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Abstract 

Background Many studies have shown that ambitious, “student centered” approaches to STEM instruction benefit 
K-12 student learning. However, relatively little research has systematically investigated the learning processes that 
support teachers to skillfully enact these challenging pedagogies. In this study, we used a mixed-methods, case-
comparison design to examine one kind of teacher learning routine, Mental Simulations for Teacher Reflection (MSTR), 
for advancing robust teacher learning in the context of one mathematics-focused instructional coaching interven-
tion. Specifically, this study draws from a large, state-wide representative dataset to select carefully matched, con-
trasting cases to analyze the quality of coach–teacher conversations for teachers who showed very similar baseline 
instructional quality but then large differences in levels of improvement. We began by qualitatively coding detailed 
transcripts from selected coach–teacher pairs as they reflected on lesson artifacts (i.e., lesson plans, student work, and 
coach observations) using MSTR as an analytical lens. Next, quantitative analyses were conducted to determine the 
extent to which mental simulations characterized significant differences in the conversations of high- vs. low-instruc-
tional growth pairs. Lastly, additional qualitative analyses explored finer-grain distinctions in the quality of mental 
simulation talk in high- vs. low-growth pairs.

Results Quantitative analyses showed high-growth pairs were significantly more likely to engage in mental simula-
tion talk compared to their low-growth counterparts. Moreover, the high-growth pairs were much more likely to 
initiate (i.e., raise an instructional ambiguity or problem for discussion) as well as complete (i.e., generate and weigh 
alternative instructional strategies) a MSTR routine. Qualitative analyses further revealed that engaging teachers’ in-
depth pedagogical reasoning to connect specific teaching moves to conceptual learning goals in mental simulations 
was a key distinction of the high-growth coaches.

Conclusions These findings indicate MSTR captured meaningful variation in coaching quality in this context. Nota-
bly, all coaches discussed the same instructional topics with teachers (i.e., teaching–learning goals and dimensions) 
and engaged in the same training that did not explicitly include MSTR, suggesting the possibility that MSTR captured 
a more implicit process of effective coaches. This study thus offers insight into the ‘black box’ of teacher learning and 
how it can be supported in similar professional learning contexts.

Keywords Teacher professional learning, Mental simulations, Instructional coaching, Adaptive expertise

Introduction
Designing and facilitating professional learning expe-
riences that enable STEM teachers to transform 
entrenched practices and skillfully enact new kinds of 
instruction is a long-standing challenge (Kennedy, 2016; 
Tharp & Gallimore, 1991). This challenge has accrued 
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renewed significance as STEM learning reform efforts 
to implement student-centered instructional approaches 
have gained momentum across international con-
texts (Garrett et al., 2019; Resnitskaya & Gregory, 2013; 
Wilkinson et  al., 2015). These instructional approaches 
emphasize engaging students in authentic, inquiry-
focused dialogue to collectively construct meaning and 
build robust conceptual knowledge. Such instruction 
is complex because it requires teachers to elicit and 
respond to students’ emergent thinking, which makes 
teaching a dynamic process rather than a scripted or for-
mulaic act (Kavanagh et al., 2020b).

However, the bulk of STEM classroom activity is still 
characterized by teacher-centered practices that many 
believe undermines students’ opportunities to deeply 
engage with academic concepts and tasks (Tekkumru-
Kisa et al., 2018). Not only are teacher-centered practices 
and routines strongly embedded in mainstream STEM 
education and therefore resistant to change, but student-
centered models also require a sophisticated level of 
knowledge and adaptive skill that many teachers struggle 
to develop (Sun & van Es, 2015; Wells & Arauz, 2006). 
A number of teacher professional learning approaches 
have emerged to address this challenge, such as video 
clubs (e.g., Sherin & van Es, 2009), instructional coach-
ing (e.g., Fishman et al., 2017), and professional learning 
communities (e.g., Prenger et  al., 2019), all built on the 
premise that teachers learn best when they are supported 
to reflect, discuss, and experiment in authentic and col-
laborative contexts.

Such interventions can be effective for improv-
ing instruction, but there is also substantial variation 
in program designs (Garrett et  al., 2019) such that the 
implementation of even well-specified professional 
development protocols vary significantly across facilita-
tors (see, e.g., Downer et al., 2009). Importantly, variation 
in teaching and learning outcomes of teacher profes-
sional learning interventions is often underexplored, lim-
iting our knowledge of how and why some programs and 
features are effective for transforming STEM teaching 
practice and others are not (Kraft et  al., 2018; Osborne 
et al., 2019).

One underlying issue is insufficient attention to teacher 
learning mechanisms—i.e., the interactional processes 
driving teachers’ learning—that connect teaching out-
comes to a larger theory of change (Kavanagh et  al., 
2020a; Kennedy, 2016). Especially missing is research to 
investigate links between specific features of teacher dis-
course processes during professional learning experiences 
(e.g., coach–teacher reflective dialogues) and evidence of 
individual change in teacher knowledge or practice (Lef-
stein et al., 2020). If the goal is to develop STEM teach-
ers’ adaptive skill for noticing and responding to varying 

student thinking, how do we conceptualize the cognitive 
processes that support teachers in developing this kind of 
expertise? What specific yet flexible routines can advance 
this learning in professional development practice? The 
present study explores these questions by applying cog-
nitive perspectives that have been extensively studied 
and supported in other domains (e.g., student learning 
and expert-novice comparative research) to the study of 
STEM teacher learning and development. Specifically, we 
aim to contribute to a theory of teacher learning by iden-
tifying and examining one theory-based interactional 
routine in instructional coaching (i.e., Mental Simula-
tions for Teacher Reflection) to support teachers’ learn-
ing of ambitious, student-centered math instruction. We 
propose that theory-guided empirical investigation into 
the ‘black box’ of teacher learning and development can 
provide new insights into what makes for more effective 
teacher learning interventions.

Theoretical background
Challenges to facilitating ambitious, student‑centered 
instruction
Approaches to classroom education are often charac-
terized in broad terms as a dichotomy between teacher-
centered practices that cast teachers as purveyors and 
students as recipients of knowledge, and student-cen-
tered approaches that emphasize students and teachers 
as co-constructors of knowledge (Gallimore & Tharp, 
1990). Some debates remain about the relative mer-
its of teacher- vs student-centered practices on more 
nuanced levels (e.g., linked to specific kinds of learning 
tasks or content, see Kirschner et al., 2006; Zhang et al., 
2022). Most recently, however, the bulk of instructional 
quality research and student achievement standards 
emphasize the advantages of student-centered instruc-
tional approaches for supporting robust STEM learning 
in classrooms (Stein et al., 2015; Windschitl et al., 2008). 
Moreover, teachers are typically well-versed in teacher-
centered forms of instruction (Kennedy, 2016). Thus, the 
present study is focused specifically on teacher learning 
mechanisms and routines that support teachers’ transi-
tion to student-centered approaches to STEM teaching.

Rooted in constructivist learning theory, student-cen-
tered models are characterized by teaching practices that 
aim to elicit and leverage student ideas as the primary 
basis for lesson planning and enactment, and foster stu-
dents’ conceptual knowledge development by engag-
ing and scaffolding their thinking and reasoning around 
complex concepts and ideas (Resnick et al., 2015). Across 
STEM teaching, there is a common focus on supporting 
students to develop the conceptual knowledge and rea-
soning and argumentation skills to productively analyze 
and engage with core disciplinary concepts (Sun & van 
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Es, 2015). In math education, for example, standards for 
ambitious teaching include a greater focus on develop-
ing students’ conceptual understanding and mathematic 
reasoning skills and less focus on procedural accuracy 
(NCTM, 2000; Sun & van Es, 2015). Similarly, for ambi-
tious science and engineering teaching, advocates stress 
engaging students in the authentic inquiry practices such 
as generating hypotheses, collecting, interpreting, and 
assessing data, and constructing scientific explanations 
(Windschitl et al., 2008).

Optimally adapting one’s teaching moves and deci-
sions in response to live dialogue between multiple actors 
presents a steep challenge for novice and experienced 
teachers alike (Wells & Arauz, 2006). One aspect of this 
challenge is the degree of uncertainty or ambiguity inher-
ent to an instructional approach that primarily hinges 
on eliciting and responding to students’ in-the-moment 
thinking. Student-centered pedagogies in STEM are 
thus ‘ambitious’ in that they require teachers to quickly 
identify, interpret, and address significant instructional 
moments and dilemmas within a highly complex and 
volatile environment that many teachers (understand-
ably) struggle to navigate effectively (Lampert, 1985). The 
scope of this challenge is evidenced by research showing 
that teachers often assimilate new student-centered prac-
tices within existing classroom routines and practices 
(e.g., I-R-E patterns of classroom talk), with the result 
being that traditional, teacher-centered approaches are 
functionally maintained (Lefstein et al., 2015).

One problem is that traditional approaches to teacher 
learning and professional development, long character-
ized by sporadic and decontextualized lecture-style work-
shops, were ineffective for meeting these new demands 
for teacher learning (Kennedy, 2016). In response, recent 
decades have seen a surge in research and development 
around ‘practice-based’ teacher learning programs that 
provide more robust and meaningful contexts for STEM 
teacher learning (Ball & Cohen, 1999; Hill & Papay, 2022).

Practice‑based learning to develop adaptive teaching 
expertise
To support teachers’ transition from teacher-centered 
to student-centered approaches, teacher learning 
research has emphasized situating teachers’ learning 
in authentic contexts (Borko et al., 2008). This research 
has led to a wide range of ‘practice-based’ programs 
that often feature collaborative learning environments 
with teacher groups or cohorts (see e.g., Borko, et  al., 
2011; van Es & Sherin, 2008) or individualized learn-
ing formats where teachers meet one-on-one with 
an expert coach or facilitator (see e.g., Murphy et  al., 
2018; Sedova et al., 2016). These approaches are organ-
ized around the central principle that effective teacher 

learning is fundamentally situated in the artifacts, 
practices, and discourses that comprise the profes-
sional knowledge and on-the-ground work of teaching 
(Greeno et al., 1996). Much research has explored ‘high 
leverage’ practices and features of such programs asso-
ciated with improved teaching and learning outcomes, 
including for example a strong focus on instructional 
content (e.g., particular science activities and concepts); 
opportunities for ongoing collaboration and practice; 
and the specification of teaching moves and routines 
linked to learning goals (Desimone & Pak, 2017).

However, a swell of research has also emerged in 
response to what some view as an over-emphasis on 
the ‘visible’ aspects of teaching (i.e., skills, routines, and 
behaviors) in practice-based programs at the expense 
of a greater focus on the goals, assumptions, and prin-
ciples that give meaning to those behaviors in practice 
(Kavanagh et  al., 2020a; Lefstein & Snell, 2013; Philip 
et al., 2019). When conceptualizations of effective teach-
ing become distilled into a set of ‘high-leverage’ prac-
tices, they can lead to an over-emphasis on teaching 
procedures that undermines the foundational principles 
of responsive teaching (Kennedy, 2016). This could in 
turn beget a view of expert teaching as akin to ‘routine 
expertise’, characterized by high efficiency to perform a 
standardized set of procedures but low ability to adapt 
to novel or volatile situations (Hatano & Inagaki, 1986). 
While procedural knowledge is important for adaptive 
teaching expertise, it is insufficient for flexibly and skill-
fully deploying teaching moves in response to shifting 
contexts for their function—the hallmark of student-cen-
tered teaching (Kavanagh et al., 2020a; Shulman, 1986).

The concept of adaptive expertise has therefore been 
invoked to describe expert performance for the kind 
of flexible and responsive professional practice neces-
sary for effective student-centered teaching (Hatano 
& Inagaki, 1986). Adaptive teaching experts “under-
stand when and why to use particular procedures and 
can associate them with a set of underlying goals that 
guide their use” (Ghousseini et  al., 2015, p. 464). Spe-
cifically, hinging one’s teaching moves and decisions on 
student learning (e.g., eliciting and leveraging student 
ideas; interpreting and scaffolding students’ conceptual 
knowledge development) requires the ability to flexibly 
and efficiently marshal the declarative (‘knowing what’), 
procedural (‘knowing how’) and conditional (‘know-
ing why and when’) knowledge relevant to a discipline 
(Bransford et al., 2005; Männikkö & Husu, 2019). With-
out incorporating conditional thinking based on student 
input, teacher learning that is only focused primarily 
on enactment (e.g., implementing ‘best practices’) may 
limit teachers’ opportunities to develop the professional 
judgement needed to successfully navigate the inherent 
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‘messiness’ or complexity of student-centered teaching 
(Lefstein & Snell, 2013).

Thus, central to a vision of adaptive teaching exper-
tise in STEM are the specialized thinking and reasoning 
processes that enable expert teachers to perceive, inter-
pret, and make well-informed in-the-moment decisions 
responsive to students (Kavanagh et al., 2020b; Sherin & 
van Es, 2009). These pedagogical reasoning processes, 
also described as the “thinking that underpins informed 
professional practice” (Loughran, 2019, p. 4), consti-
tute the core ‘mechanism’ through which teachers make 
professional judgements and decisions. Viewed this 
way, pedagogical reasoning processes are inextricable 
to expert teaching performance, as they are the invis-
ible cognitive ‘work’ that bind specific teaching actions 
and behaviors to more abstract pedagogical goals and 
meanings (Kavanagh et  al., 2020b). The significance of 
pedagogical reasoning also draws on the notion that 
STEM teaching practice always involves solving novel 
problems in dynamic contexts, where teachers face a 
constant stream of ambiguous situations or “pedagogi-
cal dilemmas” (Lampert, 1985) where they must “con-
sistently choose between alternative courses of action, all 
of which create new pedagogical dilemmas” (Kavanagh 
et al., 2020a, p. 3). To meet such demands, STEM teach-
ers must rely on well-practiced pedagogical thinking and 
reasoning skills to make choices that best support stu-
dent learning in uncertain or ambiguous situations.

Reflection as a mechanism for developing adaptive 
teaching expertise
Expertise research across domains (e.g., sports, music, 
chess) consistently emphasizes the critical role of pro-
fessional learning activities and resources that promote 
focused deliberation and analysis keyed to specific, core 
disciplinary goals and skills that underlie expert prac-
tice (e.g., Anders Ericsson, 2008). Thus, if the central 
challenge of adaptive teaching is defined in terms of 
responding to students in ways optimize their learning, 
implications for teacher learning include activities and 
routines designed to: (1) explicitly target the pedagogical 
reasoning processes involved in achieving specific learn-
ing goals; and (2) provide opportunities for teachers to 
engage socially in the processes that underlie productive 
decision-making in the face of uncertain or novel peda-
gogical dilemmas (Kavanagh et al., 2020a).

Decades of research on expert problem solving and 
deliberate practice further suggests the critical role of 
planning and reasoning through alternative scenarios and 
solution strategies for developing and sustaining growth 
in disciplinary skill and performance (Ericsson, 2006; 
Mosier et  al., 2018). Applied to teacher learning, these 
activities should thus also engage teachers’ hypothetical 

and counterfactual thinking to, for example, hypoth-
esize alternative strategies that could have been used to 
achieve better outcomes in past lessons (retrospective), 
as well as simulating ways to enact these alternatives 
when similar dilemmas arise in future lessons (prospec-
tive) (Bransford et al., 2005). But what are the more spe-
cific social and cognitive processes that facilitate this 
desired type of teacher learning (i.e., understanding the 
‘why’ and ‘when’ of student-centered teaching moves and 
routines) and how can they be supported in professional 
learning contexts?

Reflection on practice is often cited as a core mecha-
nism through which professional learning activities 
support teacher knowledge and skill development (Tan-
nebaum et  al., 2013; Zeichner & Liston, 1996). A rich 
body of scholarship has evolved to describe the processes 
through which reflection, particularly expert-guided 
reflection, is hypothesized to support teacher growth and 
change (Rodgers, 2002a; Schön, 1983). Similar to cogni-
tive perspectives on expertise, this research has stressed 
that as a mechanism for professional learning, reflection 
should be strongly tied to clear purposes (i.e., be goal 
driven) and concrete plans for future action (Beauchamp, 
2015; Rodgers, 2002b). That is, reflective inquiry is most 
robust when the goal is to discover new insights linked 
to a specific disciplinary issues, concepts, or practices 
and has explicit implications for change in behavior or 
performance.

In this sense, reflection is often seen as a bridge 
between theory and practice. In Schön’s (1983) influ-
ential work, the relationship between reflection and 
practice was further articulated on three levels that 
each accord with a particular type of deliberative think-
ing about classroom interactions: retroactive (reflec-
tion-on-action), anticipatory (reflection-for-action), or 
contemporaneous (reflection-in-action). During reflec-
tion-on-action, teachers can systematically decompose 
and study instructional moments and features they may 
have overlooked in the moment of activity and re-assess 
their teaching choices in light of shifting pedagogical 
goals or perspectives (Harlin, 2014). During reflection-
for-action, teachers can engage in counterfactual think-
ing and reasoning about the hypothesized impact of 
alternative teaching actions “based on their understand-
ing of (co-occurring) cause–effect relationships as well as 
any mediating processes” (Loughran, 1996; van der Lin-
den & McKenney, 2020, p. 709). In tandem, these reflec-
tive processes can therefore enable teachers to mentally 
rehearse and analyze planned future actions based on 
prior reflective insights and an informed understanding 
of the available courses of action and their potential tra-
jectories and impacts in practice.
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Notably, causal reasoning to infer and clarify potential 
causes and effects (what happened and why?) and mean-
ings (why is this significant?) is a central component of 
all levels of reflection that has important implications 
for expert judgement and decision-making. Research on 
expert chess players, for example, has shown that chess 
masters consistently engage in deliberative study of how 
and why certain move sequences led to better outcomes 
given key contextual details (de Groot, 1978; Ericsson, 
2006). Similarly, research on problem solving in dynamic 
and uncertain contexts has shown that experts regularly 
hypothesize potential causes and corresponding implica-
tions for best or ‘better’ alternative actions (Price et  al., 
2021).

In the context of teacher learning, significant chal-
lenges exist across all levels of reflection. Much research 
has shown, for example, teachers often struggle to notice 
the content of student thinking and ideas during reflec-
tion on past lessons and tend to superficially evaluate 
their teaching actions rather than reason in-depth about 
the impact of their choices on student thinking oppor-
tunities (Sherin & van Es, 2009; Sun & van Es, 2015; 
Tekkumru-Kisa & Stein, 2014). Beyond interpreting past 
interactions, it can be even more difficult to marshal 
these reflective processes to plan for future instructional 
situations and problems (i.e., reflection-for-action). These 
challenges thus call for a learning context that engages 
and scaffolds teachers’ reflective thinking about how to 
interpret, respond, and organize their teaching around 
student thinking and ideas.

Instructional coaching as a context for teacher reflection
Instructional coaching is one kind of model that can 
scaffold these reflective practices in teacher professional 
learning and has been shown to be effective for improv-
ing teaching and learning outcomes (Correnti et  al., 
2021; Fishman et al., 2017; Kraft et al., 2018; Matsumura 
et al., 2019; Resnitskaya & Wilkinson, 2015; Sedova et al., 
2016). In such coaching models, collaborative and expert-
guided reflection on teaching practice is widely cited as 
a core mechanism for supporting robust teacher knowl-
edge and skill development (Borko et al., 2008; Correnti 
et al., 2021; Sedova, 2017).  Specifically, coaching interac-
tions can, in theory, provide the opportunity for teachers 
to engage in reflection-on-and-for-action, building the 
kind of pedagogical reasoning and problem-solving skills 
needed to make responsive and informed classroom 
decisions (i.e., reflection-in-action).

Although a rich body of research has developed around 
the design, implementation, and evaluation of coaching-
based professional learning programs, we still have lit-
tle understanding of the specific routines and activities 
that distinguish coaching interactions that directly and 

consistently encourage this kind of teacher reflection. 
More specifically, relatively little is known about the 
kinds of interactional routines in coaching that develop 
teachers’ capacity to make responsive and well-reasoned 
instructional choices as opposed to a more surface-level, 
‘pro-forma’ adoption of new instructional techniques 
and routines (Lefstein et  al., 2015). Moreover, despite 
being near-universal in professional learning practice, 
what makes for productive reflection is often not well-
defined or rigorously studied as an empirical context 
for advancing specific teacher learning principles and 
change processes (Gaudin & Chaliès, 2015). These prob-
lems are underscored by the multitude of research show-
ing disappointing or mixed results across professional 
learning programs and instantiations (Major & Watson, 
2018; van der Linden et al., 2022). Finally, in contrast to 
the wealth of research on student learning, research on 
teacher learning more generally has lacked theorization 
and empirical study around the cognitive mechanisms 
that support robust teacher learning outcomes.

Mental simulations to build adaptive expertise in coaching
Here we propose a routine based on mental simulations 
that instructional coaches can use to directly and con-
sistently facilitate the kind of reflection that supports 
teachers to develop adaptive student-centered teach-
ing expertise. Grounded in cognitive research, mental 
simulations are a kind of ‘what-if ’ reasoning engaged to 
solve problems and hypothesize possible alternatives for 
future action (Christensen & Schunn, 2009; Landriscina, 
2015). Mental simulations operate as a form of reasoning 
based in the systematic manipulation of ‘mental models’, 
defined as representations of the causal relationships, 
dynamics, and processes embodied in a particular situa-
tion or domain. Mental models play a key role in human 
cognition and learning because they support understand-
ing, reasoning, and prediction (Gentner, 2002; Price et al., 
2021). For example, one’s representation of a particular 
situation (e.g., the nature of a student’s confusion about 
a topic) can guide future action (revisiting that topic) to 
attain desired outcomes (student comprehension).

The importance of simulation-based thinking in prob-
lem solving is evident in expertise research across disci-
plines. Ericsson’s influential work on deliberate practice, 
for example, asserts that a key mechanism for contin-
ued growth in expert performance is experts’ ability to 
generate and reason through the hypothetical impacts 
of alternative decisions and evaluate their relative mer-
its (Ericsson, 2006). Similarly, in their recent review of 
STEM experts’ naturalistic problem-solving processes, 
Price et  al. (2021) found that all experts they studied 
engaged in some form of mental simulations thinking to 
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“make predictions for dependencies and observables and 
interpret new information” (p. 12).

Critically, as pointed out by Price et  al. (2021), the 
kinds of ‘authentic’ problems faced by experts in com-
plex disciplines such as science and engineering are by 
nature ill-structured and ambiguous. Thus, a core com-
petency in experts’ practice is how to solve problems 
in situations of high uncertainty and incomplete informa-
tion. For example, one’s existing conception of a problem 
(mental model) might be too inaccurate or imprecise to 
enable effective judgement and action. Similarly, novel 
problems and dilemmas might arise in ways that chal-
lenge prior assumptions and problem-solving routines. 
In these cases, mental simulations can be used to reduce 
uncertainty and build knowledge by systematically think-
ing through counterfactual alternatives and generating 
conclusions about likely causes and effects.

We argue that mental simulations, as a means for clari-
fying and solving problems in situations of high volatility 
or uncertainty, is a particularly useful frame for charac-
terizing the pedagogical reasoning and decision-making 
process involved in facilitating student-centered teach-
ing. Other teacher learning researchers have similarly 
emphasized causal reasoning and inference in the context 
of teacher rehearsal and debrief discussions (e.g., thought 
experiments) that enables teachers to reason produc-
tively with partial knowledge (whether incomplete or 
imprecise) or counterfactuals to generate hypotheses that 
can be tested in future lessons (Keller et al., 2022; Mun-
son et  al., 2021). Building these kind of reasoning skills 
is important because it supports teachers to productively 
navigate ambiguous or open-ended situations (Forbus, 
2002) that are inherent to complex domains, including 
student-centered teaching. Moreover, the kind of ‘what 
if ’ reasoning in mental simulation also theoretically sup-
ports the development of more abstract or higher-level 
knowledge, as it requires the mind to infer information 
that is missing or not precisely known (Chen et al., 2019; 
Trickett & Trafton, 2007). Simulating the impacts of mul-
tiple alternatives by iteratively connecting specific moves 
and procedures to larger goals increases knowledge of 
the ‘what’ (declarative) the ‘why’ (conceptual) the ‘how’ 
(procedural) and the ‘when’ (conditional)—precisely the 
kind of knowledge organization and development impli-
cated in adaptive expertise (Carbonell et al., 2014).

As a teacher learning routine, mental simulation is 
located at the nexus of reflection-on and reflection-for 
practice. For example, in trying to understand how a 
classroom interaction went awry during reflection-on-
action, a teacher can be supported to consider and make 
explicit how they are interpreting the dynamics of that 
situation, including the causal and normative assump-
tions driving their inferences (i.e., elicit their existing 

‘mental model’). Once elicited, these assumptions can be 
critically interrogated, and counterfactual thinking about 
the causes and effects of alternative teaching assump-
tions and decisions can be hypothesized (i.e., generate 
alternative mental models) and systematically weighed 
against one another to inform decision-making (i.e., 
reflection-for-action). By constructing multiple alterna-
tive scenarios, teachers are also supported to generate 
more informed predictions and explanations when they 
encounter similar situations in the future (Trickett & 
Trafton, 2007).

Mental simulations for teacher reflection (MSTR)
Integrating these cognitive learning theory concepts with 
research on effective instructional coaching designs and 
interactional routines, we have developed a framework, 
termed Mental Simulations for Teacher Reflection or 
MSTR, that specifies the components of a mental simu-
lation routine aligned with mechanisms for developing 
adaptive teaching expertise (Walsh, 2021). MSTR espe-
cially builds on expertise research on the cognitive pro-
cesses involved in interpreting, clarifying, and resolving 
discipline-specific situations and problems, particularly 
in the context of dynamic spaces where no one perspec-
tive or solution strategy readily applies. For example, 
MSTR incorporates key components and processes asso-
ciated with naturalistic decision-making in expert prac-
tice (e.g., framing and interpreting problem types and 
sources; selecting and evaluating alternatives, see Price 
et al., 2021).

MSTR extends this research to the context coaching 
routines that support adaptive teaching expertise. Spe-
cifically, MSTR outlines three basic components needed 
for a mental simulation routine to support teachers to 
develop an integrated system of conceptual and proce-
dural knowledge for student-centered teaching and the 
pedagogical and counterfactual reasoning skills to rec-
ognize, interpret, and resolve discrepancies between 
learning goals and outcomes. These include: (1) estab-
lishing ambiguities; (2) proposing alternatives; and (3) 
weighing alternatives. The first component problematizes 
an aspect of teaching, establishing a kind of ambiguity 
related to past (enacted) or future (planned) instructional 
decisions: no teacher moves (alternatives) yet established 
for a situation; it is unclear whether the currently pro-
posed alternative will be successful; or that a variety of 
possible alternatives exist. The second component adds 
at least one possible teaching move or strategy to address 
the ambiguity, but often more than one. The third com-
ponent is iteratively applied to each alternative that is 
proposed, engaging in-depth reasoning about the relative 
merits of each proposed alternative relative to targeted 
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goals for students’ conceptual learning (see Table  1 for 
further description).

Research questions
In the current study, we empirically test the usefulness 
of the MSTR framework in accounting for variation in 
teacher learning outcomes in one instructional coach-
ing context focused on implementing a particular model 
for ambitious math instruction. Coaching conversations 
in this context were focused on two specific dimen-
sions of ambitious math instruction: (1) maintenance 
of cognitive demand in high-level tasks; and (2) explor-
ing and facilitating the public display of student thinking 
(described in greater detail below). Importantly, we first 
established that coaches in the study consistently discuss 
these dimensions of math instruction quality with fidel-
ity during the coaching sessions. Nonetheless, we found 
varying degrees of teacher ‘uptake’, as evidenced by cod-
ing of their classroom videos along these two dimen-
sions before, during, and after their participation in the 
coaching. For the present study, we analyzed transcripts 
of coaching dialogues, contrasting coach–teacher pairs in 
which teachers showed very little vs. high levels of uptake 
of the focal instructional practices. We explore whether 
there were systematic differences in the kinds of talk that 
occurred between ‘low’ vs ‘high’ growth pairs according 
to our MSTR framework (i.e., differed in the frequency 
and quality of observed mental simulation talk). Our 
research questions specifically ask:
RQ1: Are mental simulations more frequent in the 

coaching dialogues of high-growth teachers relative to 
low-growth teachers?

RQ2: Are particular components of mental simulations 
(establishing ambiguities, proposing alternatives, weigh-
ing alternatives) more frequent in the coaching dialogues 
of high-growth teachers relative to low-growth teachers?
RQ3: Are there qualitative differences in the men-

tal simulation talk that distinguish high- vs. low-growth 
coach–teacher pairs?

Methods
Study context
The current study was part of a larger project examin-
ing the impact of instructional coaching on the practice 
of grades 3–8 mathematics teachers throughout a multi-
year, state-wide coaching project in collaboration with 
the Tennessee Department of Education. A primary goal 
of the larger project was to design, test, and iteratively 
refine a model for mathematics instructional coaching 
developed by the Institute for Learning, a practitioner-
focused research program located at the University of 
Pittsburgh (Russell et  al., 2020). The coaching model 
involved repetitions of a Coaching Cycle that included 
four main stages (see Fig.  1). Coaches received exten-
sive training in the coaching model before and during 
implementation. The primary aims of the coach training 
focused on facilitating teachers’ use of complex mathe-
matical tasks, surfacing student thinking about the math-
ematics in the task, and orchestrating student-centered 
small-group and whole-class discussions to advance stu-
dents’ mathematical thinking (Stein et al., 2015).

Each coach was partnered with two to four teachers for 
the study. The coaches engaged in five coaching cycles, 
labeled Cycle A–E, with each teacher they were coaching. 
Each cycle was documented through audio recordings 

Table 1 MSTR components and descriptions

MSTR component Description

(1) Establishing ambiguities ‘Establishing Ambiguities’ situates the context or ‘problem space’ for the ensuing simulation discussion. In early stages of 
a coaching conference, this is typically achieved by the coach offering an initial problem statement or interpretation of 
the larger pedagogical issue or ‘dilemma’ represented by a particular lesson scenario, either planned (in the case of a Pre-
lesson conference) or actualized (in the case of a Post-lesson conference). This component lays the requisite foundation 
for a simulation discussion to even occur at all, as counterfactual thinking and problem-solving processes can only be 
engaged when classroom interactions are problematized and recognized as carrying some degree of uncertainty. A new 
ambiguity ‘statement’ marks the beginning of a potential new simulation

(2) Proposing alternatives ‘Proposing Alternatives’ refers to the specification of potential options for teaching moves that could be used to address 
an established ambiguity. Proposed alternatives can draw on a wide variety of possibilities that range in terms of specific-
ity (e.g., question ‘types’ vs. specific phrasings) and temporality (i.e., planning moves for an upcoming lesson or hypoth-
esizing alternatives based past events). In a coaching conference, this component is typically initiated by the coach 
prompting the teacher to offer specific ideas for how to approach an ambiguity or problem that can be subsequently 
raised for further discussion and inquiry

(3) Weighing alternatives In ‘Weighing Alternatives,’ the coach and teacher systematically consider the relative merits of the proposed options for 
alternative moves, including discussing the ways in which outcomes could vary based on differing student responses 
or solution strategies. This could involve discussion of: (1) Which alternatives are more or less viable or valuable given 
particular lesson context (i.e., student learning goals, potential student responses and learning progressions, and learning 
tasks); (2) Reasons why (or for non-selected alternatives, why not) selected alternatives are useful for advancing student 
learning goals; and (3) How selected alternatives will be specifically enacted and utilized in subsequent lesson(s)
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of the pre-observation conference, video-recordings of 
observed lesson, and audio recordings of post-observa-
tion conference. The teachers also video-recorded two 
uncoached lessons: a lesson that represented their typi-
cal mathematics instruction prior to working with their 
coach (i.e., before Cycle A), and a lesson that represented 
typical mathematics instruction after working with their 
coach (i.e., after Cycle E). The seven video-recorded les-
sons for each teacher (pre, cycles A–E, post) were used 
to measure teacher uptake of the focal instructional prac-
tices (as described in a later section).

While opportunities for teacher learning could exist 
at all four stages in the coaching cycle, we focused our 
analyses of frequency and quality of mental simulations 
on the Pre- and Post-Observation Conferences because 
those involved the most in-depth interactions between 
coach and teacher. For the Pre-Observation Conference 
(often approximately 45 min), conducted one to two days 
prior to the lesson, the coach and teacher carefully ana-
lyze and discuss the teachers’ selected task, focusing on 
the conceptual learning goals and the specific teaching 
moves and routines that can be used to support those 
goals. For the Post-Observation Conference (of similar 
length), conducted within two days of the lesson, the 
coach and teacher compare and discuss evidence of stu-
dent learning (gathered during the Lesson Observation) 
relative to established goals.

Study design
To answer our research questions, we made several stra-
tegic sampling and analytic decisions. Broadly speaking, 

two kinds of approaches are commonly used for exam-
ining predictors of learner growth: light experience 
sampling in many participants (e.g., surveys; infrequent 
observations) and in-depth experience coding for a small 
number of participants (e.g., single case studies, micro-
genetic analyses). Both approaches have advantages and 
disadvantages (e.g., concerns about confounds, generaliz-
ability, and power). Applied to our situation, the choice 
was between coding a few randomly selected units of 
coaching dialogue from many teachers in our sample 
versus coding full transcripts of dialogue from only a few 
teachers.1

For our study purposes, we opted for the second 
approach, specifically implementing an extreme groups 
design that analyzes in depth the full transcript data 
from carefully selected cases. Coding full transcripts was 
required by the nature of the coaching sessions and the 
mechanics of the coding process. In particular, coach-
ing sessions were only loosely structured and coding for 
mental simulations turned out to be an iterative process 
that required broader knowledge of how coaching con-
versations unfolded across the entire transcript. Extreme 
groups sampling supported the study aims and research 
questions. Specifically, we were interested in whether 
and to what extent mental simulations characterized 
the conferring conversations of highly effective coaches 
compared to their below-average counterparts. Thus, as 

Goal and Task
Selection

Coach and teacher co-
develop the task and

relevant learning goals for
an upcoming lesson

Lesson
Observation

Coach observes the
teacher teaching the

lesson

Post-Observation
Conference

Coach and teacher analyze
evidence of areas of
success and growth

observed in the lesson

Pre-Observation
Conference

Coach and teacher discuss
the task and learning

goals, relevant
pedagogical moves, and
how these support student

thinking

Fig. 1 An overview of the coaching cycle (circles indicate the analytic focus of the current study)

1 The intensive nature of the mental simulations coding, further detailed 
below, precluded the possibility of incorporating full transcript data from all 
teachers (n = 420 transcripts) in analysis.
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is detailed in the ‘case selection’ section, we purposefully 
sampled from a reduced set of cases (i.e., from ‘high’ and 
‘low’ distribution regions of a more representative sam-
ple) to support inferences about characterizing coach-
ing talk patterns linked to more or less robust teacher 
learning.

Participants
Available sample
The full dataset from the larger project included 32 
coaches working with 105 partner teachers. Beginning 
with such a large dataset allowed us to strategically select 
teachers for in-depth analysis that entered the coaching 
program at very similar levels of teaching expertise (i.e., 
baseline instructional quality), but then demonstrated 
significantly varied rates of growth. Specifically, we 
selected four teachers from the pool who began the study 
at the overall mean but varying in subsequent growth: 
two teachers showing high growth and two teachers 
showing low growth (see Case Selection for details). 
These four teachers interacted with four partner coaches 
(i.e., each teacher always with the same coach and each 
teacher had a unique coach). All teachers and coaches 
consented to participation in the study.

Case selection
Case selection was based on ratings of teachers’ class-
room instruction by experts in this form of mathemat-
ics instruction who were trained for this ratings task. 
The overall instructional quality rating was based on 
the extent to which the cognitive demand of high-level 
instructional tasks was maintained during the lesson 
(rubric score from 1 to 4) and the degree to which teach-
ers explored and facilitated the public display of student 
thinking (rubric score from 1 to 4; for further informa-
tion, see Stein & Kaufman, 2010). These topics consti-
tuted the primary focus of the coaching sessions; pilot 
work established that all of the coaches did indeed focus 
on these topics throughout all the coaching sessions. The 
ratings were combined to yield a composite on a scale 
from 2 to 8. A higher score on this composite therefore 
represents not only maintenance of cognitive demand of 
the task during the lesson, but also whether students had 
the opportunity to engage in and make public their (con-
ceptual) thinking. For this overall measure, an intra-class 
correlation (ICC) of 0.62 was calculated (similar to previ-
ous applications, Russell et al., 2020). ICC scores between 
0.6 and 0.74 are commonly considered ‘good’ for obser-
vational data (Cicchetti, 1994; Hallgren, 2012;), indicating 
adequate inter-rater reliability for this measure. Average 
scores across raters were used for analysis; it is assumed 
that conflicting ratings reflected cases in which the class-
room involved instruction at mixed levels of cognitive 

demand or student authority. Finally, to estimate growth 
on this measure across the pre-test, five coached ses-
sions, and post-test, a model-based cubic growth curve 
was fit to the full seven points, and pre-values and post-
values were then taken from the curve (Russell et  al., 
2020). This approach reduced the impact of variation in 
teaching ratings due to extraneous factors (coding noise, 
lesson details, time of day effects, etc.), providing a more 
rigorous estimate of instructional growth.

In the overall sample, teachers showed a range of 
scores at both pre-observation (M = 5.3, SD = 1.8) and 
post-observation (M = 6.9, SD = 0.5). Some teachers had 
scores on our outcome that were already at the ceiling 
and had little room to grow; other teachers had scores 
near the bottom and their coaches needed to focus on 
basics of selecting appropriate tasks rather than on how 
to teach using appropriate tasks. Fortunately, the dis-
tribution was roughly normal, such that most teachers 
began in the middle of the instructional quality scale. 
Therefore, the 63 teachers who started near the mid-
point of the teaching quality scale (M = 5.3, SD = 0.1) 
were considered for selection.

These 63 coach–teacher pairs on average showed sta-
tistically significant growth in teaching quality over time 
(M = 1.6), speaking to the value of the coaching model 
(Russell et  al., 2020). However, there was also variation 
in growth (SD = 0.4), with some teachers making only 
modest improvements while other teachers made strong 
improvement. From this subset of mid-point starting 
teachers, we selected two teachers from the top third of 
the sample in terms of growth on the cognitive demand 
scale (M = 2.0, SD = 0.3), and another two teachers from 
the bottom third in terms of growth (M = 1.2, SD = 0.4). 
We found that selecting four coach–teacher pairs from 
this subset provided a sufficiently large amount of data 
to detect large effects (as described in the following sec-
tions) while also providing a practically manageable cor-
pus for in-depth coding. Moreover, by randomly selecting 
coach–teacher pairs within the higher and lower growth 
regions (rather than the most extreme cases), general-
izability to typical more successful and less successful 
coaching is better supported. This selection resulted in 
four unique selected coaches (i.e., a different coach for 
each teacher) that we categorize as either ‘high-growth’ 
or ‘low-growth’ coach–teacher pairs. Both high- and 
low-growth cases involve urban and non-urban schools. 
The two high-growth coaches had 5 and 13  years of 
prior experience teaching math and the two low-growth 
coaches had 13 and 20 years of such prior experience.

For selection of coaching conferences to systematically 
code within these four coach–teacher pairs, we omit-
ted the very first round of coach–teacher pre- and post-
conferences which tended to be more introductory (i.e., 
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Coaching Cycle A) and the last rounds which tended to 
be more administrative (i.e., Coaching Cycle D and E) 
and instead focused on the second and third rounds of 
conversations (i.e., Coaching Cycle B and C) where much 
of the growth in both years was observed. This resulted in 
16 transcripts across our high- vs. low-growth case com-
parison sample for qualitative coding.

Measures
Our primary independent variables (mental simulations 
and their components) were operationalized through 
qualitative coding of the Pre- and Post-lesson coaching 
conference transcripts using the MSTR framework (see 
Table 1). When a particular discussion segment included 
all three components, it was counted as a mental simu-
lation. When a particular discussion segment included 
only establishing an ambiguity (component 1) but did 
not also involve both raising and weighing of alternatives 
(components 2 & 3), it was called a mental simulation ini-
tiated but not pursued (see Table 2 for coding rules and 
examples).

Procedure
The coding process was iterative and highly contextu-
alized across entire transcripts of coach–teacher dia-
logue. Mental simulations varied considerably in length, 
at times unfolding across multiple pages of transcript 
or, conversely, be contained within a few talk turns. 
This means it was not possible to sample transcripts by 
a priori units of time or a pre-specified number of tran-
script lines to code mental simulations: if the selected 
transcript is mid-simulation, it would not be possible to 
know whether it was indeed a full simulation (e.g., with 
an established ambiguity, proposed and weighed alter-
natives) or just part of a simulation (e.g., an ambiguity 
that was raised but never resolved). Similarly, sometimes 
statements initially sounding like alternatives turned out 
to be simple restatements of a prior idea, which would 
not be known without coding the larger transcript. Fur-
ther, mental simulations were sometimes split by various 
other conversations and then resumed.

For these reasons, coding for mental simulations pro-
ceeded in several stages. The first stage involved seg-
menting transcripts that comprised a mental simulation 
discussion (as opposed to other kinds of coach–teacher 
talk). For a segment of dialogue to ‘count’ as a mental 
simulation, it had to contain all three basic components. 
Hence, coders identified all areas of a transcript where 
an ambiguity was initiated and contained at least some 
alternatives or weighing in the ensuing dialogue. These 
codes were used to set the ‘boundary’ for the beginning 
and end of each simulation segment, through the appli-
cation of a binary segmentation code (Simulation = 1, 

Non-Simulation = 0) to each coach and teacher utter-
ance (κ = 0.88, 96% agreement). Once we broadly iden-
tified the proportion of simulation vs. non-simulation 
talk for each transcript, the first and second authors 
then proceeded to code all instances of alternatives and 
weighing for all mental simulation segments. These codes 
were applied deductively to the remaining transcripts; 
this final Cohen’s kappa and raw percent agreement are 
reported for each code as a measure of reliability (see 
Table  2). It was at this stage of coding that previously 
identified mental simulation segments and components 
were often revisited and subsequently revised (e.g., an 
ambiguity statement indicating the beginning of a new 
mental simulation or the resumption of a prior one). 
Finally, these codes were discussed between raters until 
100% agreement was reached; this final set of codes were 
used as data for our quantitative analyses.

The realities of the coding process also made a blind 
coding approach infeasible. Longitudinal coding of full 
transcripts meant there were clear differences in the qual-
ity of the coaching talk between high- and low-growth 
coaching pairs. However, several steps were implemented 
to minimize bias as is typically done in this kind of cod-
ing methodology. First, together with a larger group of 
researchers, we developed and refined the MSTR frame-
work and coding rules over the span of several months 
using subsets of transcripts drawn from the larger sample 
(see Tables 1 and 2 for final versions). Second, as noted, 
the first and second authors independently coded each 
transcript in the final sample and achieved adequate 
inter-rater reliability for each mental simulation seg-
ment and sub-component (see Table 2). Third, the coding 
process included weekly meetings with the larger group 
who would challenge assumptions and offer critiques and 
suggestions for improving the MSTR framework and its 
application. Fourth, though we hypothesized that mental 
simulations would be an important feature distinguish-
ing high- vs. low-growth coaches, we did not have any a 
priori expectations about how mental simulations might 
emerge or unfold differently by teacher growth levels. 
Finally, as part of the results for our third research ques-
tion, we provide readers with detailed examples (i.e., four 
in-depth transcript excerpts), thereby increasing trans-
parency. Collectively, these steps minimize the poten-
tial for bias and bolster confidence in the validity of our 
methodological approach and findings.

Analyses
Quantitative analysis
Once all 16 transcripts had been coded and 100% agree-
ment reached on the final set of codes, inferential tests 
were performed on these codes to see if there were sta-
tistically significant differences in the number (per 
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conference) of each of these components that occurred 
during the Pre- and Post-Conference conversations 
between coaches and teacher pairs who showed high 
growth on our outcome measure, and those pairs who 
showed low growth on our outcome measure. For differ-
ences in means, a t-test was performed; for raw counts 
where the distribution was non-normal, the non-para-
metric Mann–Whitney test was performed. As discussed 
in the Results section below, while these analyses only 
applied to four coach–teacher pairs, the amount of data 
they contained (n = 16 transcripts) provided sufficient 
power to detect statistically significant differences.

Qualitative analysis
Lastly, to answer our third research question, we con-
ducted a final series of thematic and inductive cod-
ing (Miles & Huberman, 1994) to more closely examine 
whether and to what extent notable distinctions emerged 
between the high- and low-growth coach–teacher pairs 
in terms of the quality of their Simulation discussions. 
This process was characterized by several rounds of the 
first and second authors independently re-analyzing each 
mental simulation segment for each coach–teacher pair, 
creating analytic memos (Miles & Huberman, 1994) to 
note recurring themes and observations both within and 
across coach–teacher pairs, with a particular focus on 
key differences between high- vs. low-growth pairs. Once 
completed, the coders engaged the larger research team 
in several collaborative discussions and joint analysis of 
key areas of interest in the transcripts (i.e., discussion 
segments that either exemplified or potentially chal-
lenged emerging themes and patterns) to reach shared 
conclusions about what we viewed to be the most signifi-
cant points of contrast in the simulation talk of high- vs. 
low-growth pairs.

Results
Quantitative differences
Our data showed very large quantitative differences in 
how high- and low-growth coach–teacher pairs spent 
their time during Pre- and Post-Conference conver-
sations. In terms of the amount of the words in each 
Conference conversation that was spent engaged in 
a Simulation, there was more Simulation discussion 
between the coach and teachers who showed high growth 
(M = 2308 words) than those who showed low growth 
(M = 318 words). These differences were shown to be sta-
tistically significant (t(13) = 5.97, p < 0.001); see Fig.  2a) 
and very consistent across both of the coach–teacher 
pairs within each group.

Because the high-growth coach and teacher pairs were 
more likely to have longer conversations in general, we 
also wanted to ensure that these differences held when 
correcting for the length of the transcripts. We there-
fore conducted another test comparing the amount of 
time spent in a discussion of a Simulation as a percent-
age of each transcript. These differences were also sig-
nificant, with the high-growth pairs spending about 35% 
of the total discussion engaged in Simulation talk, while 
the low-growth pairs only spent about 13% of their time 
engaged in Simulation talk (t(13) = 2.93, p < 0.05; see 
Fig.  2b). These results suggest that the differences we 
observed in amount of Simulation talk between high- vs. 
low-growth pairs were not simply driven by more talk 
overall in the high-growth pairs. Rather, they suggest the 
high-growth coach–teacher pairs devoted a significantly 
greater proportion of their time on focused Simulation 
talk relative to the low-growth pairs.

For the next phase of analysis, we then began to 
examine differences between each component of a 
Simulation (i.e., Ambiguities, Alternatives, and Weigh-
ing) between the high- and low-growth pairs. First, we 
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tested to see if there was a difference in the number of 
Ambiguities. While, by definition, Simulations could 
only occur if an Ambiguity had been raised, it was also 
possible that Ambiguities were raised that did not turn 
into Simulations (i.e., never led to alternatives being 
raised or weighed). We were therefore interested to see 
if there were differences in the number of Ambiguities, 
as well as differences in the “take up” and Simulation 
of those Ambiguities.

As illustrated in the left-hand columns of Fig. 3, the 
data showed that the high-growth coach–teacher pairs 
were significantly more likely to raise more ambigui-
ties overall (t(13) = 4.22, p < 0.001), suggesting these 
conversations were characterized by significantly more 
time spent problematizing teaching–learning situa-
tions relative to the low-growth pairs. This disparity 
is notable because it might indicate a greater overall 
tendency for the high-growth pairs to frame teach-
ing decisions and outcomes (planned or executed) as 
inherently open for interpretation and further inquiry, 
and ill-suited for routinization—a key tenet of student-
centered instructional practice.

Importantly, of those Ambiguities that were raised, 
the high-growth pairs were also more likely to fol-
low up and Simulate those Ambiguities by suggest-
ing Alternatives and Weighing them (t(13) = 5.45, 
p < 0.001), as illustrated by the right-hand columns of 
Fig. 2. However, this analysis also revealed that in one 
of the low-growth pairs, the coach and teacher either 
never raised Alternatives, and/or never Weighed them, 
meaning that in this low growth case, there were no 
Simulations identified. Therefore, because this meant 
that only one of our low growth cases contained Simu-
lations, additional analyses looking at the relative pres-
ence of Alternatives or Weighing within Simulations 
by the high- and low-growth pairs were underpow-
ered. As such, we continued to examine qualitatively 

key patterns of coach–teacher talk that distinguished 
the quality of Simulation talk for high- vs. low-growth 
pairs (i.e., more or less effective coaching conferences).

Qualitative differences
Our qualitative analyses revealed four themes that char-
acterized diverging patterns of mental simulation talk 
between the high- vs. low-growth pairs. Two major 
themes characterized the Simulation talk of the high-
growth pairs, both of which involve complete simula-
tions (i.e., contains all three components). Two major 
themes also characterized the Simulation talk of the low-
growth pairs, but are further differentiated by whether 
or not a complete simulation emerged. Specifically, the 
first theme involves incomplete simulations (i.e., missing 
one or more MSTR components), and the second theme 
involves complete but less sophisticated simulations. 
Below, we describe each theme and provide illustrative 
transcript excerpt examples, with key bits of text high-
lighted in bold.

High‑growth theme 1: problematizing lesson components 
(planned or executed) and proposing specific alternatives 
linked to learning goals
The first high-growth theme is characterized by the coach 
consistently encouraging to the teacher identify ambigui-
ties in a planned or enacted lesson scenario, and ensuring 
that each ambiguity is tied to specific, actionable alterna-
tives. In a pre-lesson conference, for example, a teacher’s 
anticipated lesson tasks and interactions are not treated 
as ‘givens’ and left unquestioned but are rather prob-
lematized and connected to specific teaching moves (i.e., 
establishing a clear vision of the ‘what’ and the ‘how’), as 
illustrated in the excerpt below (Fig. 4). In the discussion 
leading up this excerpt, the coach had asked the teacher 
what kinds of strategies she expected students to use 
in a task focused on identifying equivalent fractions, to 
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which the teacher had initially replied she was just going 
to “wait and see” what the students come up with. The 
excerpt below shows the exchange that followed:

Here, the coach responds by problematizing what the 
teacher had previously framed as an unambiguous situ-
ation (T1), pressing the teacher to think more intention-
ally about advancing specific learning goals. The teacher 
identifies one strategy—dividing by one-half (T2)—as 
an important goal of the lesson, and the coach then 
presses her to specify how they might introduce it if it’s 
not spontaneously brought up by students (T3). Notably, 
the teacher’s suggestion to bring out manipulatives and 
“hope” that students will identify one-half (T4) does not 
amount to a specific strategy or question that could be 
used to advance student thinking. Rather than leaving it 
there and moving on, the coach offers another alterna-
tive (T5) that includes specific questions to assess and 
advance students’ thinking about equivalent fractions. 
The difference in coaching of leaving non-specific plans 
as sufficient vs. digging further was a key distinction sep-
arating high- vs. low-growth pairs.

High‑growth theme 2: iteratively interrogating 
the relationship between proposed alternatives (what, how) 
and student learning goals (why, for whom) in Weighing 
discussions
The second high-growth theme pertains to the quality 
of the Weighing Alternatives component of MSTR. Spe-
cifically, this theme is characterized by the coach itera-
tively pressing teachers to explain their thinking behind 
instructional choices and how proposed alternatives are 
valuable relative to conceptual learning goals (i.e., the 
‘why’) as well as describing how an abstract goal or prin-
ciple applies in a particular lesson context and how this 
would be achieved (i.e., the ‘what’ and ‘how’). Similarly, 

the coach couples any of her own suggested alterna-
tives or claims with reasons and explanations anchored 
in robust pedagogical goals and concepts. In both cases, 
teacher and coach are obliged to make explicit their 
assumptions about how and why selected alternatives 
do (or perhaps do not) advance learning goals, a includ-
ing questioning and explicating the math ‘behind’ a given 
task. Figure 5a, b, which shows exchanges that followed 
soon after Fig.  4, illustrates these patterns. This excerpt 
(below) begins with the coach querying the teacher to 
consider another strategy that may come up in the lesson, 
continuing the discussion from above:

In her response, the teacher recalls a previous les-
son where a student had tried to divide by thirds, indi-
cating that she had told the student they could not do 
that because “we don’t have equal groups” (T2). In the 
exchange that follows, the coach presses her to explain 
her reasoning behind this (Ts 3 & 5) and encourages her 
to think about an advancing question that could help stu-
dents make sense of equivalent fractions (T5). This ques-
tioning continues as the coach elicits and interrogates the 
mathematical assumptions implicit in the teacher’s lesson 
plan (T9). Interestingly, as is revealed by her responses in 
Ts 8, 10, and 12, the teacher seems to reach an impasse as 
she struggles to explain her reasoning or come up with 
specific questions to ask students, and in her concluding 
remarks (T12) appears to confront a limit to her under-
standing of the mathematics. Notably, had the coach not 
continued to push the teacher to explain her reasoning 
and propose specifics for advancing student thinking, 
they may not have arrived at this juncture.

This line of inquiry continues in the following excerpt 
(Fig. 5b), the latter half of which also highlights how the 
coach modeled productive pedagogical reasoning in 
explicating and justifying her claims and suggestions:

Turn
(T)

Speaker Transcript Excerpt

1 Coach: So are there any particular strategies that you – so you said you are waiting to see
what comes up today. And I think that's fine…But is there a specific one that
you're like it has to come up? If nobody brings it up, how can we get it come up.

2 Teacher: Let's see. Well, I expect the one half [to come up].
3 Coach: So one half has to come up. So if nobody in your class says one half today –how

are we gonna bring that up?
4 Teacher: We can take our manipulatives out and take out 12 and turn 6 over to different color.

And then we can see the relationship between there are 6 that are red, 6 are yellow,
so then hopefully somebody would say half are red or one out of every two,
maybe – however they wanna do it.

5 Coach: So another thing we could do is say: “Earlier one of my other classes somebody
said this same picture represented one half. How do you think they saw that?”
Do you see one half of this picture?” I mean, you got the picture up there already
from the six twelfths. So do they see that one half as a fraction?

Fig. 4 Excerpt illustrating high-growth theme 1
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Turn
(T)

Speaker Transcript Excerpt

1 Coach: Are there any other ones? […] What about threes, if we had thirds?
2 Teacher: Somebody tried that– wait, one thirds, let me think. So I think we tried this one

before, and I said we can't do that because we don't have equal groups. So I told
them they either all have to be red, all have to be yellow, or they all have to match.

3 Coach: And why is that? 
4 Teacher: To be equivalent or to show the ratio.
5 Coach: And so what sense are kids making of that? Or is there a question we could ask 

them to help them think about that?
6 Teacher: Probably would be better to ask them a question.
7 Coach: And what would the question be? 
8 Teacher: I’d say it has to be…equal? [Laughs]
9 Coach: So why would it have to be that? What do want kids to understand about that? Why 

do the groups have to be what you're saying?
10 Teacher: They have to be equal because... [Trails off]
11 Coach: But they are equal: four, four, and four.
12 Teacher: Well, they do have to be equal number. But they also have to be equal in makeup.

Like if they're – because you can't have a fraction and a fraction. So here we see
two fourths. Here we see two fourths. Here we see two fourths. Or they all have to
be red, or they all have to be yellow or they all have to – if they're mixed they have
to match. I don't know how to describe why- nobody has [ever] asked me why.  
I just said that's the rule.

Turn
(T)

Speaker Transcript Excerpt

13 Coach: And so I wrote down here that one of your goals was for students to own the
learning.

14 Teacher: They should be telling me why. [Laughs]
15 Coach: …So let's say that a kid does this and says – what fraction would he say or she

say for this?
16 Teacher: I would think they would see one and a half thirds. And then say wait a minute, we

can have a fraction and a fraction. And so then they're either stuck or...
17 Coach So you're saying like this one and a half over three?
18 Teacher Yeah. Like one –
19 Coach: So could you have one and a half thirds?
20 Teacher: No.
21 Coach: —ever?
22 Teacher: Um…
23 Coach: So there is a world of math where kids do use...
24 Teacher: Yeah. So if we thought about one and a half thirds, what did we really talk about?

Like two thirds and a sixth. Oh my gosh, should I start getting new materials?
[Laughs]

25 Coach: No, no. But I just want us to be careful. Remember the article we read about the
rules that expire? That's not a rule that will hold true that you can't write a
fraction on top of a fraction. So if we talk about one and a half thirds, we're
really talking about three sixths. That would be equivalent to it. And you can
write a fraction like this.

26 Teacher You can.
27 Coach You can.
28 Teacher Yeah, so I would think – again, I'm having – I told them the groups have to match.

But I really – I'm not sure why.
29 Coach So let's look. If we were to look at the six twelfths here, and if a kid was to say “I

could split it up into three groups”, and I go “one, two, three, so my denominator is
three.” And so my numerator is one and a half– So we wouldn't want to say
“you can't write a fraction like that.” But then we might wanna talk about “So
here we have four eggs that are eaten, and here we have two eggs that are
eaten.”

30 Coach [Because] it’s harder to compare – to talk about fractions when they're not the
same size pieces. So I think if we were to look at some of these other
representations, kids would see that. I mean, I think that's something for us to
really think about today and watch for our kids doing that and what is that that
they're doing? And I do think somebody will do that.

(a)

(b)

Fig. 5 a Excerpt highlighting high-growth theme 2. b Excerpt illustrating high-growth theme 2
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Here, the coach begins by offering a slight redirect, 
taking up the teacher’s final statement in Fig. 4a indicat-
ing she had just told students “that’s the rule” (T12) and 
connecting to a previously stated goal for her students to 
“own the learning” (T13). This pivot to the teacher’s per-
sonal goals for her students, followed by prompts for her 
to consider how a student might specifically think and 
respond (e.g., T15) leads back to what the teacher was 
struggling with (improper fractions) from a different per-
spective (through the lens of possible student solution 
strategies). Once the teacher’s misconception is contex-
tualized (Ts 19–24), the coach then connects back up to 
a larger principle in teaching math (“rules that expire”) 
and applied to the math goals of the current lesson (T25). 
The coach then returns to what students might do in the 
upcoming lesson and how the teacher can help advance 
their learning in this task, backing her assertions with 
strong conceptual and pedagogical and reasons (Ts 
29–30). These sequences where the coach both presses 
the teacher to link lesson specifics to larger goals and 
concepts, as well as models these processes in her own 
thinking and explanations, was a defining feature of the 
mental simulation talk of high-growth coaches.

Low‑growth theme 1: ambiguity raised, but no alternatives 
meaningfully proposed or weighed
The first low-growth theme is characterized by an ini-
tial statement or question establishing that a teaching–
learning situation involves some level of uncertainty or 
requires further discussion (i.e., ambiguity raised), but 
alternatives for addressing the situation are not mean-
ingfully proposed or considered in connection to learn-
ing goals. One common example of this begins with the 
coach asking a teacher to describe their lesson plan, 
targeted learning goals, and the ways in which students 
might respond to a particular question or task, including 
strategies that could be used to assess and advance their 
learning. In the ensuing discussion, the teacher might 
offer a relatively abstract articulation the targeted learn-
ing goals without connecting them to specific teaching 
moves. Conversely, coach and teacher might discuss a 
procedural summary of the lesson plan, often in the form 
of simply recapitulating each planned step in a relatively 
rote fashion. In both cases, the tendency is for the coach 
to enjoin the teacher’s ideas with evaluative statements 
or immediately move on to another topic or phase of the 
lesson. As a result, lesson specifics and alternatives are 
either superficially linked to learning goals or not at all, as 
is highlighted in the following excerpt (Fig. 6) concerning 
a teacher’s upcoming lesson about inverse relationships:

Here, the coach begins by raising a potential ambiguity 
about how students might respond and be supported in 
the context of the instructional task and goals (Ts 3 & 5). 

The teacher then iterates the learning goal (T8), to which 
the coach responds with a relatively superficial evalua-
tive statement (T7). Notably, the coach declines to press 
the teacher for any specifics about how the task advances 
this learning goal, instead pivoting to query the teacher 
about her general plan for the lesson (T10). In what fol-
lows, even though the teacher is voicing specific teach-
ing moves and questions to use during this phase of the 
lesson (e.g., Ts 4 & 6), these are not considered ‘true’ 
alternatives because they were not taken up as mean-
ingfully different strategies to be considered relative to 
student learning goals or progressions (i.e., Weighed). 
Notably, the coach could have responded by raising up 
one or more proposed alternatives for further discussion. 
Instead, she continued to ask the teacher direct questions 
about the procedures of her planned lesson (e.g., Ts 3 & 
5) and moved on without treating the anticipated effects 
of these moves as an area of legitimate inquiry—i.e., ask-
ing ‘what’ and (to a lesser extent) ‘how’, but not ‘why’ 
(e.g., T9)—and offering suggestions that elicited one-
word evaluative answers from the teacher without deeper 
discussion (e.g., Ts 5–6; 7–8). These kinds of sequences 
stand in contrast to what was typical in the high-growth 
pairs, where the coach would press the teacher to explain 
their reasoning behind a proposed move (rather than 
accept it as ‘given’) and, conversely, identify the specifics 
of teaching moves that could be used to further a learn-
ing goal.

Low‑growth theme 2: alternatives weighed superficially
The final low-growth theme specifically pertains to the 
quality of the Weighing Alternatives talk. Specifically, 
in contrast to the high-growth coaches, when Weigh-
ing did occur in the low-growth coaching dialogues, it 
tended to be relatively superficial, characterized by the 
coach advancing the conversation past establishing an 
ambiguity and proposing alternatives, but only just so. 
The coach might, for example, press the teacher to iden-
tify a specific kind of student misconception that might 
arise during a task and consider how proposed alterna-
tives connect back to a larger learning goal, but the con-
versation does not advance beyond a relatively vague or 
surface-level rendering of short answers, direct feed-
back, or evaluations. As a result, the initial ambiguity is 
reduced to a low-inference procedural problem with a 
relatively straightforward (i.e., unambiguous) answer. 
This theme is illustrated in the following excerpt (Fig. 7) 
that begins where the teacher is asked to consider what 
kinds of student misconceptions or struggles she antici-
pated for an upcoming lesson focused on fractions and 
varied representation:

Here, the coach the prompts the teacher to specify 
what kinds of misconceptions students might have and 
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how to address them (T1). After the teacher identifies 
one way students might struggle to get started with the 
task (T2) and the coach prompts her for specific ways 
to address this (T3) the teacher proposes some ques-
tions to pose to students (T4) without explanation of 
why they would be effective. Rather than taking up these 
proposed alternatives or pressing the teacher to explain 
how they will advance student thinking, the coach offers 
another alternative without explanation (T5), which in 
turn elicits a brief evaluation from the teacher that does 
not link to the initial ambiguity or conceptual learning 
goals (T6). The coach then challenges her own sugges-
tion (T7), a move that could have provided a productive 
context for weighing the merits of this activity relative to 

learning goals. Instead, she immediately undermines this 
suggestion before again pivoting to it as an option but 
without any pedagogically relevant reasons (T7). Nota-
bly, the teacher then raises another ambiguity related to 
whether students should be given a choice (T9), which 
the coach affirms without elaboration and offers another 
option (T10) which also elicits a brief affirmation from 
the teacher (T11). In the final phase of the discussion, 
the coach pivots to press the teacher to consider how 
the proposed activities connect back to the larger goal 
(T14), to which the teacher gives a short response and 
seeks input from the coach (T15). Similar to T7 above, 
the coach initially sets up what may have been a produc-
tive weighing discussion by not answering directly but 

Turn
(T)

Speaker Transcript Excerpt

1 Coach: Good. Um… Let’s talk about your lesson… that you’re gonna teach tomorrow.
And… I saw that you picked out the birthday party task.

2 Teacher: Yeah.
3 Coach: And… I’ve read through that, so let’s talk about your lesson tomorrow, your goals

for the lesson, the specifics of the lesson— and then talk about, um, how students
might respond and strategies we can use to support their learning in this task.

4 Teacher: OK, great. That sounds great.
5 Coach: OK. As you would implement the birthday party task, um… What… What is your

mathematical goal for the lesson?
6 Teacher: Well, I think the biggest goal I have is that I want the kids to get to realize, or… to,

um… reinforce that the multiplication and the division are inverse, um…
relationships, and that you can use either one of those to find division or
multiplication facts.

7 Coach: And that’s a good task, I think, to, um… to really… for that to be your goal. I
think you’ve… you selected a good task. True.

8 Coach: OK, so at the beginning of the class, um… I guess you’re— planning on
presenting the past to the kids.

9 Teacher: Right.
10 Coach: Right. Are you just gonna do that on the Prometheum board?
11 Teacher: Yes. I thought I would put it up and then we would write it together and talk

about it, make sure everybody understood what the, um… problem was that
they were gonna work on, right?

12 Coach: And then, um… Then, are you gonna give them some self- think time?
13 Teacher: Yes. I thought we’d do the private think time for a little bit and then, um… I’m

thinking…
14 Coach: Do you think we will do, like, group time after that? Like, they could share with

the people at their table what they… what they think privately?
15 Teacher: Yes, I think that would be good.
9 Coach: OK. Um… Then after they do that, and they’ve shared with their group, then

you’re gonna give them some group time—
10 Teacher: Yes.
11 Coach: —to maybe think about how everybody has… how each one of the people at that

table has, um… represented that.
12 Teacher: Right.
14 Teacher: Yes. I think that’s really good, when they can see each others’ ideas and maybe,

make, y’know… They’ll think about it a different way.
15 Coach: I agree, good.

Fig. 6 Excerpt illustrating low-growth theme 1
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opening the question up for further discussion (T16). 
However, the ensuing discussion once again amounts 
to a fairly superficial sequence offering direct feedback 
(T20) and an evaluative statement (T21). In contrast, as 
shown above, the high-growth coaches would more often 
respond to teachers’ suggestions or direct questions with 
consistent pressing and scaffolding moves and ensuring 
the pedagogical rationale associated with various alterna-
tives was made explicit.

Discussion
Contributions
In this study, we applied a novel framework, Mental 
Simulations for Teacher Reflection (MSTR), to concep-
tualize and study the micro-level processes in coaching 
interactions that link to robust outcomes in STEM teach-
ing practice. Through a mixed-methods approach, we 
explored the relationship between MSTR and effective 
coaching interactions at multiple levels of complexity and 
specificity—important steps towards de-mystifying the 
‘black box’ of teachers’ professional learning (Goldsmith 
et al., 2014).

Turn
(T)

Speaker Transcript Excerpt

1 Coach: We could figure out some strategies…maybe some misconceptions we think the
kids might have and how we might try to… to work through that.

2 Teacher: Yes, I think some of them may have trouble getting started, um… I’m just not
sure. They might not realize that there’s four pans of brownies and each has 16
brownies. Sometimes, a few of them still wanna add instead of multiply.

3 Coach: OK. Yes. So, what… if they had those misconceptions…What do you think you
could do at that point to help them?

4 Teacher: Well, I think I would just try to ask them some questions. Um… I might ask,
“What’s the question that you’re trying to answer?” Y’know, for them to actually
think about what they’re trying to find out. Or, “How could you find out about how
many brownies are in four pans?”

5 Coach: OK. Yeah. I think so. Another idea that I had… I wondered if… we could cut these
[brown pieces of paper] into brownie pans. And then they could actually draw
their [brownies]

6 Teacher: I think that would be cute.
7 Coach: But, um… is that really gonna help them when they start dividing? I… I’ve

thought about it. ‘Cause I think your idea of the tiles is much better, but we could
also use these if they would like to do this.

9 Teacher: I think that’d be a good thing. It would be something different. Should we give
them a choice?

10 Coach: We could do a choice. Or we could have each group do it— They could have
multiple representations.

11 Teacher: Yes, ‘cause I think that’s really important, that they get more than one way——
to do it. So I think that’s a great idea.

12 Coach: And then if we go… If you think back to your goal for the lesson, is that you
really wanted them to… know the inverse relationship between multiplication
and division.

13 Teacher: Right.
14 Coach: So when we think about that, um… and what they’re doing to solve the

problem… Do you think… the way that we have been solving problem is really
going back to your goal?

15 Teacher: Yes. I do. I think it does. What do you think?
16 Coach: [pause] Well, OK. Let’s talk about this.
17 Teacher: OK.
18 Coach: When they make their tiles—
19 Teacher: Yes.
20 Coach: —and they divide that out, and then… I think… I think it would be good for you

to… after they do that, for you to point out that relationship—

21 Teacher: Yes. Yeah, I think they’ll definitely need some, um…guiding for that.
Fig. 7 Excerpt illustrating low-growth theme 2
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MSTR proved to be a useful framework for studying 
instructional coaching in two ways. First, we found that 
mental simulations comprised a substantial proportion of 
the instructional coaching talk, particularly for the high-
growth coach–teacher pairs (approximately 30% of the 
overall talk of high-growth coach–teacher pairs). Nota-
bly, this finding was not one of fidelity of implementation 
where coaches did as they were asked. Mental simulation 
routines were not an explicit component of the coach-
ing model or coach training (consistent with not being 
a majority of the coaching talk), suggesting that mental 
simulations were a substantive but perhaps implicit fea-
ture of the highly effective coaching interactions. This 
finding is especially interesting against the backdrop of 
research that has often described mental simulations or 
similar forms of ‘what if ’ reasoning as a key feature of 
expert problem solving and practice (e.g., Ericsson, 2006; 
Klein, 2008; Price et al., 2021) but without clear delinea-
tion or specificity of the component processes. By iden-
tifying the component pieces of a mental simulations 
routine in a teacher learning context (i.e., Establishing 
Ambiguities, Proposing Alternatives, Weighing Alterna-
tives), MSTR provides a means to formalize and study 
in detail a core part of these coaches do with their time 
spent with teachers. In other words, MSTR provided 
an explicit language for an otherwise implicit aspect of 
coaching and provides a framework for understanding 
the work of highly effective coaches.

Second, MSTR successfully provided an explanation 
for how coaching interactions can lead to significant vari-
ation in teacher outcomes even when the basic coaching 
model is implemented with fidelity. Specifically, by closely 
studying the interactional routines of coaches trained and 
supported to implement the same coaching model, this 
study contributes insight into the mechanisms that sup-
port more or less robust teacher learning and instruc-
tional growth. Results from our quantitative analyses, 
for example, suggest that the high-growth coach–teacher 
pairs spent a significantly greater amount of time prob-
lematizing teaching–learning situations (i.e., raising and 
exploring ambiguities) relative to the low-growth pairs. 
Our qualitative analyses added further texture to these 
results by showing, for example, how the quality of the 
Weighing component of MSTR—i.e., the pedagogical and 
counterfactual reasoning processes to simulate the causes 
and effects of proposed alternatives—was a key distinc-
tion of the highly effective coaches. Moreover, these anal-
yses suggested that even when ambiguities were raised in 
the low-growth coaching dialogues (signaling the start of 
a potential simulation), they frequently failed to emerge 
as full simulations, often because viable alternatives 
would never be specified or if they were, not meaning-
fully interrogated.

Taken together, these findings suggest that MSTR 
provides a productive lens for conceptualizing and 
studying one mechanism underlying STEM teacher 
learning, particularly one that applies to coach-guided 
reflection. There already exists a wealth of research 
on teachers’ reflective sensemaking and pedagogical 
reasoning as key for building STEM teaching knowl-
edge and practice (e.g., Kavanagh et  al., 2020a; Sherin 
& van Es, 2009). The primary contribution of the pre-
sent study is that it provides empirical support for one 
conceptually aligned routine for concretely guiding the 
collaborative work of coaches and teachers in reflec-
tion. Extensively studied in other domains of cognitive 
research, there is strong evidence to suggest mental 
simulations play a fundamental role in basic inquiry 
and knowledge-building processes (Landriscina, 2015). 
For example, research suggests mental simulations 
are a key process through which causal and counter-
factual reasoning can support high-level inference to 
connect specific instances or ‘particulars’ to larger 
ideas and principles (Trickett & Trafton, 2007), reduc-
ing uncertainty and clarifying cause–effect relations in 
engineering and design (Christensen & Schunn, 2009) 
and generating and evaluating hypotheses in scientific 
inquiry (Trickett et al., 2009). Adapting this theoretical 
framework to teacher learning adds clarity and speci-
ficity to the kinds of pedagogical thinking and reason-
ing processes implicated in the development adaptive 
teaching expertise.

Efforts of this kind are especially needed if we are to 
better understand how to design and disseminate effec-
tive professional learning experiences for STEM teach-
ers. Teacher reflection, for example, while richly rooted 
in learning theory and nearly ubiquitous in practice-
based teacher learning programs, often lacks conceptual 
clarity or clear learning objectives in practice (Beau-
champ, 2015; Lefstein et al., 2020). Missing greater clar-
ity on the ‘what’ and ‘how’ of effective teacher reflection, 
many researchers have raised concerns that reflection as 
a learning context is often bereft of meaning in practice 
(Gaudin & Chaliès, 2015). Indeed, the very structured 
coaching program that was the basis of our study (see 
Russell et al., 2020) included reflection as a core compo-
nent, but nonetheless had large variation in outcomes. 
More specifically, the coaching model require coaches 
to have teachers reflect on: (1) specific learning goals 
linked to student’s conceptual math understanding, and 
(2) teaching practices for furthering those goals (e.g., ask-
ing students assessing and advancing questions to elicit 
and further their thinking). It also had routines for doing 
that reflection before and after teaching using classroom 
artifacts. But nonetheless, as highlighted in our findings, 
there were clear differences in the nature and quality of 



Page 20 of 23Walsh et al. International Journal of STEM Education            (2023) 10:9 

the reflection practices depending on coach assignment, 
and MSTR appeared to capture a significant amount of 
this variation. By analyzing these coaching dialogues 
through the lens of a well-supported conceptual frame-
work, this study shed some light on why programs such 
as these might be highly effective for some teachers and 
less so for others.

Practical implications
MSTR can also be used to inform the work of instruc-
tional coaches and other facilitators engaged in similar 
professional learning contexts. The two ways that low-
growth coaches struggled with mental simulation talk 
each have implications for practice. First, there was evi-
dence of significantly fewer ambiguities overall in the 
low-growth coaching interactions. That is, these coach-
ing pairs were less likely to raise up teaching–learning 
situations as open for interpretation and further inquiry. 
Interestingly, this might also be thought of as violating 
a core premise of student-centered teaching, but here 
applied to coaching aimed at teacher learning. Future 
implementations might benefit from more explicit coach 
training around how to identify and frame ambiguities in 
teachers’ planned or enacted lessons. This might include, 
for example, developing protocols and resources around 
the kinds of ambiguities associated with a particular 
instructional topic (e.g., common ways in which student 
misconceptions may emerge and how to address them).

The second primary way in which the low-growth 
coaches appeared to struggle is that they less frequently 
leveraged an established ambiguity into a productive 
conversation that included both proposing and weighing 
alternatives. This suggests that coach training could be 
advanced by teaching coaches how to work productively 
with teachers to reason through their pedagogical chal-
lenges, including supporting coaches to recognize and 
respond to teachers’ individual learning needs.

Limitations and future directions
While we have argued that mental simulation offers 
a robust learning routine in coaching practice, more 
research is needed to understand whether and to what 
extent MSTR is effective for instructional coaching in 
other contexts (e.g., other coaching models, other grades, 
other pedagogical topics, disciplines other than mathe-
matics). To our knowledge, no other research to date has 
explicitly applied a mental simulations lens to understand 
and specify what a robust teacher learning mechanism 
‘looks like’ in the context of instructional coaching. While 
we believe there is strong rationale to believe MSTR will 
be conceptually and empirically robust in application to 
other teachers and coaching contexts, it is still a relatively 
novel and untested framework. The aim of the present 

study is to provide a foundation for future research to 
further explore, extend, and refine the concepts embod-
ied by MSTR.

Similarly, while we believe MSTR contributes empiri-
cal clarity and guidance to the largely under-specified 
context of teacher reflection, we acknowledge certain 
limitations of our present framing and approach. Most 
notably, though MSTR as a learning routine is socially 
situated (i.e., in coach–teacher interactions), we adopted 
a largely cognitive perspective in how we framed MSTR 
as a tool for advancing teacher learning in coach-guided 
reflection (i.e., scaffolding individual teachers’ adaptive 
knowledge and skill development). However, reflection in 
education has important social, philosophical, and politi-
cal dimensions (e.g., ideological notions of race, power, 
and academic ability) that intersect with individual-level 
cognitive and experiential factors in ways that can pro-
foundly shape teacher learning and practice (Louie, 2020; 
Philip, 2011). As such, we hope future iterations of MSTR 
could include more explicit focus on engaging teachers’ 
critical reflection around how societal-level constructs 
(e.g., normative assumptions about learning and learn-
ers) influence their own pedagogical reasoning, decision-
making, and actions.

Moreover, our qualitative analyses and findings in par-
ticular raise questions about individual differences across 
coaches and mental simulations discussions. For example, 
why were the low-growth coaches less inclined to prob-
lematize and engage with instructional ambiguities? Are 
there dispositional, experiential, or knowledge-related 
factors that could explain their coaching practices? Is it 
perhaps the case that different kinds of belief systems 
or lay theories might have tacitly influenced how they 
framed instructional situations in their conversations 
with teachers? Similarly, though our findings suggest the 
importance of pedagogical and counterfactual reason-
ing in coaching reflections, more research is needed to 
understand the specifics of what makes these processes 
effective for change in practice. For example, is it the 
depth and/or breadth of reasons offered for or against a 
few alternatives that’s important in the weighing process? 
Or, alternatively, is the variety of alternatives proposed 
and simulated most important for supporting teachers to 
flexibly apply this knowledge in practice? More research 
is needed to better understand the potential influence of 
these coach and discussion quality factors.

Finally, because this study focused on the combined 
content of coach–teacher dialogues, we cannot draw 
any strong inferences about the respective contribu-
tions of coaches and teachers in mental simulation 
talk. For example, is it important that teachers par-
ticipate heavily in the Weighing discussion or, as sug-
gested by some researchers, is it more important that 
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this reasoning occurs at all, regardless of who’s voicing 
it? (Haneda et al., 2017; Witherspoon et al., 2021). On 
a related point, to what extent were differences within 
teachers driving differences between high- and low-
growth pairs? Nested models applied to the full study 
dataset showed that coaches accounted for between 
41 and 48% of variance in teacher outcomes (depend-
ing on which outcome measure was used and which 
covariates were included), suggesting that much of the 
variation in outcomes were driven by differences within 
coaches. However, more research is needed to examine 
the specific factors underlying coach and teacher-level 
contributions.

Conclusions
Developing teachers’ proficiency for student-centered 
instruction is a challenging yet vital enterprise for 
improving the learning opportunities and outcomes for 
a wider range of students in K-12 classrooms. Decades 
of research have significantly advanced our understand-
ing of how to design and implement high-leverage pro-
fessional development practices such as instructional 
coaching (Kraft et  al., 2018). However, teacher and 
student learning outcomes remain highly variable both 
within and across intervention efforts despite signifi-
cant research expenditure and wide-scale professional 
development investment by schools and districts (Jacob 
& McGovern, 2015). One issue is that professional 
development research has generally focused less on 
theorizing and systematically investigating the teacher 
learning processes and mechanisms that shape differ-
ential outcomes across contexts (Lefstein et  al., 2020). 
By integrating key insights from cognitive learning per-
spectives, this study brings a new perspective to recent, 
practice-based teacher learning research that primarily 
draws from situated and socio-cultural learning theory 
perspectives. This echoes recent calls that education 
research in general, and teacher learning research in 
specific, can greatly benefit from a ‘de-siloed’ approach 
to advance forward, rather than lateral progress in the 
field (van der Linden & McKenney, 2020). Specifically, 
by weaving together research on adaptive expertise, 
mental simulation, and reflection-based coaching, this 
study brings additional clarity to the ‘what’ and the 
‘how’ of effective coaching to promote student-centered 
teaching practices across schools and contexts.
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