robustness of coaching effects across different settings. Next, we compare
coaching effects across two studies (and two cohorts of pre-service teacher candidates)
where one sample of pre-service teachers completed simulation sessions in person (Study
3) and received face-to-face coaching and the other sample of pre-service teachers
completed simulation sessions over a virtual platform and received virtual coaching in
real-time (Study 5). Both samples of pre-service teachers were enrolled in the same
methods courses, practiced the same pedagogical task in the simulator, completed parallel
simulated sessions (in that they responded to the same number and similar prompts from
the simulated students), received comparable coaching from trained expert coaches and
were similar on observable characteristics. Here, we hypothesize that any differences in
coaching effects observed between the two samples are likely due to whether participants
completed simulated sessions in-person or online.

Analysis

To examine the efficacy of directive coaching supports in pre-service teacher
education and the robustness of coaching effects across different sources of variation, our
analysis consisted of four steps. First, we conducted diagnostic checks of our research
design assumptions for each experimental study as well as the replication assumptions
laid out in the CRF (Wong & Steiner, 2018) to identify specific sources of variation
across the replication studies. Next, we estimated the average treatment effect (ATE) of
coaching on participants’ performance in the simulator for each of the individual studies,
which allows us to provide causal evidence on whether directive coaching improves
participants’ instructional performance in the simulator. We also estimated the pooled

coaching effect across the five studies using meta-analytic methods and assessed whether
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we had evidence of coaching effect heterogeneity across the five studies using the 12-
statistic and Q-test (Higgins, 2003). Finally, we compared coaching effects across
different pairs of studies using distance-based correspondence measures (including
magnitude of effects, direction of effects and statistical significance patterns) to identify
patterns of robustness.

Baseline equivalence across studies. We began by examining baseline
equivalence (data from Time 1 for our teacher candidate samples and Time 2 for the
undergraduate sample) across treatment groups in each of the replication studies.
Specifically, we examined differences in participant and setting characteristics across
sites and looked at patterns of attrition, missing data and treatment non-compliance.
These checks included factors that we systematically varied across studies in order to
uncover sources of variation (which we refer to as systematic variation factors) and
factors that we kept constant across studies (which we refer to systematic replication
factors). Tables 5, 7 and 8 present the results of our balance checks. Appendix Table 2
summarizes the replication and individual study assumptions across the three research
designs used in this paper.

Impact of coaching on participants’ instructional practices. After examining
baseline equivalence of systematic variation factors and systematic replication factors, we
estimated the effect of coaching on participants’ instructional practices at Time 3 for each
study. Specifically, we estimated the average treatment effect (ATE) using the following

model:

Vije=3) = Bo + PrCoachingijc=s) + (Xi;)B + a; + € 0
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In Equation 7, Yiji=3) represents the overall quality score for participant i in course
section j at Time=3 and is a function of participant i’s treatment status (where
Coaching=1 if assigned to receive coaching and Coaching=0 if assigned to participate in
self-reflection), and individual characteristics (Xij) measured at baseline. The model also
controls for course section fixed effects («j). The coefficient S1 represents the average
treatment effect (ATE) of coaching for each study. Results from Equation 7 are presented
in Table 9. Table 9a includes treatment effects for the propensity weighted samples.

Meta-analytic coaching effect across studies. Next, we estimated the cross-site
pooled effect using meta-analytic methods that account for the clustered nature of the
data and produced precision weighted estimates (Hedges, Tipton & Johnson, 2010). We
used a fixed effects meta-analytic model where effect sizes represent the average
treatment effect (ATE) of coaching on participants’ instructional practices using the
following model:

Yijsce=3y = BrCoaching;js=zy + (Xijs)B + as + A; + € (8)

In Equation 8, Yijsit=3) represents the overall quality score for participant i in
section j and study s at Time=3. Yijsit=3) is a function of participant i’s treatment status
(where Coaching=1 if assigned to receive coaching and Coaching=0 if assigned to
participate in self-reflection), and individual characteristics (Xij) measured at baseline
(including participants’ gender, race, high school GPA). The model also controls for

study fixed effects (as), course section fixed effects (4;) and controls for coach and

interactor, as well as baseline performance outcome measures. The coefficient 1
represents the cross-study pooled effect of coaching and is reported in Table 9. Table 9a

reports the cross-study pooled effect of coaching with the propensity weights for Study 4.
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Assessing robustness of coaching effects. We then extended our meta-analyses
by comparing coaching effects across different pairs of studies to understand whether
coaching effects are robust across pedagogical task, cohort of teacher candidates, sample
and context characteristics and mode of delivery. To assess the replicability and
robustness of coaching effects across the systematic sources of variation, we employed
distance-based correspondence measures (LaLonde, 1986; Steiner & Wong, 2018).
Correspondence measures have traditionally been used to evaluate within-study
comparisons (comparing effect estimates from an observational study with those from an
RCT benchmark) but can also be used to compare the direction, magnitude and statistical
significance patterns of treatment effects across studies. If the difference in treatment
effects between two studies is small enough, then we can claim equivalence in the impact
of the treatment across the studies. Combining distance-based correspondence measures
with conceptual replication study designs allowed us to identify potential sources of
treatment effect variation in order to generalize effects for different populations, contexts
and settings (Wong et al., 2020). A summary of the correspondence-based measures for
each set of comparisons across studies is presented in Table 10.

Results
Baseline Equivalence Across Studies

Tables 5, 7 and 8 reports results of our replication assumptions checks across the
five studies. Examining differences in balance across the studies is important to
determine all potential sources of coaching effect heterogeneity. If there are significant
differences across the studies even before coaching was delivered, these differences could

explain potential lack of robustness in coaching effects observed across studies. In
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contrast, if there are no significant differences in the studies (other than factors we
intentionally vary), we are able to attribute any failure in robustness of coaching effects
to specific sources of variation that were systematically altered across studies.

Systematic variation factors. We first examine participant characteristics
including GPA, parental education, demographic characteristics (gender, age and race)
and high school characteristics (including location, majority race of peers and average
achievement level of peers). Table 5 shows that teacher candidate characteristics in
studies 1, 2, 3 and 5 are balanced on most covariates, including GPA, parental education,
demographic characteristics (including gender, age and race) and high school
characteristics. However, undergraduate students in the conceptual replication study
(Study 4) differ from the samples of teacher candidates in important ways. First, the
teacher candidate samples are significantly more female and older than the undergraduate
sample. This is understandable, given that the teacher candidate pool draws from both
undergraduate and graduate students who are training to become teachers. Participants in
the undergraduate sample also attended high schools with different characteristics than
teacher candidates. On average, the high schools that the undergraduate sample attended
were more urban, composed of students with higher SES levels and were surrounded by a
higher proportion peers who were high achieving. These differences are significant, and
they highlight that unit characteristics differ in important ways between the teacher
candidate sample and the undergraduate sample.

Appendix Table 3 displays standardized raw differences between the teacher
candidate sample in Study 3 and the undergraduate sample in Study 4 prior to and after

propensity weighting. Across the covariates, standardized differences in just four (% age
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above 21, % of participants who attended an urban high school), overall self-efficacy
beliefs and average culturally responsive teaching self-efficacy beliefs fall within the
acceptable magnitude of 0.10. All raw standardized differences for the remaining
covariates are 0.10 or greater. Using propensity score weighting, all standardized
differences of covariates in Appendix Table 3 are less than 0.03 and there acceptable by
convention.

We also assess the extent to which the context of the simulation sessions differed
across the different studies. Specifically, we are interested in differences in the teaching
task that participants completed in the scenario, as well as the training context for these
sessions (Table 7). Participants in studies 1, 3, 4 and 5 practiced setting classroom norms
and redirecting off-task student avatar behavior in the simulator. Participants in Study 2
practiced providing high quality feedback during a text-based discussion in the simulator.
Although the structure of the coaching intervention was consistent across the studies, the
focus of the conversation differed based on the teaching task that participants practiced in
the simulator.

Another important source of variation is the training context for participants in
each of the studies. Participants in studies 1, 2, 3 and 5 were teacher candidates enrolled
in the university’s teacher preparation program. For these teacher candidates, simulation
sessions were integrated into a sequence of methods courses that concurrently discussed
practices aligned with the simulator teacher task. In contrast, the undergraduate students
in Study 4 were enrolled in a class offered by the school of education structured as an
introduction to teaching as a profession. The teaching as a profession course did not

cover the management practices targeted in the simulated teaching task, but provided a
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more general overview of classroom teaching and historical and cultural aspects of the
teaching profession.

Additionally, we are interested in measuring variation across studies in the mode
of delivery of simulated sessions. Participants in studies 1, 2, 3 and 4 completed
simulated sessions in person in a dedicated simulator lab, whereas participants in Study
5 completed sessions online, over zoom. In-person sessions meant that participants
received direct, face-to-face coaching, whereas in practice, online sessions involved
coaches providing participants with feedback virtually. Although the coaching protocol
remained consistent across the two studies, it is possible that delivery of coaching
differed slightly based on the platform used for the simulator sessions.

Systematic replication factors. In addition to assessing balance across the
systematic variation factors (which we intentionally varied across studies), we also assess
equivalence across factors that we kept constant across the different studies, which we
refer to as systematic replication factors. These results are presented in Table 8. First, we
examine the extent to which our outcome of interest (overall quality score) remained
stable across the studies. Table 8 reports the pre-coaching mean and standard deviation
for the overall quality score for each of the four studies. Although the mean pre-test score
for undergraduate participants in the conceptual replication is lower than the mean pre-
test score for teacher candidates in other studies, these differences are not statistically
significant. We also expect to see lower performance scores for the undergraduate sample
in Study 4 since they do not have the pedagogical and content training that teacher

candidates in the other study samples receive as part of their preparation experience.
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Next, we assess whether the coaching intervention was implemented with fidelity
across the different studies. To do so, we employ natural language processing techniques
to produce a quantitative summary of coaching implementation (see Anglin & Wong,
2020). Table 8 shows that across the five replication studies, adherence to the coaching
protocol was relative stable.

Impact of Coaching on Participants’ Instructional Practices

Table 9 presents effect size estimates of the impact of coaching on participants’
instructional practices for each of the studies. Columns 1-5 provide estimates for each of
the experimental replication studies. Table 9a provides estimates for the propensity
weighted undergraduate sample in Study 4. Effect size estimates for the overall quality
score range from 0.63 SD (for Study 4) to 1.75 SD (for Study 1). From tables 9 and 9a, it
appears that there is some heterogeneity in coaching effects across the studies,
particularly when we compare studies 1 and 4 both prior to and after propensity
weighting (samples of pre-service teacher candidates and undergraduate students
respectively).

Meta-analytic Coaching Effect across Studies

A meta-analytic approach pools treatment effects across different studies and
presents an overall average treatment effect. We present the meta-analytic coaching effect
using a fixed effects model in column 6 of Table 9. In addition to these estimates, forest
plots of effect sizes on participants’ instructional performance provide visual evidence for
our pooled estimates (Figure 7). For each study, a square shows its place on the scale and
the confidence interval is represented by the line on either side of the square. Effect sizes

for individual studies range from 0.41 SD (for Study 4) to 1.73 SD (for Study 1). Prior to
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applying propensity weights to reweight the undergraduate sample in Study 4, the pooled
meta-analytic effect across the five replication studies is 1.49 SD*. Once we apply
propensity weights, the meta-analytic effect across the five replication studies is 1.52 SD.
Using Higgin’s et al. (2003) recommendation, we calculate the 12 statistic which
represents the percentage of variation attributable to heterogeneity. With our sample of
studies, the I? statistic of 60% suggests a moderate level of heterogeneity in effect sizes
(Higgins, 2003).
Identifying Sources of Coaching Effect Heterogeneity

Given that our meta-analytic results suggest that there is significant heterogeneity
in coaching effects across the five replication studies, we compare coaching effects
across studies to identify systematic sources of variation and the extent to which our
coaching effects are robust across these sources. Traditionally, researchers compare the
direction, magnitude and statistical significance patterns of effects across studies to assess
replication success (Wong & Steiner, 2018). While these correspondence measures are
helpful at understanding when treatment effects are/are not robust across studies, they do
not provide diagnostic information on why treatment effects are/are not robust. This
limitation is addressed by using prospective research designs where the research team is
able to control the source of variation in a highly standardized simulated setting. In this
paper, we use correspondence measures to assess when coaching effects do not replicate
across studies, and take advantage of prospective research designs to formally investigate

the sources of treatment effect heterogeneity using the causal replication framework and

4 When we include results from the additional study described in footnote 1, the pooled meta-analytic effect
across the six replication studies decreases to 1.18 SD.
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its assumptions. A summary of the correspondence measures across each of the
replication study comparisons is provided in Table 6.

Pedagogical teaching task. From Table 9 and Figure 7, it appears that providing
the same sample of teacher candidates with coaching was similarly effective across the
two pedagogical teaching tasks. When practicing setting classroom norms while
redirecting off-task behaviors in Study 3, coaching improved candidates’ performance by
1.38 SD (column 3 of Table 9). In Study 2, coaching improved teacher candidates’
overall quality score by 1.57 SD when the same sample of teacher candidates practiced
providing student avatars with high-quality feedback. As summarized in Table 10, both
estimates are comparable since they both trend in the same direction (suggesting that
coaching led to improvements in candidates’ performance) and are both statistically
significant at the 99% confidence level. Moreover, the difference between the two
coaching effects is not statistically significant (p>0.10).

Timing of study. Table 9 and Figure 7 also show that coaching effects are robust
across two different cohorts of teacher candidates enrolled in the same teacher
preparation program and methods courses. The average coaching effect for the second
cohort of teacher candidates (Study 3) suggests that providing coaching improved
candidates’ overall quality score by 1.38 standard deviations while the corresponding
effect for the first cohort of teacher candidates (Study 1) is 1.75 standard deviation units.
Using correspondence measures related to the direction, magnitude and statistical
significance patterns of coaching effects across the two studies, Table 10 shows that
providing pre-service teachers with coaching leads to similar effects when the samples of

pre-service teachers are similar on observable characteristics and receiving the same
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training. Similar to the pattern observed when comparing coaching effects across two

pedagogical teaching tasks, we find that the difference in coaching effects across two

cohorts of teacher candidates who practice the same task is not statistically significant
(p>0.10).

Unit characteristics and settings. Comparing coaching effects from studies 3
and 4 suggest that the impact of providing participants with targeted coaching on their
performance in the simulator depends on the sample and setting characteristics of the
participants. Table 9 shows that providing a sample of teacher candidates who participate
in simulated sessions while simultaneously completing methods courses that focus on
classroom management with targeted coaching improved their performance in the
simulator by 1.38 standard deviations (Study 3). In comparison, when a sample of
undergraduate students completed the same simulated sessions and were provided the
same kind of coaching (Study 4), coaching effects were much smaller in magnitude- 0.63
standard deviations (prior to reweighting samples). It is particularly noteworthy that
while the coaching effect for the teacher candidates is statistically significant at the 99%
confidence level, the coaching effect for the sample of undergraduate students was only
marginally significant. As reported in Table 10, the difference in coaching effects
between the two studies is significant (p<0.01).

Because both samples of participants completed standardized simulated sessions
that were designed to be parallel to each other in structure and format, focused on the
same pedagogical task (setting classroom norms) and received the same form of
coaching, we hypothesize that the observed differences in coaching effects can be

attributed to differences in sample characteristics, training context, or a combination of
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the two. As evident from Table 5, there are important differences in sample
characteristics between the two studies. Once we applied propensity weighting methods
to make the sample of undergraduate participants in Study 4 more similar to teacher
candidates in Study 3, we observe that there are still significant differences in coaching
effects between the two studies. Table 9a shows that after reweighting, teacher candidates
who received coaching in Study 3 performed significantly better than their peers who
received self-reflection (1.38 standard deviations). For the reweighted undergraduate
sample in Study 4, participants who received coaching did perform significantly better
than their peers who received self-reflection, but the coaching effects were much smaller
in magnitude (0.60 standard deviations). The difference in coaching effects between the
two groups remains significant after using propensity score weighting to make the two
samples more homogenous (Table 10). The stability of the difference in coaching effects
prior to and after reweighting participants in studies 3 and 4 suggests that coaching
effects are not across different training contexts, even when participants are similar on
observable characteristics

Mode of delivery. Table 9 and Figure 7 also show that coaching effects are
comparable in direction, magnitude and significance patterns for two different cohorts of
teacher candidates enrolled in the same teacher preparation program and methods courses
who participate in two different formats of simulated sessions. The average coaching
effect for the first cohort of teacher candidates (Study 3) who completed simulated
session in-person (and therefore received face-to-face coaching if they were randomly
assigned to the treatment condition) suggests that providing coaching improved

candidates’ overall quality score by 1.38 standard deviations. The corresponding
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coaching effect for the second cohort of teacher candidates (Study 5) who completed
simulated sessions online (and therefore received virtual coaching) is 1.64 standard
deviation units. The difference in coaching effects across the two studies is not
statistically significant (p>0.10), as presented in Table 10.
Discussion

The field of teacher preparation needs more evidence on the best ways to
efficiently and effectively promote teacher learning through standardized practice
opportunities and directive coaching supports. With the shift to practice-based teacher
education, preparation programs across the country are increasingly looking for feedback
supports that are scalable, targeted and improve candidates’ teaching practice (Scheeler,
McAfee, Ruhl & Lee, 2006). Used extensively with in-service teachers, coaching has
been shown to improve lesson planning and classroom organization, use of instructional
skills, teacher attitudes, feelings of self-efficacy and student achievement (Kohler, Ezell
& Paluselli, 1999; Guiney, 2001; Neufeld & Roper, 2003). Although nascent, early work
in the pre-service context suggests that coaching (in particular, directive coaching)
improves teacher candidates’ instructional practices (Cohen et al., 2020). Given the
resource intensive nature of coaching, however, teacher preparation needs more causal
evidence on the efficacy of such coaching supports, as well as on the context and
conditions under which providing teacher candidates with the opportunity to practice
their skills and receive targeted, individualized coaching is likely to be effective.

In this paper, we use prospective replication research designs and the Causal
Replication Framework to implement five experimental studies that evaluate the impact

of targeted, directive coaching on improving teaching skills in a simulated environment.
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Across four of the studies, involving multiple cohorts of teacher candidates enrolled in a
single, university-based teacher preparation program, we see significant improvements in
teacher performance as a result of receiving targeted coaching from expert coaches. This
suggests that teachers do not only have to learn in their first few years in the classroom,
but they can also benefit from practice opportunities coupled with feedback from experts.
Rather than wait until teacher candidates are in student teaching placements, structured
practice opportunities and targeted feedback that are integrated into methods coursework
can improve teaching practices and prepare teacher candidates for skills with which they
often report struggling (Grossman et al., 2009b).

In addition to proving the utility of simulated teaching opportunities in assessing
the causal effects of different kinds of interventions on candidates’ skills, this study is
also one of the first that uses simulated environments to evaluate the robustness of
coaching effects across different teaching tasks, study timings, training contexts and
modes of delivery of practice and coaching (Cohen et al.,, 2020). Since each study was
designed prospectively, the research team systematically introduced variation in each
study to examine heterogeneity in observed coaching effects. Our findings suggest that
coaching significantly improves participants’ teaching skills, and that coaching effects
replicate different pedagogical task, multiple cohorts and mode of delivery of simulated
session but not across different training contexts, even when participants are similar on
observable characteristics.

Our finding that coaching effects are not robust across different training contexts
even after reweighting samples of participants so they are more similar on observable

characteristics suggests that coaching should be accompanied by instruction that focuses
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on evidence-based practices, as well as the opportunity to implement these practices
either in a practicum or student teaching setting (EImore, 2006; Scheeler et al., 2006).
That is, practice opportunities should not be stand-alone experiences. This implication is
in line with previous studies that highlight the importance of some grounding practice
opportunities and coaching with instruction and training (EImore, 2006; Kraft et al.,
2018; Scheeler et al., 2009).

In our studies, teacher candidates who completed simulated sessions were
concurrently enrolled in methods coursework focusing on the same content area as the
simulator task- i.e., when teacher candidates practiced setting classroom norms in the
simulator, they were enrolled in methods courses focusing on classroom management,
and when they practiced providing student avatars with high-quality feedback, they were
developing the requisite content knowledge skills in their courses. Conversely,
participants in the undergraduate sample were enrolled in an introduction to teaching
course that was meant to provide students with an overview of teaching as a profession
rather than focus on specific content or pedagogical skills. Smaller coaching effects for
the undergraduate sample may also be explained by their lack of prior knowledge related
to setting classroom norms or managing a classroom. It may be that schema or prior
knowledge about the content can support learning from coaching.

An important next step in this work will be to examine whether the pattern of
robustness in coaching effects extends to other sites and university contexts, as well as to
the more distal outcomes of teaching real children in real classrooms. It is clear from the
findings in this paper that coaching can be used to prepare teacher candidates enhance

candidates’ skills across different classroom scenarios, cohorts, and modes of coaching.
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This suggests potential value in integrating coaching more consistently across PBTE
coursework. At present, we are in the middle of partnering with other university-based
teacher preparation programs to examine the robustness of coaching effects across
different populations of candidates, working in diverse geographic locations and
classroom settings. Extending the evidence base about the degree to which targeted,
directive coaching can improve teaching practices across research sites, samples, and

teaching contexts is a critical area for ongoing and future work.
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Figure 5

Continuous, Planned Interventions Across Three Academic Years

2017-2018 2018-2019  2019-2020
Fall Sprirg Fall Sprirg Fall Sprirg

|
Pilot |Study 1 |[Study 2 [Study 3 |Study 4 [Study 5

103



Figure 6

Experimental Design and Study Protocol
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Figure 7

Forest Plot of Meta-Analytic Coaching Effects (Unweighted Samples)

Fixed-effects meta-analysis

Study Effect Size
Study 1 (Spring 2018) —8— 173
Study 2 (Fall 2018) —i— 1.40
Study 3 (Spring 2019) —— 1.30
Study 4 (Fall 2019 TAP) —il— 0.32
Study 5 (Spring 2020) —— 172
Overall <o 1.31

Heterogeneity: 12 = 85.19%, H? = 6.75
Test of 8, = 6;: Q(4) = 27.00, p = 0.00
Testof 6=0:z=13.37,p =0.00
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Table 5

Descriptive Statistics Across Replication Studies

Study 5
Study 1 Study 2 Study 3 Study 4 (Spring
(Spring 2018) (Fall 2018)  (Spring 2019)  (Fall 2019 TAP) 2020)
Regression-adjusted Mean
GPA 3.49 3.54 3.48 3.50 3.57
% Either parent a teacher 0.31 0.44 0.42 0.27 0.44
% Mother education- college or
above 0.85 0.98 0.98 0.84 0.84
% Father education- college or
above 0.73 0.84 0.85 0.85 0.76
% Female 0.79 0.75 0.73 0.50 0.72
% Over the age of 21 0.47 0.45 0.50 0.36 0.43
% White 0.80 0.85 0.86 0.60 0.73
Location of high school attended
% Rural 0.18 0.19 0.21 0.13 0.06
% Suburban 0.59 0.51 0.65 0.69 0.20
% Urban 0.22 0.28 0.14 0.18 0.67
Average SES of high school
attended
% Low SES 0.10 0.08 0.08 0.04 0.05
% Middle SES 0.51 0.70 0.70 0.62 0.12
% High SES 0.34 0.22 0.23 0.33 0.54
Majority race of high school
attended
% Primarily students of color 0.08 0.10 0.08 0.08 0.07
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% Mixed 0.50 0.55 0.53 0.39 0.23

% Primarily white students 0.35 0.36 0.41 0.52 0.23
Average achievement level of high
school attended

% Primarily low achieving 0.11 0.07 0.07 0.04 0.08
% Primarily middle achieving 0.42 0.57 0.54 0.42 0.42
% Primarily high achieving 0.47 0.36 0.39 0.54 0.50

Notes: Demographic information comes from data collected by the teacher preparation program or administered as surveys to study participants. Each
row represents results from a separate regression with the same right-hand specification but different covariate as the dependent variable. Models
include controls for randomization blocks.
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Table 6

Descriptive Statistics for Measures (Including Reliability Alphas)

Undergraduate participant

Teacher candidate sample sample
Range of
reliability Reliability
Range Mean alphas Mean alphas
Neo Five-Factor Inventory
Neuroticism 1-5 2.75 0.85-0.89 2.64 0.82
Extraversion 1-5 3.57 0.85-0.92 3.35 0.82
Openness 1-5 3.44 0.75-0.88 3.07 0.75
Agreeableness 1-5 3.85 0.73-0.92 3.06 0.79
Conscientiousness 1-5 3.86 0.85-0.95 3.59 0.84
Overall Self-Efficacy 1-9 6.43 0.97 - 0.98 6.24 0.94
Multicultural Attitudes Survey 1-5 4.13 0.88-0.90 3.31 0.85
Culturally Responsive Teaching Self-Efficacy 0-100 67.41 0.97 - 0.98 66.85 0.95
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Table 7

Systematic Variation Factors Across Studies

Study 1 Study 2  Study 3 Study 4 Study 5
(1) (2) 3) (4) ()
Level of
pedagogical
knowledge Average Average  Average Average Average
Observable
characteristics Similar Similar Similar Different Similar
Pedagogical Setting  Providing  Setting Setting Setting
Task Norms Feedback  Norms Norms Norms
Teaching
Training Methods  Methods  Methods asa Methods
Context Course Course Course  Profession  Course
Mode of
Delivery In-person  In-person In-person  In-person Virtual
Spring Spring Spring
R.3. Timing 2018 Fall 2018 2019 Fall 2019 2020
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Table 8

Systematic Replication Factors Across Studies

Study 1 Study 2 Study 3 Study 4 Study 5
1) ) ®) (4) (©)
Replication Study Assumptions
Outcome Stability 3.64 3.94 3.46 - 2.82
(Pretest mean & SD) (1.22) (1.30) (1.33) (0.86)
Coaching (Treatment) Fidelity 0.28 0.44 0.33 0.27 -
Individual Study Assumptions
Research Design Used RCT RCT RCT RCT RCT
Estimation Strategy Used Robustness Robustness Robustness Robustness Robustness
checks checks checks checks checks
Independent Reproducibility NA NA Yes NA NA

Notes: The diagnostics presented here examine the extent to which replication and individual study assumptions under the Causal Replication
Framework were met. To assess “outcome stability” across studies, the research team examined the means, standard deviation and measurement
properties of the quality performance outcome across studies. “Coaching stability” was assessed using the semantic similarity approach described in
Anglin and Wong (2020); a higher score indicates higher similarity to a benchmark scripted treatment protocol. To examine the validity of the RCT, the
research team examined baseline equivalence on an array of baseline characteristics for each study. To assess the sensitivity of effect estimates to
different model specifications, the research team reports the robustness of results with different control covariates included in the models. All effect
estimates were reproduced by an independent analyst with access to the original data and syntax files but was blinded to original study results.
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Table 9

Average Treatment Effect by Study and Pooled Meta-Analytic ATE

Meta-
Studyl Study2 Study3 Study4  Study5 analytic
Mean Mean Mean Mean Mean Mean
1) ) ®) (4) ) (6)

Overall
Quality Score 1.75** 1.57** 1.38** 0.63+ 1.64** 1.49**

Notes: Adjusted coaching effects are reported in each column. Coefficients and standard errors in columns
(1) through (5) represent standardized mean adjusted differences between control and coaching conditions
taken from regressions of the outcome on coaching assignment for each study. Column (6) represents the
overall meta-analytic coaching effect. Models include controls for randomization blocks, participants’
gender, race, high school GPA, baseline score and interactor and coach fixed-effects.

Table 9a

Average Treatment Effect by Study and Pooled Meta-Analytic ATE for Weighted Study 4
Sample

Meta-
Study 1 Study?2 Study3 Study4* Study5 analytic
Mean Mean Mean Mean Mean Mean
1) (2 3) (4) (%) (6)

Overall
Quality Score 1.75** 1.57** 1.38** 0.60+ 1.64** 1.52**

Notes: Adjusted coaching effects are reported in each column. Coefficients and standard errors in columns
(1) through (5) represent standardized mean adjusted differences between control and coaching conditions
taken from regressions of the outcome on coaching assignment for each study. Column (6) represents the
overall meta-analytic coaching effect. Models include controls for randomization blocks, participants’
gender, race, high school GPA, baseline score and interactor and coach fixed-effects.
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Table 10

Summary of Distance-Based Correspondence Measures Across Replication Studies

Distance-based measures

Sou_rcc_e of Magnitude Sign Significance Dl::(zft\efcggr?e
Ns NR variation .
of effects patterns coaching
effects
effects
Switching replication .
study (Study 2and 99 & gf t:zgﬁ?noggg‘;‘:( v v v -0.19
Study 3)
Cohort of
Multiple cohort study 99 98 teacher v v v -0.37
(Study 1 and Study 3) candidate (time)
Sample
Conceptual characteristics
replication study % % and training v v X 0757
(Study 3 and Study 4) context
Conceptual Mode of
replication study % 104 delivery v v v 0.15
(Study 3 and Study 5)

Notes: @ Indicates dependent sample for switching replication design
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CHAPTER IV: EXAMINING THE IMPACT OF MENTAL REHEARSAL ON
PRE-SERVICE TEACHERS’ PERFORMANCE AND PERCEPTIONS IN
MIXED-REALITY SIMULATIONS

A large body of literature has documented the difficulties that pre-service teacher
candidates face when they first enter the classroom, using terms such as “reality shock”,
“survival phase” (Huberman, 1989) and “transition shock™ (Corcoran, 1981). Novice
teachers consistently report feeling underprepared and overwhelmed by teaching
responsibilities when they first become teachers of record (Beran, 2005; Mitchell &
Arnold, 2004). In particular, managing classroom environments and student behaviors
has been often cited as the primary source of stress, anxiety and burnout by new teachers,
who are almost twice as likely to leave the profession as their more experienced peers
(Brunsting, Sreckovic & Lane, 2014; MacQueen, 2006). Poorly trained teachers are also
more likely to use ineffective management methods with students, perpetuating a cycle of
student misbehavior and teacher stress that leads to adverse outcomes for both groups
(Kaff, Zabel & Milham, 2007).

Even when teacher candidates have the skills necessary to effectively redirect off-
task student behavior, they often report feeling emotionally exhausted by the process of
managing a classroom environment (Jennings & Greenberg, 2009) on a regular basis.
Research suggests that in order to effectively manage disruptive students, novice teachers
need a combination of pedagogical knowledge regarding best practices as well as

emotional resources to counter the stressful nature of redirecting student behaviors and

managing a classroom. That is, when teachers are emotionally exhausted or perceive a

113



classroom management task as a threat to their efficacy as a teacher rather than as
an opportunity to learn, they are less likely to be effective at managing disruptive student
behaviors (Seiz et al., 2015). This is in line with cognitive appraisal theory, which
highlights than an individual perceives a task or situation as stressful when they
determine that the resources or skills they have at their disposal are insufficient to meet
the demands of the task (Harvey, Nathens, Bandiera & LeBlanc, 2010; Lazarus &
Folkman, 1984). Sutton (2007) finds that teachers often employ cognitive appraisal when
faced with disruptive students, and thus recommends that teachers should be equipped
with strategies that can help change their perceptions regarding classroom management in
addition to more traditional supports that improve knowledge of how to effectively
manage students.

One promising set of interventions that may be used to improve performance and
perceptions related to classroom management for pre-service and novice teachers are
mental rehearsals. Mental rehearsal is a cognitive reappraisal strategy that has been used
in healthcare and sports settings to improve performance on a specific task related to the
intervention, as well as participants’ perceptions of the task including stress, self-efficacy
and confidence levels (Arora et al., 2011a; Eldred-Evans et al., 2013). Essentially, mental
rehearsal uses a script (or stimulus) that focuses on strengthening the imagery
representation of the skills that a participant is expected to use in a particular situation or
task (Arora et al., 2011a). By allowing participants to mentally visualize themselves
executing a task before performing it, mental rehearsal serves as a preparation technique
that improves performance. In addition, the organized format of mental rehearsal scripts

reduce cognitive load and benefits learners (particularly novices) by allowing them to
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cognitively reappraise the task in the absence of physical exercise, ultimately improving
their perceptions of the task.

In this study, I evaluate the efficacy of a mental rehearsal intervention in reducing
pre-service teacher candidates’ stress levels, improving their management skills and
perceptions of student behaviors (including ratings of simulated student behaviors,
endorsements of punitive “next-steps” to manage such behaviors and self-efficacy
beliefs) during simulated teaching sessions. Implemented as part of a larger experimental
study examining the efficacy of providing pre-service teacher candidates with targeted,
directive coaching to improve their teaching practice, candidates were randomly assigned
to read a mental rehearsal script prior to engaging in a simulated classroom management
task. To understand the impact of mental rehearsal both as a stand-alone intervention as
well as in combination with more traditional supports offered by preparation programs
(such as coaching), | answer three research questions: 1) Does providing pre-service
teacher candidates with mental rehearsal improve their perceptions around redirecting
off-task student behavior (particularly, their stress levels, self-efficacy beliefs and ratings
of student behaviors)? 2) Do candidates who complete mental rehearsal perform
significantly better at redirecting off-task student behaviors than candidates who do not?
3) Do the effects of mental rehearsal on candidates’ stress levels, self-efficacy beliefs and
performance outcomes differ based on whether or not they received targeted coaching
supports?

Results suggest that mental rehearsal did not have a significant impact on
candidates’ self-reported stress levels or self-efficacy beliefs, but significantly improved

their performance during the simulated teaching task. Specifically, I find that teacher
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candidates assigned to complete mental rehearsal provided more timely redirections (i.e,
took lesser time to react) to simulated student avatar behaviors, more specific
redirections, more succinct redirections (i.e, took fewer seconds to redirect behaviors),
and scored higher on an overall measure of quality of redirections. In addition, | find that
while mental rehearsal does not offer candidates who were randomly assigned to receive
coaching in-between simulator sessions any advantage (over and above the benefit of
receiving feedback from a coach), candidates who were randomly assigned to participate
in self-reflection without any guidance from a coach between simulator sessions
benefited when they completed mental rehearsal prior to engaging in the simulated task.

This paper proceeds as follows. In Section 1, | provide background and an
overview of the literature on the challenges faced by novice teachers around classroom
management, the relationship between perceptions and performance in the context of
classroom management and the promise of techniques like mental rehearsal in improving
performance and perceptions related to specific tasks. In Section 2, | outline research
methods, including sample and setting characteristics, experimental design, and my
analytic plan. In Section 3, | present results estimating the impact of providing
participants with mental rehearsal (and coaching supports) on their stress, self-efficacy
beliefs, instructional skills, and perceptions of student behaviors in a simulated teaching
context. In Section 4, I discuss my findings, provide implications for teacher preparation
policy and directions for future research.

Background

Reality shock, classroom management and novice teachers
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Novice teachers experience a “reality shock” when they first enter classrooms and
consistently report feeling unprepared for the multitude and often competing demands
they are faced with as teachers of record (Atteberry, Loeb & Wyckoff, 2015; Kraft &
Papay, 2014). As novice teachers learn to apply their teaching skills in a classroom, most
struggle to transition from a learner to a teacher. In part, the lack of readiness among
novice teachers can be attributed to the need for structured coursework and integrated
opportunities to practice teaching skills during the preparation phase (Grossman &
McDonald, 2009b; O’Neill & Stephenson, 2012). Along with this, there is also evidence
that that preparation programs do not sufficiently prepare teachers for the high levels of
uncertainty, emotion and stress that accompanies teaching (Leung, Chiang & Wong,
2011).

In particular, novice teachers report struggling with managing their classroom,
redirecting off-task student behaviors and establishing classroom norms with their
students (Beran, 2005; Mitchell & Arnold, 2004). Although most teacher preparation
programs include some training on classroom and behavior management, a focus on
evidence-based practices and the opportunity to practice management skills do not
accompany such training on a consistent basis (Flower, McKenna and Haring, 2016). In
addition, even when teacher candidates have the skills necessary to effectively redirect
off-task student behavior, they often report feeling emotionally exhausted and stressed by
the process of managing their classroom environment (Jennings & Greenberg, 2009). In
the context of teaching (and particularly for novice teachers), knowledge of effective
classroom management strategies and a self-perceived sense of preparedness related to

classroom management is critical to success (Friedman, 2006; Dicke et al., 2014).
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Training teachers to feel like they can effectively manage classrooms and
concurrently manage their own emotions is important because unprepared teachers report
increased stress, lower levels of job satisfaction and higher rates of teacher turnover
(Brunsting et al., 2014) resulting from student behavior problems. A large body of
literature has highlighted that first-year teachers are more likely to leave the profession
(almost 2.5 times more likely) than their experienced counterparts (MacQueen, 2006;
Roness, 2011). Most novice teachers who leave the profession cite classroom
management and organization as the primary reason for turnover (Chaplain, 2008).
Poorly trained teachers who are unable to regulate their own emotions in the classroom
are more likely to use ineffective management methods (Feiman-Nemser, 2003; Kaff et
al., 2007; Kokkinos, Panayiotu & Davazoglu, 2004), thus perpetuating the cycle of
student behavior and stress. Novice teachers in particular are more intolerant of student
behaviors (Kaff et al., 2007) and are more likely to recommend special education
referrals to students (O’Neill & Stephenson, 2012) than experienced teachers.

Teacher perceptions, performance and cognitive appraisal

A large body of literature has documented the role that formal coursework and
training opportunities play in improving pre-service teachers’ pedagogical knowledge, as
well as perceptions related to classroom management. While coursework and practice
opportunities are theorized to improve both performance and perceptions of ability to
effectively manage classrooms (as with most teaching domains), empirical work suggests
that even after completing traditional components of teacher preparation, pre-service

teachers continue to report that they feel only “somewhat prepared” to manage disruptive
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behaviors, non-compliance and disorganization in the classroom (Oliver & Reschly,
2007; O’Neill & Stephenson, 2012).

One explanation for why pre-service teachers continue to feel ill-prepared to
manage disruptive classroom environments when they enter the classroom may be their
perceptions and emotions regarding the stressful nature of classroom management. Prior
work has suggested that teachers need high emotion regulation skills in addition to strong
pedagogical knowledge to successfully manage challenging student behaviors (Jennings
& Greenberg, 2009; Skinner & Beers, 2016). In their paper on the relevance of teachers’
emotional resources for successful classroom management, Siez, Voss and Kunter (2015)
hypothesize that using pedagogical knowledge to effectively manage a classroom
depends on the emotions and perceptions that a teacher has regarding the task of
managing a classroom environment. Specifically, they suggest that only when teachers
are able to regulate their emotions around classroom management, will they be able to
successfully apply knowledge-based strategies. They find that a combination of
pedagogical knowledge and low levels of emotional exhaustion are associated with
higher ratings of effective classroom management, suggesting that pedagogical
knowledge alone may not be sufficient for effective classroom management.

The link between perceptions and performance in teaching contexts has been
documented in prior work. The literature suggests that a teacher’s self-efficacy beliefs
and confidence in their ability to effectively manage a classroom influences their
management behaviors, as well as student behavior (Gordon, 2001; Narvaez, Vaydich,
Turner & Khmelkov, 2008; Newman-Carlson & Horne, 2004; Rosas & West, 2009). In

other domains such as healthcare and the military, studies examining the effects of stress
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or anxiety on performance suggest that performance in high-acuity contexts (such as
managing a disruptive classroom environment) can be either enhanced or impacted based
on how participants perceive the environment (LeBlanc, 2009). Specifically, when
participants perceive an upcoming task as a challenge rather than a threat, performance is
more successful. As an example, Blaskovich, Seery, Mugridge, Norris and Weisbuch
(2004) find that athletes how appraised an upcoming competition as a threat performed
significantly worse than their peers who appraised the same as a challenge. This is
consistent with findings from a study on public speaking, where people who appraised an
upcoming public speaking situation as a challenge outperformed those who perceived the
same situation as a threat (Feldman, Cohen, Hamrick & Lepore, 2004).

Whether an individual perceives a situation or task as a challenge or threat is
based on their cognitive appraisal of the task. Based on the cognitive appraisal theory
(Lazarus & Folkman, 1984), if an individual determines that the resources they have at
their disposal are sufficient to meet the demands of the situation, they appraise it as a
challenge and recognize the potential for improvements in self-esteem, learning,
performance, etc. However, if the individual perceives resources as insufficient to meet
the demands of the same situation, then it is appraised as a threat (Chang, 2009; Lazarus,
1966, 2006; Harvey et al., 2010). One promising set of interventions to improve
performance and perceptions of specific tasks and situations focus on cognitive
reappraisal, or altering individuals’ perceptions of demands in comparison to resources.
There is some evidence that teachers often employ cognitive reappraisal when faced with

disruptive students (Sutton, 2007), suggesting that any intervention that seeks to improve

120



performance needs to address teacher perceptions regarding demands and resources of
the situation as well.
Mental rehearsal to improve performance and perceptions

A popular strategy that has been used in similar high-stakes occupations as
teaching, including sports and medicine, is mental rehearsal. In prior studies, mental
rehearsal has been shown to improve participants’ performance on a specific task related
to the mental rehearsal intervention, as well as their perceptions of the task (Arora eta al.,
2011b; Eldred-Evans et al., 2013). Mental rehearsal refers to the “cognitive rehearsal of a
task in the absence of overt physical movement” (Driskell, Copper & Moran, 1994;
pg.481). When engaging in mental rehearsal, participants read a mental rehearsal script
(or audio stimulus) that focuses on strengthening the imagery representation of the skills
that a participant is expected to use in a particular situation or task (Arora et al., 2011a).
Practically, engaging in mental rehearsal allows an individual to mentally visualize
themselves executing a set of skills before performing it, as a preparation technique. The
mental rehearsal, or visualization, then activates shared neural representations with
actually performing the same task (De Lange, Roelofs & Toni, 2008), therefore
improving participants’ performance. In addition, mental rehearsal scripts are presented
as organized, cohesive learning materials that can be used by participants to assimilate
information needed to complete the task. This reduces extraneous cognitive load and
benefits learners (or novices) in particular, ultimately leading to improved performance
and feelings of preparedness related to the task. The goal of mental rehearsal is to
eliminate negative perceptions and improve performance by providing participants with a

mental map of a specific task prior to engaging in it (Jones & Stuth, 1997).
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Early studies on mental rehearsal found that the technique led to significant
improvements in performance (Lee, 1990; Perry, 1939; Ross, 1985), leading researchers
to conclude the mental rehearsal has the potential to improve performance on specific
tasks (Druckman & Swets, 1988; Feltz, Landers & Becker, 1988). In more recent work
on the use of mental rehearsal among novice surgeons, researchers find that mental
rehearsal is a time-and-cost effective strategy that improves surgeons’ knowledge and
confidence (Arora et al., 2011b) and reduce stress (Wetzel et., 2011) related to surgical
procedures. In a recent study, Arora et al. (2011b) randomly assigned 45 novice surgeons
to either participate in mental rehearsal (intervention condition) or an unrelated activity
(control condition) prior to a simulated laparoscopic surgery. Participants completed five
consecutive days of simulated laparoscopic surgeries, with mental rehearsal (or the
unrelated activity) prior to each practice surgery. The authors find that surgeons who read
the mental rehearsal script prior to completing the surgeries were significantly less
stressed and performed significantly better than their peers in the control group.

In another paper, Ignacio, Scherphier, Dolmans, Rethans & Liaw (2017) use a
pre-and-post design to examine whether mental rehearsal was effective in enhancing
rescue-and-resuscitate performance and managing stress among a sample of 100 nursing
students working with simulated patients. The authors find that although mental rehearsal
significantly improved candidates’ performance, it did not seem significantly reduce
participants’ stress levels on an objective measure of stress. However, qualitative data
from interviews with participants suggest that engaging in mental rehearsal enabled them
to manage their stress and had a calming effect on them prior to engaging in the

simulated task.
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In all, mental rehearsal interventions show promising results on participants’
performance and perceptions in simulated tasks in healthcare settings. Like medical
professionals, pre-service and in-service teachers also face challenging and demanding
situations every day in the classroom. Along with improving pre-service teacher
candidates’ skills through coursework, practice opportunities and feedback, teacher
preparation programs would be well served by integrating brief supports such as mental
rehearsal that help candidates meet the intellectual demands of the classroom, improve
their performance and ultimately increase student achievement. The low-cost, low-touch
nature of mental rehearsal makes it ideal to implement alongside more traditional
supports provided during the preparation phase, including role-plays, rehearsals,
simulated teaching opportunities, feedback from mentors, coaching, etc. In fact, Sanders
et al. (2008) find that a combination of technical skills training and mental rehearsal is
most effective in enhancing performance and improving preparedness related to a
specific task.

This study

Although mental rehearsal shows promise in healthcare settings, researchers have
not studied the efficacy of mental rehearsal to improve performance and perceptions
(such as stress, self-efficacy beliefs, attitudes towards classroom management and
endorsements of punitive approaches) in the pre-service teacher preparation context. In
this paper, | examine the use of a mental rehearsal script in improving pre-service
teachers’ outcomes related to classroom management in the context of a simulated
teaching opportunity. Specifically, | investigate whether participants who were randomly

assigned to read a mental rehearsal script prior to redirecting off-task behaviors and
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setting classroom norms with a group of five simulated student avatars performed better,
reported lower levels of stress and rated misbehaviors as occurring to a lesser extent than
their peers in the control group.

Implemented as part of a larger study that examines the efficacy of providing
teacher candidates with coaching supports to improve their practice in the simulator, |
combine data from the mental rehearsal intervention with the coaching protocol to
understand the impact of mental rehearsal both as a stand-alone intervention and in
conjunction with coaching supports (see Cohen et al., 2020 for a more thorough
description of the coaching and self-reflection procedures). Candidates randomly
assigned to the coaching condition received five minutes of targeted, directive feedback
from an expert coach, while candidates randomly assigned to the self-reflection condition
completed a self-reflection protocol designed by the research team to reflect on their
performance in the simulator. | used a 2x2 factorial design to randomly assign teacher
candidates to one of four conditions: self-reflection with no intervention, self-reflection
with mental rehearsal, coaching with no intervention and coaching with mental
rehearsal. Importantly, the mental rehearsal intervention and the coaching intervention
were delivered at different times with a five-minute simulation session in-between them,
allowing me to estimate the causal impact of mental rehearsal on teacher candidates’
outcomes both as a stand-alone intervention as well as when combined with coaching.
Theory of change and research hypotheses

For this study, | theorize that participating in mental rehearsal will improve
teacher candidates’ performance and perceptions related to classroom management in the

context of the simulated practice opportunity. That is, | anticipate that candidates who
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complete mental rehearsal will perform better at redirecting off-task student behavior in
the simulator, report lower levels of stress prior to their next simulator session, report
higher self-efficacy beliefs related to classroom management, and rate student avatar
behaviors less harsh than their peers in the control group. The theory of change related to
my hypotheses is outlined in Figure 9. Specifically, | use the factorial design
implemented in this study evaluates three hypotheses regarding the benefit of mental
rehearsal in the context of a mixed-reality classroom management task:

Hypothesis 1. Teacher candidates who participated in mental rehearsal will report
lower levels of stress before they complete their first simulator session as compared to
control group candidates. That is, candidates who read the mental rehearsal script
(regardless of whether they receive coaching or self-reflection after their pre-coaching
simulator session) will be less stressed than their peers who do not read the mental
rehearsal script prior to their simulator session.

Hypothesis 2. Teacher candidates randomly assigned to participate in mental
rehearsal will perform better at redirecting off-task student behavior during their
simulator session (prior to participating in self-reflection or receiving targeted coaching)
compared to candidates who did not participate in the mental rehearsal intervention. In
addition, they will also report more favorable perceptions regarding classroom
management (including ratings of student avatar behaviors, endorsements of different
classroom management approaches and self-efficacy beliefs related to classroom
management). Here, | hypothesize that completing the mental rehearsal exercise
(irrespective of whether candidates are assigned to receive coaching or complete the self-

reflection protocol following their second simulator session) will improve candidates’
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performance in the simulator session and improve their perceptions of the simulated
classroom management task by helping them mentally visualize themselves executing a
set of skills before performing it, leading to better preparation and better performance.

Hypothesis 3. Teacher candidates who are assigned to coaching/self-reflection
(respectively) and mental rehearsal will perform better than participants who were
assigned to coaching/self-reflection (respectively) but did not complete the mental
rehearsal exercise during their final simulator session when they have completed both
mental rehearsal and coaching/self-reflection.

Research Methods

Sample and setting characteristics

Designed to complement content and pedagogical knowledge that candidates
gained during their methods coursework, the simulated sessions provided candidates with
short, standardized, repeated practice opportunities. During a methods course focused on
classroom management, teacher candidates were asked to facilitate a classroom
discussion about setting classroom norms with five simulated student avatars, while
redirecting minor off-task behaviors displayed by the avatars. Behaviors included
humming, talking about personal hobbies and minor interruptions, and were meant to
inhibit the whole group discussion without being aggressive or overtly defiant. Six off-
task behaviors occurred during each five-minute simulated session, providing candidates
with the same number of opportunities to redirect behavior. Each teacher candidate
participated in three simulator sessions (one at the start of the semester referred to as the
first or baseline session, and two back-to-back simulator sessions approximately two

months after the first session referred to as the second/third sessions respectively).
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Teacher candidates who were randomly assigned to the mental rehearsal condition
completed a mental rehearsal script (or protocol) designed by the research team prior to
engaging in their second simulator session.

Data included in this study were collected in the Spring of 2020 at a large,
selective, public university in the southeast United States that prepares approximately 100
new teachers each year. The overall participant sample was largely White (68%) and
female (83%), and middle class (61%). Table 11 provides descriptive statistics of sample
characteristics by intervention condition. Baseline covariate measures include candidates’
reported characteristics of the high school from which they graduated, parental education,
prior academic achievement (grade point average), and scores on self-reported measure
of teacher self-efficacy (Tschannen-Moran & Hoy, 2001). Table 11 also includes
performance and survey outcome measures at baseline.

Experimental design and data collection procedures

Figure 8 summarizes the experimental design and study protocol for the simulator
sessions that candidates completed in Spring 2020. During the baseline period in Figure 8
(Time 1), candidates participated in a baseline simulation session where they were asked
to lead a discussion on setting classroom norms while simultaneously redirecting off-task
behaviors from student avatars. At this time, the research team collected data on
participants’ covariate information as well as pretest measures of their performance and
perception outcomes. Candidates were then randomly assigned within their elementary or
secondary course sections to one of four conditions: Control group with self-reflection
(n=27), Mental rehearsal group with self-reflection (n=29), Control group with coaching

(n=24) and Mental rehearsal group with coaching (n=26). Although coaches and
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simulation specialists were not randomly assigned to sessions, they were scheduled in a
manner that allowed sufficient variation across course sections, day and timings of
sessions.

After a few months, candidates participated in their first follow-up simulator
session at Time 2. Before they participated in the session, all participants were sent a pre-
simulator survey that asked them to list the kinds of misbehaviors they anticipated the
student avatars would display, how they planned to respond to them, how stressed they
felt about their upcoming simulator session and a measure of self-efficacy related to
classroom management classroom management. Candidates who were assigned to
complete the mental rehearsal intervention received a version of the same survey that
contained all of the questions included in the control group survey as well as a mental
rehearsal script (script is provided in Appendix B). The follow-up 1 session was
designed to be “parallel” to the session at baseline in that candidates were asked to
complete the same task of setting classroom norms and redirecting off-task student avatar
behavior, but were exposed to different off-task behaviors in each session. The number,
type and severity of off-task behaviors were similar and standardized across all sessions.
This allowed candidates to approximate redirecting behaviors in similar but not identical
settings. Interactors who controlled the student avatars were trained rigorously by the
research team to ensure that simulation sessions were delivered with fidelity across
teacher candidates. Teaching outcomes were measured for all participants during the
follow-up simulator session.

Immediately after their first follow-up simulator session, candidates who were

assigned to receive coaching (either with or without mental rehearsal) received five
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minutes of targeted coaching from an expert coach. At the same time, candidates who
were assigned to self-reflection (either with or without mental rehearsal) responses to a
series of reflection prompts designed by the research team without any support from a
coach. After the five minutes of coaching or self-reflection, all candidates participated in
the third and final simulation session (follow-up 2), during which teaching outcomes
were measured once again. After completing the second follow-up simulator session at
Time 3, candidates completed post-simulation survey asking them to assess avatar
behaviors and recommend “next-steps” for addressing student avatar behaviors if they
occurred in a classroom setting, as well as another administration of the self-efficacy in
classroom management measure.
Treatment and control conditions

Self-reflection with no intervention. Teacher candidates who were randomly
assigned to the self-reflection and no intervention condition did not complete the mental
rehearsal exercise. In between two five-minute simulator sessions, these candidates were
asked to reflect for five minutes using a self-reflection protocol designed based on the
extant literature on teacher self-reflection (Yost, 2006). The protocol included three
questions: “What are some things you think went well in terms of redirecting student
behavior?” “What are some things you think could have gone differently in terms of
redirecting student behavior?” and “What are you going to work on in the next five-min
session to improve your redirections of student behavior?”

Self-reflection with mental rehearsal. Prior to their second simulator session,
candidates assigned to the self-reflection with mental rehearsal read a mental rehearsal

script as part of their pre-simulator survey. They then completed one five-minute
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simulator session, the self-reflection protocol described above, and then another five-
minute simulator session.

Coaching with no intervention. Teacher candidates randomly assigned to
receive coaching with no intervention did not read the mental rehearsal script as part of
their pre-simulator survey. Once they completed a five-minute simulator session,
candidates received targeted feedback from an expert coach on their performance.
Coaches were trained doctoral students who were enrolled at the same university.
Coaching conversations followed a similar structure in that coaches would first gauge
candidates’ understanding of their performance, identify elements of effective instruction,
highlight a specific skill in need for improvement, and finally reinforce the link between
specific practices and the larger instructional goal. The teacher candidate then had
another opportunity to practice their skills in the simulator immediately following their
conversation with the coach.

Coaching with mental rehearsal. In the coaching with mental rehearsal
condition, teacher candidates read the mental rehearsal script as part of their pre-
simulator survey prior to completing the second simulator session. Following this
session, they received targeted feedback from an expert coach in the manner described
above. All teacher candidates then completed a third and final five-minute session in the
simulator.

Outcome measures

In this study, I use data from observational rubrics of teacher candidates’

performance in the simulator as well as their responses on pre-simulator and post-

simulator surveys (to measure perceptions regarding classroom management). Results
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from factor analyses and reliability calculations for the construct measures used in this
study are presented in Table 12.

Stress measure. Participants’ subjective stress levels were measured using the
short form of the State-Trait Anxiety Inventory (STAI). Originally developed by
Spielberger, Gorsuch and Lushene in 1970, Marteau and Bekker (1992) created a six-
item short form of the STAI that is used in this study. The STAI is a self-report
questionnaire that measures participants’ subjective levels of stress about an imminent
task or situation. It contains 6 items, each assessed on a 4-point scale and totaled to
produce an overall score (with a reliability of 0.85). Responses closer to the minimum
overall score of 6 equates to the lowest stress, while responses closer to the maximum of
24 suggest higher stress. The STAI has been widely used to measure stress in the
psychological literature, including among samples of pre-service teachers (see Topoglu,
2014; Yokus, 2012). In this study, pre-service teacher candidates were asked to complete
the STAI as part of the pre-survey that was administered prior to the first follow-up
simulator sessions (and immediately following the mental rehearsal intervention) at Time
2 in Figure 8.

Self-efficacy beliefs. Teacher candidates completed the Teacher Sense of
Efficacy Scale (TSES) developed by Tschannen-Moran and Hoy in 2001 during the
baseline survey at Time 1, pre-survey administered at Time 2, and after the follow-up 2
simulator session at Time 3. The long-form version of the instrument consists of 24 items
that are classified into three composite subscales: 1) efficacy for instructional strategies,
2) efficacy for student engagement and 3) efficacy for classroom management. In this

study, | analyze data from the classroom management subscale, which consists of eight
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items including “How much can you do to control disruptive behavior in the classroom?”,
“How well can you establish a classroom management system with each group of
Students?” “To what extent can you make your expectation clear about student
behavior?”, etc. Responses range from 1 (None at all)-9 (A great deal) on a Likert scale
with anchors at 1=Nothing, 3=Very little, 5=Some influence, 7=Quite a bit and 9=A great
deal. Reliability for the TSES measure was between 0.93 and 0.94 across the three time
points that data were collected in this study.

Candidate Performance in the Simulator. An observational rubric measuring
candidates’ ability to redirect off-task behavior according to the Responsive Classroom
(2014) framework was developed by the research team. A team of trained coders coded
videos for each participant from each simulator session (baseline, follow-up 1 and
follow-up 2) for a total of 322 videos. Using Krippendorff’s alpha (1970) to calculate
inter-rater reliability, a total of 92 videos were double-coded resulting in overall
reliability of 0.73. Coder drift was addressed using weekly calibration checks and
agreement reports run by the research team, and scores from double-coded videos were
averaged to form aggregate measures of performance. Each video was coded for a) the
timeliness of redirections (how quickly the candidate responded to an off-task behavior),
b) the proportion of specific redirections provided by the teacher candidate, c) the
succinctness of redirections (measured as the number of seconds taken by the teacher
candidate to successfully redirect the off-task student behavior) as well as an overall
measure of quality of redirections provided by the candidate (on a scale of 1-10).

Ratings of student behaviors and management approach endorsements. In

addition to coding videos for candidates’ performance, the research team administered a
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post-simulation survey at Time 1 and Time 3 that asked candidates to rate student avatar
behaviors using a modified IOWA Connor’s rating scale (Waschbush & Willoughby,
2007), and the extent to which they would employ punitive approaches to address these
behaviors. The avatar behaviors range from minor off-task behaviors to more extreme
behavior. Responses range from (1) “Not at all” to (4) “Very much” for each behavior
and were averaged to form a scale with reliability of 0.90. The items about punitive “next
steps” asked candidates to rate the extent to which they would endorse different punitive
management approaches (including special education and disciplinary referrals) to
address behaviors that student avatars exhibited during the simulation session. Responses
ranged from (1) “Extremely unlikely” to (10) “Extremely likely” and were averaged to
create an endorsement rating as presented in tables 11 and 12.
Analytic Model

Impact of mental rehearsal on candidates’ performance and perception
outcomes. To examine the average treatment effect (ATE) of providing candidates with a
brief mental rehearsal on their stress levels, self-efficacy beliefs and performance in the
simulator during follow-up 1 (Time 2), | begin by estimating the following cross-
sectional model®:

Yijie=2) = Bo + BiMentalRehearsal;j + X;j + A; + €;; 9
Here, Y;;:=2) represents the outcome for teacher candidate i in course section j at

during the first follow-up simulator session (prior to participating in self-reflection or

5 In addition to regression models, I also estimated the impact of mental rehearsal on teacher candidates’
performance and perceptions outcomes at Time 2 and Time 3 using Structural Equation Modeling. SEM
models present an advantage over regression models in their ability to model measurement errors and
variances, while simultaneously allowing assessment of model fit. The analytic model and results from the
SEM are presented in Appendix C, and suggest that results are robust to measurement error.
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receiving targeted coaching). MentalRehearsal;; is an indicator variable coded to 1 if
teacher candidate i was randomly assigned to read the mental rehearsal script and 0
otherwise. In my preferred model specification, X;; includes controls for baseline
characteristics of teacher candidates (including their mother’s education level, gender,
race and indicators for missing information), their baseline performance outcomes in the
simulator at Time 1, the interactor who controlled the simulation session at Time 2, and
whether the candidate was randomly assigned to the coaching or self-reflection condition.
Since candidates were randomly assigned to one of four conditions within course

sections, my model includes a series of fixed effects for each randomization block (4;).

In Equation 9, 3, represents the adjusted average treatment effect of completing the
mental rehearsal protocol relative to the control group during follow-up 1.

Since there may be imbalances between the mental rehearsal and control group by
chance, Appendix Table 4 shows the sensitivity of the effect estimates to different model
specifications. | estimate treatment effects using five different model specifications- in
Model 1 presented in Column 2 of Appendix Table 4, | control only for randomization
blocks (4;). Model 2 presented in Column 3 adds an indicator for whether teacher
candidates were randomly assigned to the self-reflection or coaching condition, Model 3
in Column 4 controls for baseline characteristics of teacher candidates (including their
mother’s education level, gender, race and indicators for missing information). Model 4
in Column 5 adds candidates’ baseline performance outcomes in the simulator at baseline
while Model 5 in Column 6 of Appendix Table 4 controls for variation in the interactor
and coach who controlled/managed simulator sessions during the follow-up period.

Overall, I find that the magnitude of effects is robust across model specification.
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In addition to the cross-sectional models presented in Equation 9, | also examine
results from longitudinal models to understand how mental rehearsal impacts candidates’
outcomes in the simulator during follow-up 2. In the model presented below, | examine
changes in teacher candidates’ outcomes (both simulator performance and self-efficacy
beliefs in classroom management) by mental rehearsal condition over time. Here, |
hypothesize that participants who completed the mental rehearsal protocol prior to
simulation sessions at the first follow-up perform better than their peers who were
assigned to the control condition and did not complete the mental rehearsal (after
controlling for whether or not participants were randomly assigned to self-reflection or
coaching). To examine this hypothesis, | estimate the following model*:

Yije

= Bo + BiMentalRehearsal;j. + p,Time2; + p;Time3; + B,Coaching;;,

+ PsMentalRehearsal;j; x Time2, + BsMentalRehearsal;j; » Time3,

+ B;MentalRehearsal;j. x Coaching;j, + BgCoaching;j, * Time2,

+ BoCoaching;;, » Time3; + BioMentalRehearsal;j; » Coaching;j, * Time2,

+ Bi1MentalRehearsal;j * Coaching;j, * Time3; + X;; + 4;

+ € (10)
In the equation above, Y;;, represents average outcomes for teacher candidate i enrolled
in course section j at Time t (coded as 1 for baseline, 2 for follow-up 1 and 3 for follow-
up 2). 8, represents the average difference between the mental rehearsal group and the
control group in Y during the baseline simulator session. 8; + 3, represents the average
difference between outcome Y for mental rehearsal and control groups at follow-up 1

(Time 2), while 5, + B, represents the difference between outcome Y for the mental
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rehearsal and control groups at follow-up 2 (Time 3). X;; includes controls for teacher
candidate characteristics as well as baseline outcome measures and controls for whether
the teacher candidate was randomly received coaching between simulator sessions at
Time 2 and Time 3. A; represents fixed effects for course section and ¢;; is an error term.
Results from these models are presented in Table 13.

Impact of mental rehearsal on candidates’ performance and self-efficacy
beliefs based on coaching condition. To better understand how coaching supports
interacted with mental rehearsal condition to improve teacher candidates’ performance
and perceptions in the simulated setting, I examine changes in candidates’ outcomes by
mental rehearsal and coaching condition over time. Specifically, | estimate the following
longitudinal model:

Yije

= Bo + Bi1MentalRehearsal;j; + p,Time2, + BsTime3, + ByCoaching;;;

+ psMentalRehearsal;j, « Time2, + P¢MentalRehearsal;;, * Time3,

+ pyMentalRehearsal;j, * Coaching;;; + BgCoaching;j, = Time2,

+ ByCoaching;j, * Time3; + ByoMentalRehearsal;j, » Coaching;;,

* Time2; + By;MentalRehearsal;j. * Coaching;j, * Time3; + X;; + 4;

+ € (11)

In the equation above, Y;;. represents average outcomes for teacher candidate i
enrolled in course section j at Time t (coded as 1 for pre-intervention, 2 for post-
intervention/pre-coaching and 3 for post-intervention, post-coaching). 3, represents the
average difference between the mental rehearsal, self-reflection group and the control,

self-reflection group in Y at baseline, while 8, + S, represents the average difference
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between the mental rehearsal, coaching group and the control, coaching group at the
same time point. §; + S5 represents the difference between the average difference
between the mental rehearsal, self-reflection group and the control, self-reflection group
in Y during follow-up 1 at Time 2, and S, + fs + B1 represents the difference between
the average difference between the mental rehearsal, coaching group and the control,
coaching group in Y at the same time point. Finally, B, + B, represents the difference
between the average difference between the mental rehearsal, self-reflection group and
the control, self-reflection group in Y during follow-up 2 at Time 3, and ; + B¢ + B11
represents the difference between the average difference between the mental rehearsal,
coaching group and the control, coaching group in Y at the same time point. X;; includes
controls for teacher candidate characteristics. A; represents fixed effects for course
section and ¢;; is an error term. Results from these models are presented in Table 14.
Results

Stress. Column 2 of Table 13 summarizes the impact of mental rehearsal on
teacher candidates’ stress level during follow-up 1 at Time 2 (prior to participating in
self-reflection or coaching). | find that teacher candidates who were randomly assigned to
complete the mental rehearsal protocol report higher levels of stress measured by the
STAI as compared to their peers who did not complete the mental rehearsal protocol.
Specifically, Table 13 shows that on average, candidates who completed the mental
rehearsal protocol scored 0.53 points (0.06 SD) more on the STAI measure as compared
to their peers. This difference is not statistically significant (p>0.10).

Self-efficacy beliefs. Column 2 of Table 13 also shows teacher candidates’

ratings of their efficacy beliefs in managing a classroom immediately after completing
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the mental rehearsal protocol at follow-up 1. Coefficients in Column 2 suggest that
teacher candidates who were randomly assigned to complete the mental rehearsal
protocol report lower self-efficacy beliefs than their peers who did not complete the
mental rehearsal protocol. On average, candidates who completed the mental rehearsal
protocol scored 0.30 points (0.44 SD) less on the TSES measure as compared to their
peers. Although this difference is large in magnitude, differences between the two group
are not statistically significant (p>0.10).

Performance outcomes. Next, | estimate the impact of mental rehearsal on
candidates’ performance in the simulator during follow-up 1 (immediately after
completing the mental rehearsal protocol, prior to receiving coaching or self-reflection).
Specifically, I am interested in whether mental rehearsal improves the specificity,
succinctness and timeliness of their redirections, ultimately leading to higher overall
quality scores. From Column 2 in Table 13, I find that candidates who were randomly
assigned to complete the mental rehearsal protocol performed significantly better than
their peers in the control group.

First, candidates in the mental rehearsal group provided more timely redirections
in response to off-task behaviors displayed by student avatars. On average, candidates in
this group reacted approximately 4 seconds faster than candidates in the control group
(B=-4.20, p<0.01). Candidates in the intervention group also provided more succinct
redirections in response to off-task behaviors- that is, they took lesser time to effectively
redirect off-task student avatar behavior. Candidates who completed mental rehearsal
took 3 seconds lesser (f=-2.62, p<0.10), on average, to redirect off-task behaviors

compared to their peers in the control group. Finally, mental rehearsal also improved the
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proportion of specific redirections that teacher candidates provided. Candidates in the
mental rehearsal group provided more specific redirections than their peers in the control
group ($=0.18, p<0.01).

Column 2 in Table 13 also shows a significant difference between the mental
rehearsal and control groups on a measure of the overall quality score. This is not
surprising, since the overall quality score is a measure of the extent to which teacher
candidates provided timely, specific and succinct redirections. Results from Table 13
suggest that candidates who completed the mental rehearsal intervention scored 0.81
points (p<0.01) higher on average than their peers in the control group.

Behavior ratings and endorsements of management approaches. Table 13
reports the impact of mental rehearsal on teacher candidates’ ratings of student avatar
behaviors and endorsements of punitive management approaches after the simulator
session at follow-up 2 (after they have received self-reflection or coaching). Table 13
shows that on average, candidates who completed the mental rehearsal protocol rated
oppositional or defiant behaviors as occurring to a significantly lesser extent (5=-0.48,
p<0.05) than their peers who did not complete the mental rehearsal protocol. I also find
that candidates who completed mental rehearsal were less likely to endorse punitive
management approaches (such as disciplinary or special education referrals) to address
the off-task behavior as compared to their peers, although this difference is not
statistically significant ($=-0.30, p>0.10). An important note is that since perceptions
outcomes were measured at follow-up 2, after teacher candidates had either participated
in self-reflection or coaching, the estimates of the impact of mental rehearsal on these

outcomes are confounded by coaching condition assignment (however, since teacher
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candidates were randomly assigned to self-reflection or coaching, I do not anticipate
significant changes in the pattern of results observed).
Exploring Dosage Effects Over Time

To understand whether mental rehearsal continued to have an impact on
participants’ performance and perceptions in the simulator beyond follow-up 1, I examine
results from the longitudinal model in Equation 11. Results are presented in Columns 2
and 3 of Table 13, as well as Figures 10 (for overall quality score) and Figure 11 (for
self-efficacy beliefs).

Performance outcomes. Figure 10 and Table 13 shows that participating in
mental rehearsal prior to the simulator session at Time 2 improves candidates’ overall
performance at redirecting off-task student avatar behavior. That is, from baseline to
follow-up 1, the overall quality score increased from 2.70 points to 4.58 points for the
mental rehearsal group compared to an increase from 2.95 points to 3.78 points for the
control group. Although both groups saw significant improvements in their overall
quality score between the two time points, the increase is greater in magnitude for the
participants who completed the mental rehearsal protocol ($=-0.81, p<0.01). This makes
sense, given that participants who were randomly assigned to the mental rehearsal
condition completed the protocol just prior to the follow-up 1 simulation session at Time
2. From follow-up 1 to follow-up 2 however, both groups saw steep gains in the overall
quality score ($=1.18, p<0.01 for the mental rehearsal group; f=1.67, p<0.01 for the
control group), likely driven by the fact that participants in both the control group and the
mental rehearsal group received coaching from an expert coach between simulation

sessions at Time 2 and Time 3. The difference in the gains across both groups is not
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statistically significant ($=0.32, p>0.10), suggesting that mental rehearsal provided little
prolonged benefit after initial gains observed at follow-up 1.

Table 13 and Figures C4-C6 show similar patterns of results for different
outcomes (timeliness of redirections, proportion of specific redirections and succinctness
of redirections). Table 13 shows that participants in the mental rehearsal condition
provided significantly more timely redirections in response to student avatar behaviors at
Time 2 after completing the mental rehearsal in comparison to their peers in the control
group. Specifically, participants in the mental rehearsal condition reacted approximately
4 seconds faster to student avatar behaviors at follow-up 1 (with an average of 10
seconds) than they did at baseline (an average 15 points) and the difference between the
two time-points is statistically significant (p<0.01). In comparison, participants in the
control group did not see much change in their reaction times (f=-0.20, p>0.10). The
difference in reaction times between the two groups is statistically significant at follow-
up 1 (8=-4.20, p<0.01) as well as follow-up 2 (8=-2.201, p<0.01). Unlike the overall
quality score, differences between the two groups is significant for timeliness in
redirections (p<0.01) suggesting that mental rehearsal does reduce average reaction times
over and above improvements due to coaching.

Similarly, participants in the mental rehearsal condition significantly
outperformed their peers in the control group at follow-up 1 for both the proportion of
specific redirections provided (£=0.18, p<0.01), as well as the succinctness of
redirections ($=-2.62, p<0.10). At follow-up 2, however, differences between the two
groups were not statistically significant, although participants in the mental rehearsal

group continued to perform better than those in the control group.
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Table 13 and Figure 11 however, show that while candidates in both the mental
rehearsal group and the control group did experience slight increases in their self-efficacy
for classroom management between baseline and follow-up 1, these increases were not
significant for either group. Additionally, average self-efficacy beliefs for participants in
the mental rehearsal condition were not significantly different from average self-efficacy
beliefs for participants in the control group (5=-0.30, p>0.10). At follow-up 2,
participants in the mental rehearsal condition reported significantly lower self-efficacy
beliefs than their peers in the control group ($=-0.39, p<0.10), suggesting that mental
rehearsal may have actually reduced participants’ self-efficacy beliefs even more between
follow-up 1 and follow-up 2.

Exploring the Impact of Coaching and Mental Rehearsal Over Time

To examine my hypothesis that participants who received mental rehearsal and
coaching would perform participants who received only coaching (and participants who
received mental rehearsal and self-reflection would outperform those who received only
self-reflection), I examine longitudinal models presented in Equation 11, where mental
rehearsal condition and coaching/self-reflection conditions were interacted. Results from
these models are presented in Table 14 and Figures 12, 13 and C7-C9.

Overall, results presented in Table 14 suggest that participants’ responses to
mental rehearsal differ based on whether they were randomly assigned to participate in
self-reflection or receive targeted coaching between simulator sessions at follow-up 1 and
follow-up 2. At follow-up 2, Table 14 and Figure 12 shows that among participants who
were randomly assigned to complete self-reflection without any additional support,

teacher candidates who completed mental rehearsal scored higher on a measure of overall
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quality of redirections (5.13 points) than candidates who did not (4.42 points), and
differences between the two groups are statistically significant (£=0.70, p<0.05). In
comparison, among participants who were randomly assigned to receive five minutes of
targeted feedback from a coach in-between simulator sessions at follow-up 1 and follow-
up 2, those who completed mental rehearsal scored slightly lower (6.89 points) than those
who did not (6.93) points, although these differences are not statistically significant (f=-
0.04, p>0.10).

Figures C7-C9 in the Appendices and Table 14 show a similar pattern for the
other coded simulator performance outcomes (timeliness of redirections, proportion of
specific redirections and succinctness of redirections). Among those randomly assigned
to complete the self-reflection protocol between simulator sessions at follow-up 1 and
follow-up 2, those who completed the mental rehearsal protocol outperformed those in
the control group at follow-up 2. Specifically, participants in the mental rehearsal, self-
reflection group provided significantly more timely redirections ($=-3.63, p<0.01),
provided a greater proportion of specific redirections (£=0.08, p>0.10), and provided
significantly more succinct redirections ($=-5.69, p<0.01), compared to their peers in the
control group. In comparison, among participants randomly assigned to receive five-
minutes of targeted feedback from an expert coach in-between simulator sessions at
follow-up 1 and follow-up 2, outcomes for those who completed the mental rehearsal
protocol did not differ much from participants who did not complete the mental rehearsal
protocol. Control, coaching group participants provided less timely redirections ($=-0.07,
p>0.10), a slightly greater proportion of specific redirections (£=0.01, p>0.10), and less

succinct redirections ($=-0.01, p>0.10) than their peers in the mental rehearsal, coaching
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group, although none of the differences between the two groups are statistically
significant

Finally, it appears that teacher candidates’ self-efficacy beliefs related to
classroom management were affected differently based on the combination of mental
rehearsal and coaching condition that they were randomly assigned to. Specifically, I find
that for participants who were randomly assigned to self-reflection, average self-efficacy
beliefs for participants who completed mental rehearsal at follow-up 2 were significantly
lower (5=-0.64, p<0.05) than self-efficacy beliefs for participants in the control group at
the same time point. Among participants who were randomly assigned to coaching, those
who completed mental rehearsal reported slightly lower self-efficacy beliefs than those
who did not complete mental rehearsal (f=-0.11, p>0.10) although differences between
the two groups are not statistically significant.

Discussion

With novice teachers continuing to report feeling underprepared, overwhelmed
and stressed by teaching when they first enter the classroom environment, teacher
preparation programs need more empirical literature on the kinds of supports that can be
used to improve performance and perceptions regarding teaching during the preparation
phase. This is particularly true in the context of classroom management, since it is an area
that pre-service and novice teachers report feeling the most ill-prepared for (Beran, 2005;
Mitchel & Arnold, 2004). The literature points to the importance of both pedagogical
knowledge and emotional resources for effective classroom management, suggesting that

any supports during the preparation phase should aim to improve both simultaneously.
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This is critical, given that a large body of work documents the relationship between
perceptions and performance in high-acuity contexts such as classroom management.

In this paper, | examine the use of a specific cognitive reappraisal strategy called
mental rehearsal in improving pre-service teacher candidates’ outcomes in the context of
simulated teaching tasks around setting classroom norms and redirecting off-task
behavior. Specifically, | examine whether teacher candidates who were randomly
assigned to participate in mental rehearsal report improved perceptions (lower levels of
stress, higher self-efficacy beliefs, and more favorable perceptions of student behaviors)
and are more effective at setting classroom norms and redirecting off-task behaviors as
compared to their peers in the control group. Because this study was implemented as part
of a larger study examining the efficacy of coaching supports on teacher candidates’
instructional skills in the simulator, | examine the impact of mental rehearsal both as a
stand-alone intervention as well as combined with more traditional supports offered
during the preparation phase (such as coaching).

Findings suggest that mental rehearsal did not significantly improve participants’
stress levels or self-efficacy beliefs related to classroom management, but did improve
their performance in the simulator. Specifically, I find that participants who were
randomly assigned to the mental rehearsal condition reacted significantly faster to off-
task student avatar behaviors, provided a greater proportion of specific redirections, took
fewer seconds on average to effectively redirect behaviors, and scored significantly
higher on an overall measure of quality of redirections. These findings corroborate
findings from other studies that mental rehearsal results in significant performance

improvements during complex simulated tasks (Arora et al., 2011b; Wetzel et al., 2011).
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In addition to improved performance, | also find that participants who completed mental
rehearsal rated misbehaviors during the simulator session as occurring to a significantly
lower extent than participants who did not complete mental rehearsal. Mental rehearsal
participants also endorsed punitive management approaches to address off-task behaviors
to a lesser extent than their peers in the control group. Taken together, the findings from
this study suggest that mental rehearsal significantly improved pre-service teacher
candidates’ performance at redirecting off task behaviors during the simulator session, as
well as their general perceptions regarding classroom management, but did not reduce
stress or self-efficacy beliefs among teacher candidates.
Limitations and Future Research

One possible explanation for the lack of impact on teacher candidates’
perceptions regarding the classroom management simulation task is that most studies on
mental rehearsal examine the impact of repeated mental rehearsals and practice
opportunities on participants’ stress levels. In the Arora et al. study (2011a), participants
completed five rounds of mental rehearsal and simulated laparoscopic surgeries. Their
performance at the simulated task was averaged across the five sessions. Thus, the
significant reductions in stress that the authors find are likely because participants
completed multiple sessions of mental rehearsal and practice sessions. Thus, it is possible
that for mental rehearsal to significantly reduce stress levels, participants need to engage
in mental rehearsal a few times. In addition, previous work has suggested that self-report
measures may not accurately capture reductions in stress levels, particularly before
participants have had an opportunity to complete the task that is targeted through mental

rehearsal. Further research examining the efficacy of mental rehearsal in improving pre-
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service teachers’ perceptions around a high-stress task such as classroom management
should consider using physiological measures of stress including cortisol samples, heart-
rate monitors, etc.

In addition to estimating the impact of mental rehearsal on participants’ outcomes
as a stand-alone intervention, | examine whether the impact of mental rehearsal differs
based on whether or not teacher candidates were randomly assigned to receive coaching
supports between their simulator sessions. Results suggest that mental rehearsal offered
no added benefit over and above coaching, but for participants who were randomly
assigned to complete a self-reflection protocol without additional support, mental
rehearsal improved outcomes. Although pilot in nature, findings from this study suggest
that mental rehearsal can be a promising tool to improve performance and perceptions
related to classroom management during the preparation phase (even in the absence of
more traditional supports such as coaching that are used by preparation programs to
improve pedagogical skills). Future research should examine the contrast between mental
rehearsal and coaching to understand whether a low-cost, low-touch intervention can be
used in place of more resource-intensive supports such as coaching.

Conclusion

Overall, this study provides important evidence on the efficacy of cognitive
appraisal strategies such as mental rehearsal in improving performance and perceptions
related to classroom management, which is an area that novice teachers consistently
report feeling underprepared and overwhelmed by. Teacher preparation needs more
empirical evidence on what supports can be used to move some of the “on-the-job”

learning to the preparation phase. By examining the efficacy of mental rehearsal both as
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an individual support as well as in conjunction with coaching, this paper provides useful
evidence that preparation programs can use to integrate cognitive appraisal strategies into
more complex teaching tasks that pre-service and novice teachers often report struggling
with. Additionally, this study leverages simulated teaching practice opportunities, which
is a growing area of research in the pre-service teacher preparation context. More
research is needed to understand the mechanisms by which mental rehearsal improves
performance, perceptions and a combination of the two. Although it is beyond the scope
of this experimental study, future work should qualitatively examine whether mental
rehearsal improves feelings of preparedness to redirect off-task student behavior, or
whether teacher candidates felt less anxious about their upcoming simulator session after
completing mental rehearsal. It is clear from these results that mental rehearsal does not
improve stress or self-efficacy beliefs in the short team, but it is possible that repeated
mental rehearsal practice can significantly reduce stress and improve feelings of
preparedness and readiness to tackle a disruptive classroom environment. This study
provides promising evidence on the role of mental rehearsal in teacher preparation, and
provides directions for future work on examining how cognitive strategies can be used to
improve performance and perceptions during the preparation phase, ultimately leading to

a higher quality teaching workforce.
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Figure 8

Experimental Design and Study Protocol
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Figure 9

Theory Of Change for Mental Rehearsal Intervention
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Figure 10

Improvements in Overall Quality Score by Mental Rehearsal Condition
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Figure 11
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Figure 12

Improvements in Overall Quality Score by Mental Rehearsal and Coaching Conditions
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Figure 13

Improvements in Self-Efficacy Beliefs in Classroom Management by Mental Rehearsal
and Coaching Conditions
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Table 11

Descriptive Statistics by Mental Rehearsal Condition

Mental
Control  Rehearsal
group group Raw Glass's
Pre-treatment Covariate Mean Mean Difference  Delta p N
GPA 3.37 3.39 0.02 0.01 094 112
% Either parent a teacher 0.36 0.35 -0.01 -0.02 094 112
% Mother education- college or
above 0.48 0.56 0.07 0.18 0.24 112
% Father education- college or above 0.68 0.69 0.00 0.04 096 112
% Female 1.05 1.10 0.05 0.13 048 112
Average Age 20.64 20.01 -0.62 -0.08 0.60 112
% White 0.59 0.66 0.07 0.15 043 112
Location of high school attended
% Rural 0.02 0.00 -0.02 -0.13 032 112
% Suburban 0.20 0.20 0.00 0.00 0.97 112
% Urban 0.76 0.79 0.02 0.07 0.73 112
Average SES of high school attended
% Low SES 0.02 0.00 -0.02 -0.13 0.32 112
% Middle SES 0.09 0.08 -0.02 -0.13 033 112
% High SES 0.56 0.44 -0.12 -021 011 112
Majority race of high school attended
% Primarily students of color 0.02 0.00 -0.02 -0.13 032 112
% Mixed 0.07 0.07 0.00 0.00 1.00 112
% Primarily white students 0.32 0.31 -0.01 0.00 092 112

Average achievement level of high
school attended
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% Primarily low achieving 0.02 0.00 -0.02 -0.13  0.32 112

% Primarily middle achieving 0.49 0.49 0.00 0.00 095 112
% Primarily high achieving 0.49 0.51 0.02 0.07 075 112

Baseline performance outcomes
Overall Quality Score 2.14 1.94 -0.20 -0.19 021 112
Timeliness of Redirections 16.95 15.37 -1.58 -0.19 025 112
Proportion of Specific Redirections 0.17 0.13 -0.04 -0.14 043 112
Succinctness of Redirections 28.62 30.54 1.93 0.33 0.08 112

Baseline survey outcomes (post-coaching)
Self-Efficacy- Classroom

Management 5.75 5.32 -0.43 -0.31 0.08 112
Behavior Ratings Scale 2.86 2.93 0.07 0.13 047 112
Punitive Management Approaches

Scale 491 5.13 0.22 0.13 050 112

Note. Demographic information comes from surveys administered to the teacher candidates and undergraduate participants. Each row represents results from a separate
regression with the same right-hand side specification but a different baseline covariate as the dependent variable. Models include controls for randomization blocks. Glass’
Delta was calculated using the mean difference between the control group and mental rehearsal group, and then dividing the result by the standard deviation of the control
group. | also conducted a multivariate regression model for all 21 dependent variables, predicted by treatment status: F(21, 55) =1.60, Prob > F = 0.838. The only covariate
that was significantly different between the mental rehearsal group and the control group is self-efficacy beliefs at baseline. SES = socio-economic status. *p <.10. *p < .05.
**p <.
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Table 12

Factor Analysis and Reliability for Construct Measures

Dimension Number | Range | Chi-square | RMSEA | CFl | Reliability
of factors | of item and p- (alpha)
identified | loadings value

using
CFA
State Anxiety | 1 0.55- X2 (7) = 0.00 1.00 |0.85
1.22 6.69,p >
0.10
Oppositional/ | 1 0.22- X?(3) 0.128 0.975 | 0.83
Defiant 0.95 = 13.52,p
Behavior < 0.05
Ratings
Self-efficacy |1 0.91- X? (13) 0.04 0.99 |0.94
for classroom 1.33 =19.25,p
management > 0.10
Table 13
Longitudinal Results of Impact of Mental Rehearsal on Teacher Candidates’
Outcomes
Adjusted
Means at  Adjusted
Follow-up  Means at
Adjusted 1 (after  Follow-up
Means at Mental 1 (after
Baseline  Rehearsal) Coaching)
1) 2) (©)
STAI
Mental Rehearsal Group - 11.79 -
- (19.18) -
Control Group - 11.27 -
- (19.22) -
Difference between Mental Rehearsal - 0.53 -
and Control Groups - (0.69) -
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Overall Quality Score

Mental Rehearsal Group 2.70 4.58 5.76
(0.12) (0.18) (0.19)
Control Group 2.95 3.78 5.44
(0.12) (0.19) (2.70)
Difference between Mental Rehearsal -0.25 0.81** 0.32
and Control Groups (0.18) (0.26) (0.27)
Timeliness of Redirections
Mental Rehearsal Group 15.10 10.78 7.07
(0.83) (0.61) (0.42)
Control Group 15.18 14.98 9.09
(0.84) (0.68) (0.56)
Difference between Mental Rehearsal -0.09 -4.20** -2.01**
and Control Groups (1.18) (0.93) (0.71)
Proportion of Specific Redirections
Mental Rehearsal Group 0.19 0.34 0.54
(0.03) (0.04) (0.04)
Control Group 0.19 0.16 0.47
(0.04) (0.03) (0.04)
Difference between Mental Rehearsal 0.00 0.18** 0.06
and Control Groups (0.05) (0.05) (0.06)
Succinctness of Redirections
Mental Rehearsal Group 30.78 25.09 16.73
(0.93) (1.18) (1.14)
Control Group 27.68 27.70 19.57
(0.98) (1.04) (1.31)
Difference between Mental Rehearsal 3.09* -2.62+ -2.83
and Control Groups (1.37) (1.57) (1.73)
Self-Efficacy for Classroom Management
Mental Rehearsal Group 6.07 6.24 6.49
(0.18) (0.13) (0.16)
Control Group 6.46 6.55 6.88
(0.18) (0.14) (0.11)
Difference between Mental Rehearsal -0.39 -0.30 -0.39+
and Control Groups (0.26) (0.20) (0.20)

Oppositional/Defiant Behavior Ratings
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Mental Rehearsal Group 2.48 - 2.25

(0.29) - (0.29)
Control Group 2.66 - 2.73
(0.29) - (0.30)
Difference between Mental Rehearsal -0.19 = -0.48*
and Control Groups (0.20) - (0.20)
Punitive Management Approach
Endorsements
Mental Rehearsal Group 4.71 - 4.49
(0.85) - (0.79)
Control Group 5.09 - 4.79
(0.84) - (0.81)
Difference between Mental Rehearsal -0.38 - -0.30
and Control Groups (0.52) - (0.53)
Randomization blocks X X X
Covariates X X X
Coaching condition X X X

Note. Adjusted control group means and clustered standard errors (in parentheses) are reported in Column (1). Coefficients and clustered standard errors
are reported in Columns (2) through (4) represent mean adjusted differences between Time 1 and Time 2, Time 2 and Time 3 and Time 3 and Time 1 for
control and mental rehearsal conditions. Coefficients are taken from separate regressions of the outcome on intervention assignment and time variable.
All models include controls for randomization blocks, whether teacher candidate was above the age of 21 at baseline and coaching condition assignment.
I include missing data indicators in cases where respondents have missing pre-treatment covariates. Glass” Delta was calculated using the mean
difference between the control group and mental rehearsal group, and then dividing the result by the standard deviation of the control group fp <.10. *p
<.05. **p <.01.
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Table 14

Longitudinal Results of Impact of Mental Rehearsal and Coaching on Teacher
Candidates’ Outcomes

Adjusted

Means at
Adjusted Follow-
Means at up 1

Adjusted Follow-up 1 (after
Meansat  (after Mental Coaching

Baseline Rehearsal) )
@) (2) 3)
STAI
Mental rehearsal condition, coaching 16.71 - -
group (2.13) - -
Control condition, coaching group 17.21 - -
(2.33) - -
Difference between Mental Rehearsal -0.49 - -
and Control Groups (1.00) i i
Mental rehearsal condition, self- 16.28 - -
reflection group (2.29) - -
Control condition, self-reflection group 14.77 - -
(2.42) - -
Difference between Mental Rehearsal 1.50 = =
and Control Groups (0.97) - -
Overall Quality Score
Mental rehearsal condition, coaching 2.88 5.02 6.89
group (0.44) (0.48) (0.49)
Control condition, coaching group 3.24 3.92 6.93
(0.41) (0.46) (0.45)
Difference between Mental Rehearsal -0.36 il AlOp=s -0.04
and Control Groups (0.24) (0.36) (0.34)
Mental rehearsal condition, self- 2.88 4.51 5.13
reflection group (0.44) (0.49) (0.46)
Control condition, self-reflection group 2.97 3.94 4.42
(0.40) (0.46) (0.45)
Difference between Mental Rehearsal -0.08 0.56 0.70*
and Control Groups (0.22) (0.38) (0.34)
Timeliness of Redirections
Mental rehearsal condition, coaching 12.69 8.80 3.77
group (2.17) (2.97) (1.83)
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Control condition, coaching group 11.78 12.21 3.84

(2.06) (2.11) (1.80)
Difference between Mental Rehearsal 0.91 -3.41* -0.07
and Control Groups (1.57) (1.36) (0.74)
Mental rehearsal condition, self- 13.48 8.57 6.09
reflection group (2.18) (2.03) (1.95)
Control condition, self-reflection group 14.31 13.40 9.72
(2.62) (2.02) (1.97)
Difference between Mental Rehearsal -0.83 -4.82** -3.63**
and Control Groups (L.77) (1.28) (1.13)
Proportion of Specific Redirections
Mental rehearsal condition, coaching 0.23 0.41 0.74
group (0.11) (0.13) (0.12)
Control condition, coaching group 0.27 0.19 0.73
(0.11) (0.11) (0.12)
Difference between Mental Rehearsal -0.04 0.21* 0.01
and Control Groups (0.07) (0.07) (0.08)
Mental rehearsal condition, self- 0.21 0.34 0.41
reflection group (0.12) (0.13) (0.12)
Control condition, self-reflection group 0.23 0.22 0.33
(0.12) (0.11) (0.12)
Difference between Mental Rehearsal -0.02 0.12+ 0.08
and Control Groups (0.06) (0.07) (0.09)
Succinctness of Redirections
Mental rehearsal condition, coaching 28.79 21.02 9.18
group (2.99) (3.15) (3.21)
Control condition, coaching group 25.40 26.68 9.16
(2.66) (3.00) (2.62)
Difference between Mental Rehearsal 3.39* -5.66* 0.02
and Control Groups (1.66) (2.48) (1.76)
Mental rehearsal condition, self- 28.29 24.53 19.18
reflection group (2.68) (3.11) (3.00)
Control condition, self-reflection group 25.91 24.75 24.87
(2.92) (2.91) (3.41)
Difference between Mental Rehearsal 2.38 -0.22 -5.69*
and Control Groups (1.80) (1.98) (2.53)
Self-Efficacy for Classroom Management
Mental rehearsal condition, coaching 5.52 5.90 6.25
group (0.58) (0.53) (0.55)
Control condition, coaching group 5.96 5.78 6.36
(0.54) (0.50) (0.53)
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Difference between Mental Rehearsal -0.44 0.12 -0.11

and Control Groups (0.37) (0.26) (0.28)
Mental rehearsal condition, self- 5.54 5.57 5.73
reflection group (0.53) (0.53) (0.53)
Control condition, self-reflection group 5.93 6.26 6.37
(0.57) (0.58) (0.54)
Difference between Mental Rehearsal -0.38 -0.70* -0.64*
and Control Groups (0.33) (0.28) (0.28)
Oppositional/ Defiant Behavior Ratings
Mental rehearsal condition, coaching 2.98 - 231
group (0.31) - (0.29)
Control condition, coaching group 2.61 - 2.32
(0.24) - (0.25)
Difference between Mental Rehearsal 0.37+ = -0.02
and Control Groups (0.21) - (0.15)
Mental rehearsal condition, self- 248 - 2.25
reflection group (0.29) - (0.29)
Control condition, self-reflection group 2.66 - 2.73
(0.29) - (0.30)
Difference between Mental Rehearsal -0.19 - -0.48*
and Control Groups (0.20) - (0.20)
Punitive Management Approach
Endorsements
Mental rehearsal condition, coaching 4.91 - 431
group (0.82) - (0.80)
Control condition, coaching group 4.36 - 4.36
(0.78) - (0.82)
Difference between Mental Rehearsal 0.55 = -0.05
and Control Groups (0.45) - (0.51)
Mental rehearsal condition, self- 4.71 - 4.49
reflection group (0.85) - (0.79)
Control condition, self-reflection group 5.09 - 4.79
(0.84) - (0.81)
Difference between Mental Rehearsal -0.38 = -0.30
and Control Groups (0.52) - (0.53)
Randomization blocks X X X
Covariates X X X
Coaching condition X X X

Note. Adjusted control group means and clustered standard errors (in parentheses) are reported in Column (1). Coefficients and clustered standard errors
are reported in Columns (2) through (4) represent mean adjusted differences between Time 1 and Time 2, Time 2 and Time 3 and Time 3 and Time 1 for
control and mental rehearsal conditions. Coefficients are taken from separate regressions of the outcome on intervention assignment and time variable.
All models include controls for randomization blocks, whether teacher candidate was above the age of 21 at baseline. I include missing data indicators in
cases where respondents have missing pre-treatment covariates. Glass’ Delta was calculated using the mean difference between the control group and
mental rehearsal group, and then dividing the result by the standard deviation of the control group fp <.10. *p <.05. **p <.01.
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Appendix Table 1

Causal Replication Framework for the Direct Replication of Effects

Design

Assumptions For Study 1 ... ... Through Study &
Replication

assumptions R1. Treatment and outcome stability

(RI-R2) R2. Equivalence in the causal estimand

Individual S1. Unbiased identification of S1. Unbiased identification of
study effects effects

assumptions | S2. Unbiased estimation of S2. Unbiased estimation of
(S1-S3) effects effects

S3. Correct reporting of
estimators, estimands, and
estimates

S3. Correct reporting of
estimators, estimands, and
estimates

Source. Steiner, Wong, & Anglin, 2020; Wong & Steiner, 2018
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Appendix Table 2

CRF Assumptions Tested in Planned Causal Replication Study

R1. R2. S1. S2. S3.
Treatment/ | Equivalent | Identification | Estimation Reporting
Outcome Causal
Stability Estimand
Switching | Treatments | Participants | Balanced Robust over | Verified by
Replication | v/ v groups from | multiple reanalysis
Design Outcomes | Settings ¥ | the RCT v | model from
(Study 2 v Causal specifications | independent
vs. Study quantity v’ v reporter v/
3) Time v/
Multiple Treatments | Participants | Balanced Robust over | Verified by
Cohort v v groups from | multiple reanalysis
Design Outcomes | Settings v* | the RCT v | model from
(Study 1 Causal specifications | independent
vs. Study v quantity v v reporter v/
3) Time x
Conceptual | Treatments | Participants | Balanced Robust over | Verified by
Replication | v/ v groups from | multiple reanalysis
Design Outcomes | Settings * | the RCT v | model from
with Causal specifications | independent
different v quantity v v reporter v/
training Time v/
contexts
(Study 3
vs. Study
4)
Conceptual | Treatments | Participants | Balanced Robust over | Verified by
Replication | v/ v groups from | multiple reanalysis
Design Outcomes | Settings * | the RCT v* | model from
with Causal specifications | independent
different v quantity v’ v reporter v/
modes of Time v
delivery
(Study 3
vs. Study
5)
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Appendix A. Propensity Score Weighting for Replication Study 3 and Study 4
Procedures used for Estimating Propensity Weights
Across studies 3 and 4, there are four groups of participants. We note each of the four
groups using two indices: the first is the study index (with values 0 for the group of
teacher candidates in study 3 and 1 for the group of undergraduate students in study 4)
and the second index is assignment to the coaching condition (noted as 1) or self-
reflection condition (noted as 0). The four resulting groups as follows:
Y (0,0), teacher candidates in study 3 randomly assigned to self-reflection
Y (0,1), teacher candidates in study 3 randomly assigned to coaching
Y (1,0), undergraduate participants in study 3 randomly assigned to self-reflection
Y (1,1), undergraduate participants in study 3 randomly assigned to coaching
Given a set of N observations where each observation is coded as a member of one of the
four groups [(0,0); (0,1); (1,0) (1,1)], we fit a multinomial regression model where the
probabilities of membership in each of the four groups is as follows:
Pr (M; = (0,0)) = 1 — (Pr (M; = (0,1)) + Pr (M; = (1,0)) + Pr (M,(1,1))

exXp [Xiﬁ(o,l)]
1+ exp [Xiﬁ(o,n] + exp[Xi,B(l,O)] + exp [X;B1,1)]

Pr (M; =(0,1)) =

exXp [Xiﬁ(l,o)]
1+exp [Xiﬁ(o,n] + exp[Xi,B(l,O)] + exp [X;B1,1)

Pr (M; =(1,0)) =

exp [Xiﬁ(1,1)]
1+exp [Xiﬁ(o,n] + exp[Xi,B(l,O)] + exp [X;B1,1)

Pr (M; =(1,1)) =
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Where each is a set of coefficients that relate the matrix of covariates, X , to group
membership.
The weight for each case was then defined as the inverse of the estimated probability of

membership to the case’s observed group as given below:

( 1 . _
Pr(M; = (0,0)) if M; = (00)
1
~ if M; = (0,1)
s Pr(M; = (0,1))
Pr(M; = (1,0)) i M; = (1.0)
pr(i, = ) M= @D

Next, we estimate the means for each group with a weighted regression that also includes
the covariates X, Y(M) using Stata’s teffects command with the inverse propensity
weighting and regression adjustment (ipwra) procedure testing weighted potential
outcome means. For the propensity weighting process, we used several covariates,
including indicator variables for whether participants were female, over the age of 21,
White, attended an urban high school, attended a high school where students were high
achieving, attended a high school average SES and continuous variables for participants’
baseline self-efficacy beliefs, multicultural attitudes towards teaching and beliefs
regarding culturally-responsive teaching. These covariates were also included in the
regression model used to produce weighted means.

Results of Propensity Weighting
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Table B1 displays standardized differences raw between the undergraduate sample in
Study 3 and teacher candidate sample in Study 4 prior to and after propensity score
weighting, using the teacher candidate sample as the reference group. Across the
covariates, standardized differences in just four (% age above 21, % of participants who
attended an urban high school), overall self-efficacy beliefs and average culturally
responsive teaching self-efficacy beliefs fall within the acceptable magnitude of 0.10. All
raw standardized differences for the remaining covariates are 0.10 or greater. Using
propensity score weighting, all standardized differences of covariates in Table B1 are less
than 0.03 and there acceptable by convention.

Appendix Table 3

Standardized Raw Differences between Study 3 and Study 4

Before After
weighting weighting
Standardized raw difference
% Female 0.16 -0.02
% Over the age of 21 0.05 0.02
% White -0.12 -0.02
Location of high school attended
% Urban -0.08 -0.02
Average SES of high school attended
% Middle SES -0.17 0.00
Average achievement level of high school
attended
% Primarily high achieving -0.18 0.00
Self-efficacy Beliefs (overall) 0.09 0.03
Self-efficacy Beliefs (classroom management) 0.10 0.03
Teacher Multicultural Attitudes score -0.13 -0.02
Culturally Responsive Teaching Self-efficacy
score 0.09 0.01
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Appendix Figure 1.

Improvements in Timely Redirections by Mental Rehearsal Condition
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Appendix Figure 2.

Improvements in Proportion of Specific Redirections by Mental Rehearsal Condition
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Appendix Figure 3.

Improvements in Succinctness of Redirections by Mental Rehearsal Condition
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Appendix Figure 4.

Improvements in Timeliness of Redirections by Mental Rehearsal and Coaching
Conditions
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Appendix Figure 5.

Improvements in Proportion of Specific Redirections by Mental Rehearsal and Coaching
Conditions
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Appendix Figure 6.

Improvements in Succinctness of Redirections by Mental Rehearsal and Coaching
Conditions
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Appendix Table 4.

Cross-sectional results of impact of mental rehearsal on teacher candidates’ outcomes at time 2

Regression- Mental Rehearsal/ Control difference
Adjusted Control
Group
Mean Coefficient Coefficient Coefficient Coefficient Coefficient Glass'
(SD) (SE) (SE) (SE) (SE) (SE) Delta N
1) (2) 3) 4) 5) (6)
Coded Performance Outcomes
Overall Quality Score 3.95 0.79** 0.79** 0.78** 0.80** 0.73** 0.65 105
(0.51) (0.25) (0.25) (0.26) (0.26) (0.25)
Timeliness of
Redirections 13.90 -3.87** -3.87** -3.93** -3.68** -3.85** -0.77 105
(2.20) (0.92) (0.92) (0.97) (0.97) (0.93)
Proportion of Specific
Redirections 0.18 0.14* 0.14* 0.13* 0.13* 0.15** 0.65 105
(0.12) (0.05) (0.05) (0.05) (0.05) (0.05)
Succinctness of
Redirections 28.99 -3.22* -3.21* -2.60 -3.28* -2.81+ -0.47 105
(3.73) (1.60) (1.60) (1.64) (1.61) (1.54)
Pre-simulation Survey Outcomes
Self-efficacy in 6.24 -0.39* -0.40% -0.38+ -0.26 -0.28 044 105
Classroom
Management (0.39) (0.20) (0.20) (0.20) (0.18) (0.18)
STAI- Totaled 15.01 0.29 0.28 0.56 - 0.53 0.06 105
(1.75) (0.69) (0.68) (0.69) - (0.69)
Randomization blocks X X X X X
Coaching condition X X X X
Covariates X X X
Baseline outcomes X X
Interactor controls X
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Coach controls X

Note. Adjusted control group means and clustered standard errors (in parentheses) are reported in Column (1). Coefficients and clustered standard errors are reported in Columns (2) through (6) represent mean adjusted
differences between control and mental rehearsal conditions. Coefficients are taken from separate regressions of the outcome on intervention assignment. Model 1 includes controls for randomization blocks, Model 2
adds controls for whether teacher candidate was above the age of 21 at baseline and pretest outcome measures including an overall quality score, proportion of specific redirections, timeliness of redirections and
succinctness of redirections. | include missing data indicators in cases where respondents have missing pre-treatment covariates. Glass’ Delta was calculated using the mean difference between the control group and

mental rehearsal group, and then dividing the result by the standard deviation of the control group fp <.10. *p <.05. **p <.01.
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Appendix B: Mental Rehearsal Script

Below is a quick overview of the classroom norms and expectations task to jog your
memory on what to expect in the scenario. As you read the overview, it would be
helpful to imagine that you are in the simulator and use your memory of the

summer/fall session you completed to help you follow the script.

Imagine that you are practicing the classroom norms scenario. At the start of the
simulator session, take a couple of seconds for introductions. Since it’s the first day of
school, this will give you and the student avatars a chance to know each other before
diving into the discussion. Keep the introduction brief to spend as much time on the
norm setting discussion as possible. You may also choose to skip introductions, if you

already feel comfortable beginning the discussion with the student avatars.

Explain to the student avatars that today you will be having a discussion on setting
class norms and expectations that help you work as productive learning community.
You should also make clear that the student avatars will decide on these norms

collaboratively.

As you facilitate the discussion, remember to pay attention to how student avatars in

the classroom are behaving, in addition to moving the norm-setting discussion

forward. If a student is off-task, bring them back to the discussion by responding to
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them in a timely manner. The sooner you address off-task behavior, the sooner you
will be able to re-engage the student avatar in the classroom discussion and prevent the

behavior from escalating.

The best way to stop off-task behavior in the classroom is to provide the student with
clear, concise, and specific instructions about what they are doing that is off-task and
how they can engage effectively in the activity. You can explicitly tell the student
avatar to stop the particular off-task behavior, as well as tell them what kind of
behavior you would like them to display. Use as few words as possible so you can
avoid detracting from the norm-setting discussion and drawing attention to the off-task
student behavior. The goal is to help the student understand exactly what you are

asking them to do and to bring them back to the discussion immediately.

Although it can be frustrating when students engage in off-task behaviors, remember
to remain warm but firm while redirecting the off-task behavior. Doing so will ensure
a positive classroom environment, prevent the off-task behavior from escalating and

not take time away from the collaborative discussion.

Your goal is for the class to generate at least three behavioral expectations and provide
rationale for each by the end of the five-minute simulation. Remember that while it’s

important to keep the discussion brief and focused so that you can generate the three
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expectations, you also want to make sure the students get a chance to talk about why

these specific expectations will help make the classroom productive and safe.

You will have five minutes to practice in the simulator, following which there will be
a five-minute break. During this break, you will either complete a self-reflection
protocol or receive feedback from a coach. As a reminder, regardless of whether or not
you complete a self-reflection protocol or receive feedback from a coach, we are not
evaluating your performance! We are just trying to understand the best ways to

support teacher candidates' learning in a simulated setting.

Don’t be nervous, the next simulation will feel a lot easier since you have some
y

practice from the summer/fall. Good luck!
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Appendix C: Structural Equation Models

In addition to fitting regression models to estimate the causal impact of mental
rehearsal on teacher candidates’ performance and perception outcomes in the simulator, I
also use a structural equation modeling framework. SEM models allow for repeated
measures of my variables of interest, to study direct and indirect effects of mental
rehearsal on teacher candidate outcomes, and most importantly, to account for
measurement error using latent variables (Bollen & Noble, 2011; Kline, 2011).

Model specification and refinements. The initial structure model hypothesized
in Appendix Figure 7 was analyzed using SEM in STATA. The initial SEM model was
based on theoretical expectations the regression models presented in Equations 1, 2 and
3. Using Goodness-Of-Fit (GOF) measures, model refinement was performed to improve
the fit to recommended levels. The final model fitting for teacher candidates’ stress
levels, self-efficacy beliefs and performance outcomes based on essential GOF measures
is adequately supported. Although the model has a significant chi-squared, both the root
mean squared error of approximation ( RMSEA) and comparative fit index ( CFl ) are
excellent. Specifically, the RMSEA value of 0.051 suggests that the final model cannot
be rejected at the 95% confidence interval. The CFI value of 0.95 also provides strong
evidence that the fit between the measurement model and the data is acceptable (Jin et al.,
2007; Molenaar and Washington, 2000; Wood and Ellis, 2005).

Reliability of constructs. As highlighted in the text in the main paper and

presented in Table 12, I used Cronbach’s alpha to determine the reliability of each of the
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constructs used in the SEM model. For Cronbach’s alpha, a cut-off value of 0.7 indicates
acceptable level of internal consistency. As seen from Table 12, the attributes measuring
stress, self-efficacy beliefs and behavior ratings in the final SEM model resulted in high
degree of reliability above the cut-off value of 0.7.

Results of SEM model. Figure B1 depicts the final cross-sectional model used to
examine the impact of mental rehearsal on participants’ performance and perception
outcomes after deleting paths that are not of interest in this paper. As seen, all of the path
coefficients from the SEM model trend in the same direction as the regression model
results, and they follow the same statistical significance patterns.

Teacher candidates’ performance and perceptions at time 2. The SEM results
(presented in Figure B1) suggest that participants who completed the mental rehearsal
protocol prior to simulation sessions at Time 2 saw an increase in their stress levels
(approximately 0.6 points on the STAI measure) compared to participants in the control
condition, as well as a slight decrease in their self-efficacy beliefs in classroom
management (about 0.24 points). In addition, candidates in the mental rehearsal condition
saw a significant improvement in their instructional skills in the simulator at Time 2,
immediately after they completed the mental rehearsal protocol. Specifically, mental
rehearsal significantly increased participants’ overall quality score by approximately 0.71
points, improved the timeliness of redirections so that candidates reacted about 4 seconds
faster to student avatar behaviors than their peers in the control group and increased the

proportion of specific redirections that teacher candidates provided in reaction to student
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avatar behaviors (an increase of about 17%). In addition, teacher candidates in the mental
rehearsal condition provided more succinct redirections in that their redirections lasted
approximately 3 seconds lesser than redirections provided by control group participants,
although this difference is not statistically significant.

Teacher candidates’ performance and perceptions at time 3. At Time 3 (after
participants have either completed the self-reflection protocol or received coaching
depending on the condition to which they were randomly assigned), Figure B1 shows that
mental rehearsal did not have a significant impact on any of the outcomes of interest
(either performance or perception). Although mental rehearsal did continue to influence
participants’ performance outcomes in that they scored higher on the measure of overall
quality score by 0.07 points, provided 13% more specific redirection and took
approximately 2 seconds lesser on average to redirect student avatar behavior, none of
these coefficients were significant with a p-value <0.10. From Figure B1, it also appears
that while mental rehearsal did not have a significant impact on either participants’ self-
efficacy beliefs in classroom management or their endorsement of punitive management
approaches at Time 2, participants in the mental rehearsal condition did rate student
avatars as displaying oppositional/defiant behaviors to a significantly lesser extent (about
0.23 points).

Overall the results support the hypothesis that mental rehearsal is a useful tool at
improving participants’ instructional performance in the simulator, and corroborate

results from the regression models presented in Equations 1-3. At Time 2, immediately
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after participants who were randomly assigned to the mental rehearsal condition
completed the protocol, there was a significant and positive relationship between mental
rehearsal and performance outcomes including overall quality score (coefficient=0.71,
p<0.01), timeliness of redirections (coefficient=-3.98, p<0.01), proportion of specific
redirections (coefficient=0.17, p<0.01) and succinctness of redirections (coefficient=-
2.45, p>0.10). This finding supports hypothesis 2. However, the lack of association
between mental rehearsal and self-efficacy beliefs (coefficient=-0.24, p>0.10) and mental
rehearsal stress (coefficient=0.06, p>0.10) suggests that mental rehearsal did not
effectively reduce stress or improve teacher candidates’ confidence in their own ability to
manage a disruptive classroom environment.

At Time 3, results suggest that the positive impact of mental rehearsal on teacher
candidates’ performance outcomes “watered down” in that although participants who
completed the mental rehearsal protocol scored higher on the overall measure of quality,
provided more timely and succinct redirections and provided a greater proportion of
specific redirections, these associations were not statistically significant and were likely
because some participants in the mental rehearsal condition also received five minutes of

face-to-face coaching in between simulator sessions at Time 2 and Time 3.
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Appendix Figure 7

Final Structural Equation Model
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