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ABSTRACT KEYWORDS

In this study, we report results from a novel coding of the Measures of Classroom observation;
Effective Teaching (MET) Study data that offers evidence on a set of discourse; support;
teacher discourse measures in the domain of teacher support including: ~ &"92gement; motivation
public praise vs. admonishment, autonomy support vs. controlling lan-

guage, strategy suggestion vs. lack thereof, and discourse supporting (vs.

undermining) learning mindsets. Novel coding of these constructs is paired

with extant measures of instruction and achievement in the MET data.

Several of the newly coded discourse measures have promising features,

including high lesson- and teacher-level variability, and convergent and

discriminant validity with existing protocols. We also report possible associ-

ations with change in achievement over two years.

Introduction

It is widely acknowledged that teacher observations provide a critical external source of informa-
tion to spur teacher learning and instructional growth (Clarke & Hollingsworth, 2002; Goe et al.,
2012; Praetorius & Charalambous, 2018). As a target of observation, prior research has identified
teacher support, including socio-emotional supports, broadly construed, as an essential element of
effective instruction, particularly in mathematics (Scheerens, 2014; Shernoff, 2013). But what form
and focus should teacher observation to inform understanding of teacher support have? To date,
much research has focused on global observations of teacher support practices, where observers
provide summary ratings of teacher support practices (Hamre et al., 2013; Hill et al., 2008; Li
et al, 2020). In this study we focus on a complementary research question: Is supportive dis-
course a promising candidate for the focus of a fine-grained program of research on instructional
practice?

To answer this question, we focus on exploring a set of measurement properties in novel data
on teacher support practices as enacted via discourse in middle-school mathematic classrooms
including: overall lesson-to-lesson variability as well as teacher-to-teacher variability in discourse
practices, internal consistency, convergent and divergent validity with global protocols, and asso-
ciations with achievement scores. We envision the measures investigated in this study as broadly
useful in the analysis of classroom instruction, including: (1) research on differences across class-
rooms and schools in typical instructional practices and their effects, as well as (2) professional
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development uses in a variety of pre- and in-service contexts where analysis of instruction can
support teacher learning.

The support measures investigated in the present study pertain in particular to socio-emotional
supports that address students’ need for competence (Newmann et al., 1992) as well as social
comparison and equity in heterogeneous classrooms (Cohen & Lotan, 1997). We also include
learning strategies as an element of support, which may reduce anxiety and failure-avoiding
behaviors when confronting difficult material. Socio-emotional and motivational supports may be
particularly important in mathematics, a subject in which many students experience achievement
anxiety (Wigfield & Meece, 1988) and where levels of interest and enjoyment may be lower than
in other subjects (Shernoff et al,, 2003). Our focus on mathematics is also motivated by prior
research showing a strong relationship between teacher support and student engagement and
learning in this domain (Bishop, 2021; Franke et al., 2015; Kelly & Zhang, 2016). Lastly, our focus
on observing and coding teacher discourse is motivated by research demonstrating that socio-
emotional and motivational supports in mathematics education is revealed and enacted through
teacher discourse (e.g., Turner et al., 1998, 2002).

Relative advantages/disadvantages of global vs. fine-grained measures of instruction

Currently, the vast majority of observation-based teacher evaluation and professional development
efforts utilize in-person observation with global protocols (Kelly et al., 2020), which provide a
summary evaluation of multiple domains of instruction from observers’ overall review of class-
room processes. In contrast, we argue that a paradigm shift in methods of teacher observation is
needed, toward fine-grained measures of instruction (Kelly et al., 2020, Kelly, 2023).

Although some global protocols have special emphases, one strength is that they are generally
quite comprehensive of a large set of domains of instructional practice (Praetorius &
Charalambous, 2018). For summative assessment, that comprehensiveness is essential, helping to
avoid construct under-representation in measurement. Additionally, global protocols are scored
over an interval of time, and thus cover all instruction and are not restricted to particular meth-
ods/modes of instruction (lecture, question and answer, seatwork) or classroom activity structure
(e.g., whole class vs. small group or individualized). Moreover, many protocols are designed to be
used flexibly across a variety of subject-matter areas and/or grade levels. In our view, they are
well-rooted in the educational sciences of best practices, with content evidence that the domains
and indicators constitute effective practice. Overall, global protocols offer a valuable complement
to the use of survey reports of instruction and test-based inferences on teaching quality (Kelly
et al., 2020). Finally, it is important to note that the overall use of global protocols is not
restricted to producing scores used in teacher accountability systems. For example, their use may
enhance professionalization by providing teachers and administrators with a shared pedagogical
language (Goldring et al., 2015).

Yet, the comprehensiveness, broad applicability, and overall utility in summative assessment of
global protocols comes with limitations and tradeoffs (Bell et al., 2014; Gitomer et al., 2014;
White, 2018). Most obviously, the large grain-size of measurement means that teachers are pro-
vided with feedback for improvement only in general domains, and without much precision.
Indeed, global protocol scores tend to cluster in a few modal categories, limiting their ability to
guide improvement (Kelly et al., 2020). For example, in the data analyzed by Kelly et al. (2020),
on the eight sub-domains of Danielson’s Framework for Teaching (FFT), the proportion of
teacher observations in the middle two out of four categories (basic, proficient) ranged from a
low of 87% (Using Question and Discussion Techniques) to a high of 96% (Communicating with
Students). In contrast, fine-grained measures seek to provide feedback very precisely, for example
at the level of individual utterances, seconds of time-use, or individual assignments or tasks (e.g.,
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Caughlan et al.,, 2013; Gamoran et al.,, 1995). As a result, improvements or changes in instruction,
even very incremental changes, can be documented.

Another central feature of global protocols is their inherent focus on a continuum of effective
practice, that is, the strong valencing of instructional practice as effective or ineffective. This qual-
ity precludes more careful inquiry into teachers’ curricular and pedagogical emphases, tradeoffs
in time use, and instructional practices where competing theoretical perspectives preclude an a-
priori judgment of best practice. Stated differently, in focusing solely on a continuum of effective
practice, existing global protocols lack the agnostic quality that would allow a program of
research to empirically uncover non-obvious, novel relationships between instructional practice
and outcomes (Kelly, 2023). Here, we are referring to an agnostic approach to measurement itself
rather than hypothesis generation. That is, specifically, that measures are defined without regard
to an underlying relationship to effectiveness. For example, in the present study we measure the
prevalence of teacher praise and admonishment, and while theories of instruction and learning
that stress students’ need for competence (Archambault et al., 2010; Newmann et al., 1992) would
suggest that the presence of teacher praise is desirable, other research shows more positive motiv-
ational outcomes of negative teacher emotions like anger (Taxer & Frenzel, 2020). Thus, our
measures simply identify whether praise or admonishment is occurring, not whether it was effect-
ive at that moment of instruction (e.g., the admonishment could be directed toward a student
bullying another). In contrast, many global observation protocols presume effectiveness as part of
the coding. Thus, while much of the praise and admonishment coded here might serve to assign
competence to students (see e.g., Cohen & Lotan, 1997) or undermine students’ sense of compe-
tence, this should not be assumed during coding. Rather, it is recommended that coders
simply code occurrences of praise and admonishment, whose effects can later be empirically
uncovered.

Considering the use of aggregate data from systems of teacher observations, we argue that this
focus on a continuum of effective practice, along with the basic rough, qualitative nature of lesson
scoring in global protocols, means they might not be well-suited to assess variation in opportun-
ity to learn specific content, or to document large-scale changes in instructional emphases
over-time. Indeed, while many protocols stress multiple domains of instructional practice, factor
analytic analyses of the covariance structure of scores suggests fewer instructional constructs are
present/referenced in actual use (Aucejo et al., 2022; Humphry & Heldsinger, 2014; Liu et al,
2019; McCaffrey et al., 2015). As an example, consider that standards in mathematics education
increasingly stress the incorporation of statistical logic in secondary mathematics classrooms
(NGA and CCSSO, 2010). Documenting the changing presence of that content in the curriculum,
the allocation of instructional time, and the nature of tasks, assignments, examples, etc., would
likely necessitate more fine-grained measures including tools like the Survey of Enacted
Curriculum (Porter et al., 2011) which provides a summary map of curriculum defined by both
topical content and cognitive demand.

Yet, by their very nature, fine-grained measures that rely on intensive human coding tend to
be difficult and expensive to implement. Thus, in the past, such systems have been primarily used
in research settings (e.g., Gamoran & Kelly, 2003; Howe et al., 2019; Murphy et al., 2009; Taylor
et al., 2003) and in pre-service teacher preparation (e.g., Juzwik et al., 2013; Kucan, 2009). Today,
automated methods of observation and analysis offer the possibility of efficient, fine-grained
observation of instruction (see e.g., Franklin et al., 2018; Jacobs et al., 2022; Jacoby et al., 2018;
Jensen et al, 2021; Kelly et al,, 2018; Liu & Cohen, 2021; McCoy et al, 2018; Ramakrishnan
et al., 2021; Watson et al., 2021). However, in order to realize the potential of such automated
systems, they must be balanced and comprehensive, not narrowly tailored around single con-
structs, and must be validated on a number of dimensions affecting robust use. This is precisely
what we aim to do here with an emphasis on the support domain.
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The support domain in mathematics

While educational researchers have not reached full consensus concerning the set of abstract con-
structs that provide the building blocks for understanding effective instruction, the support
domain, including emotional and motivational supports, appears in many instructional typologies
(Nilsen & Gustafsson, 2016; Scheerens, 2014; Shernoff, 2013). Referencing Shernoff’s two-
component model of instruction featuring challenge and support, support refers to instructional
practices that helps students to meet various challenges inherent to learning novel material and
negotiating the social environment of schooling and classrooms.

Supportive classroom instruction, broadly construed, is associated with student engagement
(Furrer & Skinner, 2003; Kelly & Zhang, 2016; Wang & Eccles, 2012), academic achievement
(Patrick et al., 2007; Perry et al., 2007), and subjective well-being (Suldo et al., 2009; Tennant
et al., 2015). Support from teachers may be particularly important in math, where many students
experience achievement anxiety (Wigfield & Meece, 1988), as well as for students who might
struggle academically (Hamre & Pianta, 2005). It is not easy to characterize the reported level of
support found in studies of classroom instruction: observational reports find that teachers are
generally quite supportive of students (e.g., NICHD-ECCRN, 2002; Perry et al., 2007), while stu-
dents’ own reports are less positive (Klem & Connell, 2004). It is clear however, that teacher sup-
port, as experienced by students, is highly variable both within and between classrooms
(Battistich et al., 1995; Van Houtte & Van Maele, 2012; Schenke et al., 2018), and that variability
is very noteworthy for example in the focal math classrooms in the Education Longitudinal Study
(Kelly & Zhang, 2016).

What does teacher support look like in Math classrooms? First, consistent with basic models
of engagement (Battistich et al., 1995; Marks, 2000; Newmann et al., 1992), support likely entails
some universal if abstract principles like valuing student ideas, treating students with respect and
fairness, and conveying expectations of learning and success. Yet, mathematics offers some par-
ticular engagement challenges, where students’ perceived difficulty levels and anxiety are high,
and yet interest and enjoyment levels are lower than in other subjects (Goetz et al, 2007;
Shernoff, 2013). Thus, research in math instruction has often focused in particular on how teach-
ers aid comprehension and interest (Patrick et al., 2007; Skinner & Belmont, 1993; Sakiz et al.,
2012; Turner et al, 1998, 2002). For example, focusing on discourse practices that promote
engagement, Turner et al.’s (1998, 2002) observational research emphasizes supportive discourse
that helps students negotiate meaning and transfers responsibility to students to learn (e.g., hav-
ing students “think aloud” as they solve math problems, or explain their reasoning), as well as
motivational discourse (e.g., using humor to reduce anxiety about a tough problem, positioning
errors as constructive, etc.). Focusing on the role of teacher affective support, Sakiz et al
(2012) found significant associations between perceived teacher affective support and middle
school math students’ feelings of belonging, self-efficacy, academic enjoyment, and academic
effort.

Focal discourse practices in current study

The literature on mathematics instruction offers many instructional constructs related to and
comprising teacher support, and even overall instructional frameworks such as the Responsive
Classroom Approach and the Mathematics Scan (Ottmar et al., 2015). The Mathematics Scan (M-
Scan) was conceptually influential in our work, providing a starting point for developing codes.
The M-Scan is a global observation protocol assessing standards-based mathematics instruction
on eight domains, including the Mathematical Discourse Community (Berry et al., 2010).
However, that tool was designed to produce an ordinal, Likert-scale scoring of over-arching
instructional domains/practices, and thus was just a starting point. In contrast, our project goals
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entailed utterance-level measurement, prefacing later automated classification in future research
(Hunkins et al., 2022). Additionally, given study constraints, it was not possible to identify an
exhaustive or fully-comprehensive set of support related constructs. Thus, we inductively identi-
tied four paired discourse constructs: Public Evaluation of behavior and achievement, or valence
of evaluation (Praise vs. Admonishment); Autonomy Support (vs. controlling language); Strategy
Suggestion (vs. lack of strategy); and Learning Mindset supportive discourse (vs. mindset under-
mining discourse).

We treat these constructs as components of a formative, multidimensional model of support
(see White et al.,, 2021 and Kelly et al. (2024) for discussion of formative models), displayed in
Figure 1. Note that in Figure 1 the arrows depict the direction of causality being from the meas-
ures to the construct, a key feature of formative conceptualizations (Jarvis et al., 2003). In particu-
lar, although we view these conceptually as members of a class of support related discourse
practices, we do not necessarily view these as reflecting an underlying latent support construct,
such that a high internal consistency is implied (Jarvis et al., 2003). Certainly, we do not assume
they are all equally well-suited for incorporation into a fine-grained, discourse-based system of
instructional measurement, instead we investigate that question here.

Although the process was inductive, we were guided by both general theories of engagement,
discourse, and learning in heterogeneous classrooms previously cited, as well as conceptual frame-
works in mathematics including the Mathematics Scan in particular (Carpenter & Lehrer, 1999;
Langer-Osuna, 2017; Ottmar et al., 2015). The inductive coding approach efficiently identified
salient variability in anticipation of eventual automated classification of discourse.

Public evaluation, including praise and admonishment is likely to interact with students’ need
for competence; where higher ratios of praise to admonishment assign competence and affect stu-
dent engagement (Cohen & Lotan, 1997; Newmann et al., 1992). In this case, the nature of public
evaluation may affect the feedback-efficacy-effort loop, reducing the likelihood of students with-
holding effort (Schunk & DiBenedetto, 2016). Alternately, the ratio of praise to admonishment
may operate more generally, affecting teacher liking and classroom goodwill; but note that one of
the few observational studies on related constructs, Schenke et al. (2018), did not find a statistic-
ally significant relationship between observed teacher unfairness/unfriendliness and student per-
ceptions of emotional support.

The use of praise, particularly descriptive praise, is a well-established best practice in early-
childhood education, and is linked with a variety of positive outcomes for students with emo-
tional and behavioral disorders in particular (Sutherland et al., 2000). The prevalence of praise
among older students has also been studied empirically, although it is not clear that sufficiently
large-scale, generalizable research has occurred since Brophy’s (1981) review to adequately

Public Autonomy Strategy Learning
» p Mi
Evaluation Support Suggestion findset
Admonishment Autonomy Strategy Mindset
v Support vs. Support Support vs.
P s Controlling vs. Lack of Mindset
o Language Strategy Undermining

Figure 1. Formative model of support related constructs.
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characterize teacher-to-teacher variability in offering praise or its effects (Jenkins et al.,, 2015).
However, intervention studies, based on the finding in some literature that rates of praise are low
(e.g., Brophy, 1981), have shown effectiveness in raising the incidence of teacher praise through
performance feedback (Hemmeter et al., 2011; Sweigart et al., 2016).

Autonomy support is a central concept in models of teaching and engagement that stress stu-
dent self-determination (Greene et al., 2004; Stefanou et al., 2004; Su & Reeve, 2011). While we
anticipate many elements of autonomy support relate to the nature of classroom tasks and assign-
ments, and the provision of choice in those assignments, teacher discourse, including the absence
of controlling language is a key feature of autonomy provision, and part of Reeve and colleagues’
successful Autonomy Supportive Intervention Program (ASIP) for teachers (Cheon & Reeve,
2015). In their study of field notes from 106 elementary school classroom observations Bozack
et al. (2008) found that opportunities for choice were infrequent and characterized instruction as
“teacher centered, teacher directed, and teacher controlled.”

Strategy suggestion is a potentially important form of support helping students meet learning
challenges that would otherwise cause anxiety or confusion (Shernoff, 2013). For example, strat-
egy suggestion (e.g., concept mapping) features prominently in Guthrie and colleagues’ Concept
Oriented Reading Instruction (CORI) intervention (Guthrie et al,, 2007). A related question is
whether the teacher herself is well-guided by a strategic understanding of content learning and
common barriers to learning (see e.g., Staples, 2007 case study in Algebra instruction), but we
restrict our investigation here to explicit strategy instruction to students.

Of the four constructs, Learning Mindset supportive discourse is the most internally heteroge-
neous (see coding definition below), as it captures discourse expressing the relevance of mathem-
atics in students’ lives (see e.g., Hulleman et al., 2017; Matthews, 2018), but also growth mindsets
(Blackwell et al., 2007; Rattan et al., 2012) and social belonging (NRC & IM, 2004; Osterman,
2000; Walton & Cohen, 2007). Although each of these components are conceptually distinct, the
discourse coded as learning mindset supportive share a common property/feature in referencing
enduring properties of the learning environment and approaches to learning in the classroom, as
opposed to the more discrete occurrences of praise/admonishment, etc. Overall, collectively such
discourse may affect the assumptions and understandings students hold about themselves, others,
and the learning environment that guides behavior (see definition of mindset in Brooks et al.,
2012, p. 541). In one empirical example, Bayer et al. (2020) combined these three concepts into a
summary RBG index (for Relevance, Belonging, and Growth), finding associations with achieve-
ment outcomes in economics classrooms. Additionally, while we appreciate that in other data,
researchers might begin by treating these individual components separately, in this study we
found they occur only rarely, and even when combined, are the rarest of the four paired con-
structs (see Table 2).

Importantly, we recognize that these four support constructs are not exhaustive of important
discourse moves affecting engagement and learning in mathematics. But how promising are these
as discourse constructs (as instantiated here in specific codes, and at the utterance level) as part
of a fine-grained program of research on instructional practice? To address this over-arching
question we pose the following specific research questions:

RQ1. How prevalent are the measured support-related practices?
RQ2. How much do supportive discourse practices vary from lesson to lesson, and teacher to teacher?
RQ3. Are the measured discourse practices internally consistent?

RQ4. Do the discourse-based measures of support considered have convergent (and divergent) validity with
global protocols of instructional quality?

RQ5. Are levels of support associated with student achievement outcomes?
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Data and methods
Data

Results are based on a new coding of 156 grade 6-8 math videos, each 15min in length, from 73
class sections (also 73 teachers) in the longitudinal Measures of Effective Teaching (MET) Study.
Thus, we analyze approximately 2.14 video segments per teacher. The MET study was funded by
the Bill and Melinda Gates Foundation to investigate ways to identify and develop effective teach-
ing and is available by restricted-use license through the Inter-University Consortium for Political
and Social Research (MET Project, 2012, 2014). The MET Study collected data on teachers’
instructional practices in six large (but not limited to urban central city schools) school districts
over a two-year period from 2009-2010 to 2010-2011. MET offers an exceptionally rich corpus
of observational data, random assignment of teachers to students, and other features described in
the MET user guide (ICPSR document 34771). At this time, although somewhat dated, these fea-
tures continue to make MET a particularly valuable corpus of observational data. MET was
designed to incorporate data from student assessments, teacher assessments, classroom observa-
tions coded with multiple protocols, and student perception data. In addition, a corpus of video
data is available for new coding, intended to supplement and extend the original observational
coding of instruction.

Newly coded data for this project was merged with existing data on more than 1400 students
nested within sample class sections. OQur analytic sub-sample of 156 MET videos is a stratified
random sample from a set of 446 available high quality audio math section videos in year 2, in
which additional ancillary measures are available. Videos were stratified by the dispersion (SD) in
overall Tripod scores (a measure of student perceptions of the classroom learning environment),
oversampling high- and low-dispersion class sections, in an effort to better capture a wide range
of instructional environments. As in the overall MET data, our analytic sample of students and
teachers is very diverse, yielding: a student sample approximately 52% male, 47% free- or
reduced-price lunch, 33% Latinx, 29% Black; and a teacher sample of approximately 30% male,
39% Black, 10% Latin, with 11.3 years average experience.

Methods

Discourse coding process

To ensure high levels of coder concentration in each video, a random 15-min time interval was
selected for coding, making sure disciplinary instruction in mathematics was occurring (as
opposed to a classroom interruption, test-taking, “housekeeping” tasks, etc.). Unfortunately, only
an approximate matching of new coding efforts to the existing protocol scores is possible in MET
for several reasons. First, in some cases, different videos were coded with different extant proto-
cols. Second, only a subset of videos is made available in the restricted use data (about 63% in
one calculation with specific sample restrictions). Third, and most problematic, only the entire
hour-long video is made available for secondary data analysis, with no indication of start and end
times for the segments scored for the extant protocols.

Using a set of initial development videos, the project coding guide was developed by senior
study members. We provide this coding guide in an Online Appendix, slightly modified (the ori-
ginal version for coders contained reference to specific MET videos, access procedures, etc.).
Thereafter, graduate and undergraduate students were trained to use the protocol and coding
reliability was verified at both the utterance and observation level in an initial sample of 15 dou-
ble-coded observations (see below). We did not have sufficient study scope to conduct a decom-
position of variance reliability analysis (see White, 2018), but our key measure of reliability, the
observation-level correlation of prevalence rates across raters (i.e., how well did the estimated rate
of praise align across the 15 observations, etc.) was so high in most cases, disagreements about
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particular utterances did not have strong impact on subsequent analyses. After establishing basic
reliability, all remaining files were then coded using an expert-review process, where initial codes
were reviewed and corrected by a lead coder (second and third authors), with most corrections
entailing additional nominations (see below) missed in the first coding. Although the discourse
constructs are somewhat subjective (such that ratings free from classical measurement error might
still vary), we do view rater-to-rater differences as reflecting random measurement error and
errors in concentration, etc., such that review by lead coders is beneficial. For example, note that
the coding of the existing global protocols in MET had very different reliabilities for basic vs.
expert coders (see discussion and statistics cited in Kelly et al., 2020). Thus, we believed a lead-
coder check was useful in this context.

We used a nomination-coding process to identify teacher utterances exhibiting a given dis-
course property, as opposed to an exhaustive coding process where all speech is transcribed, seg-
mented, and coded. After nominating an utterance, the teacher speech was entered into an excel
database, along with the code and time-stamp (to facilitate future automated analyses). The utter-
ances were naturally and flexibly bounded by the coder to contain the content signaling the nom-
inated support code, which varied in length from as few as 2-4 words (for praise and
admonishment) to a median of 24 words for strategy suggestion. This approach yields count data,
for example, the number of instances of public praise (per 15-minute interval of time), and ratio
data within each of the four discourse domains (e.g., the ratio of praise to admonishment, a rela-
tive measure of public evaluation).

Discourse measures
Table 1 provides descriptions and examples of each of the four paired discourse measures.

Public Evaluation of behavior was identified as: public statements of praise, calling out an
individual, group of students, or the entire class for ideal or desirable behavior or achievement;
or alternatively, public admonishment of a student(s) for disruptive, inappropriate, or undesirable
behavior. In these data, empirically, admonishment seldom if ever occurred for incorrect
responses or achievement, and instead targeted behavior. Thus, in practice, the two parts of this
paired coding pertained to evaluation of different domains of classroom life. Importantly, simple
statements of correctness or incorrectness were not coded as evaluation, the evaluation had to be
at least minimally elaborated (e.g., for praise, “very good,” “nice work,” or “great job” are suffi-
ciently elaborated to be coded as praise).

Autonomy Support encompassed a set of discourse practices where students were: provided
opportunities for choice; students were expressly directed to engage in independent thinking;
alternative solutions were acknowledged and affirmed; opportunities for shared decision-making
were offered; or students were allowed to set their own level of challenge. In contrast, controlling
language explicitly emphasized students’ lack of autonomy and choice; for example, indicating
there is only one right answer or method for completing an activity. Of the three forms of auton-
omy support identified by Stefanou et al. (2004), our coding focused on support for cognitive
and procedural autonomy, with less emphasis on organizational autonomy.

Strategy Suggestion in our codebook includes: providing alternative strategies for solving a
problem, referencing prior material as a way to understand new material, sharing tips or tricks
for remembering material, sharing tips for learning in school overall (e.g., attending tutoring ses-
sions, different study strategies), and providing a tool or scaffolding. Strategy suggestion does not
include the simple definition or explanation of concepts and was only coded if it included actual
strategies for learning (e.g., employing a process of elimination, searching for context clues, etc.).
Lack of strategy was coded only when teacher discourse explicitly emphasized a lack of strategy,
as when students were told to “just remember something” or “just figure it out.”

Learning Mindset supportive discourse included language related to relevance and personal
connections, growth mindsets, and social belonging. Statements that support relevance and
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Table 1. Description and examples of focal discourse practices.

Examples
Paired discourse construct Positive Negative
Public Evaluation
Description: Public praise. Calling out an individual, group of Public admonishment. Calling out an
students, or entire class for ideal or desirable individual, group of students, or entire
behavior. class for disruptive, inappropriate, or
undesirable behavior.

Examples: “Beautiful work, ladies, you're rock stars!” “Excuse me [NAME], for someone who's
not feeling well you really are running
your mouth”

Autonomy Support
Description: Autonomy. Providing students with a choice Controlling language. Emphasizing the lack
between activities or strategies. of opportunity for autonomy and
choice. Often indicates that there is
only one right answer or method for
completing an activity, and that
students do not have agency in how
they complete the task.
Examples: “Now you can do this individually or you can do “Did it say to do it that way? This is the
this in groups.” method we're using. You have to do
“Okay, and some people have different ways exactly as it says”
of checking their answer.”
Strategy Suggestion
Description: Strategy suggestion. Strategy suggestions include Lack of strategy suggestion. Lack of
sharing techniques, tools, or tips for learning strategy
and understanding material. often refers to “just remembering

something,” rather than providing a
concrete solution for doing so.
Examples: “How do you usually compare fractions? ... You “Just remember it that way”

normally turn them into decimals ... So if you

go to do an experiment in the future and the

denominators are not the same, you have two

choices. You can go ahead and turn them

into the same denominator or you can turn

them into decimals.”

Learning Mindset

Description Learning mindset-supportive language. Language Learning Mindset-Undermining Language.
that explicitly supports growth mindset, Language that explicitly undermines
purpose and relevance, and social belonging. growth mindset, purpose and relevance,

and social belonging.

Examples “Do you see intersecting lines like everyday? “Usually, the way it's going to work is, you
Where?” [personal connections/relevance] fail it the first time, there’s a really
“Everyone can learn this, but sometimes you good chance you're going to fail it the
need to try different study strategies to find second time.”

what works best for you.” [growth mindset]
“We're a team in this class, so | want you all
to work together to figure this out.” [social
belonging]

personal connections might entail connecting course material to real-world activities or topics,
connecting to students’ interests, families, or communities, or encouraging students to think
about their own reasons for valuing material. Statements supporting growth mindsets included
highlighting how mistakes lead to learning and growth, conveying the belief that all students can
learn and do well in math, and suggesting or praising approaches to learning consistent with a
growth mindset. Social belonging related language may underscore students’ connection to peers
and classmates, that students are cared for by teachers, valued at this school, and acknowledged
that it is normal to have feelings of not fitting in. As with other codes, mindset undermining dis-
course is not just the absence of supportive discourse, but language that actively undermined a
growth mindset, relevance, or social belonging.
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Table 2. Reliabity and basic properties of nominated teacher discourse measures in the support domain: Counts and Ratio
measures. N=2,818 utterances in 156 15-min instructional observations. Reliabilities from 15 double-coded observations
(N=303).

Prevelence & Teacher-to-Teacher ~ Convergent & Divergent
Inferential Target Reliability Variability Variation Validity®

Correlations

Obs-Level
Statistics % Agree Kappa Corr Mean (SD)  Min, Max ICC (SE) CLASS_PC CLASS_SE MQl
# of Utterances 18.08 (10.38) 9, 104
Counts
Praise 96.0 .87 98 4.52 (3.85) 0,18 .33 (.10) A3 .06 12
Admonishment 92.7 .82 .99 6.56 (7.28) 0, 44 45 (.09) —33FFF _4FFX 06
Autonomy Support 96.0 .58 .87 1.23 (1.20) 0,5 .25 (.10) 27FF* 26%*%  —05
Controlling Language  94.1 67 93 1.54 (1.45) 0,8 .23 (.10) -.10 -.15 —.08
Strategy Support 94.7 .82 .89 2.31 (1.51) 0,7 .07 (11) Al .06 .06
Lack of Strategy 99.3 .50 42 0.17 (.34) 0,2 .03 (.11) .01 —.01 .00
Mindset Support 98.7 .88 97 1.05 (1.09) 0,6 43 (.09) 12 1 .06
Mindset Undermining ~ 99.3 .87 .96 0.50 (.70) 0,3 .01 (.11) —.20% —-22%*%  —16
Cronbach’s o = .10
Ratios (positive/(positive + negative))
Praise Ratio 0.44 (.24) 24%* 28%F* 05
Autonomy Ratio 0.46 (.28) 29%HK 27FFF 06
Strategy Ratio 0.94 (.13) .00 .02 .00
Mindset Ratio 0.82 (.24) 8% 23%* 13

*p < .05, ¥*p < .01, ¥**p < .001.
2CLASS_PC (Overall Class Score); CLASS_SE (CLASS Student Engagement Score); MQI (Mathematical Quality of Instruction
Score.

Inter-rater reliability

Fifteen double-coded observations yielded 303 nominated codes (see Table 2). Absolute agree-
ment ranged from a low of 92.7% for Admonishment to 99.3% for Lack of Strategy and Mindset
Undermining discourse. Taking into account the base rate of expected agreement due to chance
(which is very high for low incidence rate codes), Kappa statistics ranged from a low of .50 (Lack
of Strategy) to .87-.88 for Praise and Learning Mindset Supportive and Undermining discourse.
As in prior work, we place the most emphasis on observation-level correlations between double-
coded observations as evidence of reliability (i.e., did the two observers agree on the observation-
level prevalence of a given form of discourse), which were above .85 for all measures except lack
of strategy suggestions, which has an exceptionally low incidence rate. Thus, with the obvious
exception of Lack of Strategy, all measures demonstrated high reliability.

Extant dependent measures

We analyze three scores (see Table 2) from global observation protocols coded as part of the ori-
ginal MET study: The overall CLASS score (CLASS_PC), CLASS student engagement score
(CLASS_SE), and holistic overall Mathematical Quality of Instruction score (MQI_OVERALL_
HOL). The first two provide potential evidence of convergent validity, with substantial construct
overlap with the novel discourse measures we coded. Association with MQI provides potential
evidence of divergent validity, as MQI focuses more heavily on teacher accuracy with content and
meaning-focused instruction (MET Project, 2012) than support domains. In Table 3, we analyze
two types of achievement data, the state administered mathematics achievement tests (available as
both pre- and post-test measures), and the Balanced Assessment of Mathematics (BAM), which is
available only as a post-test. BAM differs from traditional standardized tests in presenting stu-
dents with a small number of detailed tasks (n=4-5) which are then scored globally on four
dimensions of mathematical thinking (modeling/formulating; transforming/manipulating; infer-
ring/drawing conclusions; and communicating).
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Statistics and models

Newly coded measures of instruction were merged with the larger MET database to facilitate a
variety of descriptive and inferential analyses. In Table 2, in addition to basic descriptive statistics
describing the prevalence and variability of each construct, we report the ICC from a decompos-
ition of variance to measure the extent of teacher-to-teacher variation (as opposed to lesson-to-
lesson variation). We also report a measure of overall internal consistency (Cronbach’s alpha) of
the set of indicators. If each of our constructs were parallel measures of a single construct of
“support” and measured with some precision, they would have a high average inter-item correl-
ation (a key component of Cronbach’s alpha). Yet, we have conceptualized these measures from a
more formative perspective, and as we show, the alpha measure of internal consistency is very
low in this case. Next, we report correlations with the CLASS and MQI measures as measures of
convergent and divergent validity. Finally, drawing on MET’s longitudinal data structure, Table 3
reports a series of three saturated multilevel regression models (unstructured variance-covariance
structure of the random effects) of mathematics achievement as a function of the full set of dis-
course measures (expressed as ratios, e.g., praise/(praise + admonishment)) and the following con-
trols for classroom composition: student age (in years), gender, race/ethnicity (Black, Hispanic,
Asian, American Indian, and Other; special education status; gifted status; English language
learner status (ELL); and free-lunch status; see Brown et al. (2023) for recent discussion of the
robustness of rich-covariate adjustment methods in educational research. Among student back-
ground measures, missing data arises from one district that did not report gifted status and
another that did not report free-lunch status (Common Core of Data identifiers are not available).
The first two models are a regressor-variable and a change-score (see discussion in Kelly & Ye,
2017) specification respectively with state tests, while the third presents association with the BAM
assessment.

Results

Table 2 reports basic properties of the four sets of paired teacher support discourse measures. To
very briefly summarize the overall findings in Table 2: with the exception of expressions related

Table 3. Association between ratio-form nominated teacher support discourse measures and student math achievement.
Multilevel models (STATA xtmixed, mle estimation). N =73 class sections. SE shown in parentheses.

Model m ) (3)

DV State Math 2011 State Math 2011-2010 BAM
Number of students 1,630 1,635 1,452
Constant .08 (.34) —.60 (.34) 2.39
State Math 2010 61 (02)***

State English 2010 13 (.02)***

Praise Ratio .04 (12) .09 (113) —.23 (.23)
Autonomy Ratio A7 (12) .08 (.11) .50 (.20)*
Strategy Ratio 18 (.22) .36 (.21) —.35 (.38)
Mindset Ratio .06 (.12) 21 (12) —.37 (21)
Age —.02 (.02) .01 (.02) —.15 (.03)***
Male —.01 (.02) —.04 (.03) —0.01 (.04)
Gifted .15 (.05)** .00 (.05) .39 (.08)***
Special Educ —.06 (.06) .02 (.06) —.36 (.09)***
ELL .00 (.04) .06 (.05) —.29 (.07)***
Free Lunch —.08 (.03)* —.04 (.03) —.19 (.05)***
Free Lunch Miss. —.12 (.08) —.10 (.08) 51 (.14)***
Black —.10 (.04)* .01 (.04) —.38 (.06)***
Hispanic —.05 (.04) —.05 (.04) —.11 (.06)
Asian 17 (.06)** .06 (.06) .23 (.09)**
American Indian —.10 (.15) .04 (.17) —.40 (.22)
Race Other —.07 (.08) —.05 (.09) —.10 (.13)

*p < .05, ¥*p < .01, ¥**p < .001. BAM = Balanced Assessment of Mathematics.
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to strategy use, the three remaining paired sets occur with some regularity (RQ1) and vary from
lesson to lesson and from teacher to teacher (RQ2). In addition, Public Evaluation, Autonomy
Support, and Learning Mindset undermining discourse are correlated in the expected direction
with the CLASS observational protocol (demonstrating convergent validity—RQ4), and much less
so with MQI, as anticipated evidence of divergent validity (RQ4). Finally, although the teacher
discourse constructs investigated here are found regularly in the literature on teacher support and
instructional effectiveness, we find very little internal consistency (e.g., average inter-item covari-
ance—RQ3) whatsoever among these measures in this observational data (Cronbach’s alpha =
.10). Importantly, internal consistency was not implied in our measurement approach—the set of
measures is not intended to reflect an underlying central tendency in teacher support. Instead,
the measures constitute a set of support-related discourse features that may, formatively, have
consequences for the classroom learning environment (see Jarvis et al., 2003 for discussion of
internal consistency in formative measurement models).

Returning to the basic prevalence (RQ1) and variability (RQ2), the focal discourse codes in
this study occur with regularity—approximately 18 support-related utterances were nominated in
each 15min lesson segment. The sum of positive codes (9.11) was similar to that of negative
codes (8.77). Turning to specific codes, both Praise and Admonishment occur frequently and
have large total variation (SD), with Admonishment being somewhat more common in these data
(Praise Ratio of .44). The prevalence of Public Evaluation is also highly variable from lesson to
lesson (SDs of 7.28 and 3.85 for Praise and Admonishment respectively) and teacher to teacher
(ICCs of .45 and .33). Autonomy Support, and its antithesis, Controlling Language, occur in
about equal measure, vary substantially from lesson to lesson and teacher to teacher, but overall
were nominated less frequently than evaluative codes. Learning Mindset supportive discourse
occurred much more frequently than Mindset Undermining discourse, which occurs only about
once every other observation. Interestingly we see very little variance across teachers in Mindset
Undermining discourse; Although relatively rare, almost all teachers occasionally used such dis-
course. Lack of strategy use occurred even more rarely (not quite once every five lessons), and
moreover it was difficult to code reliably (e.g., Kappa of .50). While in theory this form of dis-
course is recognizable enough (e.g., phrases like, “Just figure it out, please.”), in practice it appears
to be rare and difficult to identify.

Although prevalence rates are not related, by definition, to the effect of a discourse move, the
prevalence rate is related to the likelihood of documenting a substantial, pair-wise difference in
any given set of observations (e.g., in comparing two different teachers, or the same teacher’s les-
sons in different periods of the day, or on different days). When prevalence rates are extremely
low, any given pair of observations is likely to look exactly the same on that construct, such that
a priori, the chance of offering any meaningful comparison whatsoever is reduced. Thus preva-
lence rates affect the utility of an observation, especially in smaller scale research, professional
development efforts, and so on.

Among the three sets of measures where both positive and negative measures are prevalent
and reliably coded (i.e., setting aside Strategy Suggestion due to issues with coding Lack of
Strategy), all ratio-measures (lower panel of Table 2) show statistically significant associations
with scores on the CLASS protocol (ranging from .18 for Mindset Ratio, CLASS_PC to .29 for
Autonomy Ratio, CLASS_PC), but null (smaller and non-significant) associations with MQI (dis-
criminant validity). Interestingly, examining the upper panel of results for the count variables,
these associations appear to be driven primarily by either the positive or negative expression of
the discourse form but not both. That is, Admonishment is associated with CLASS, but not
Praise, Autonomy Support but not Controlling Language, and, somewhat unexpectedly given the
lack of teacher-to-teacher variance, Learning Mindset Undermining and not Mindset Supportive
discourse.
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In evaluating the correlations between our novel, fine-grained measures of teacher support and
the existing measures of instruction in MET, consider that the low reliability of the existing
observational measures in MET is well documented (MET, 2014) and will tend to drive down
non-measurement error-corrected correlations such as those in Table 2. Second, the measures
being compared in Table 2 are fully independent—common-mode effects present in many studies
of the classroom learning environment are known to drive up correlations (Mihaly et al., 2013).
Thus, the reported associations with CLASS do provide evidence of convergent validity. In con-
trast, we did not expect significant associations with MQI because of the different focus that
instrument takes—we interpret the comparative lack of correlations with MQI as evidence that
common-mode effects are not responsible for the associations we do find with CLASS.

Table 3 explores the relationship between our novel codes for supportive teacher discourse
and student achievement in the MET data (RQ5). As general context, consider that it is relatively
difficult for researchers to identify teaching practices that consistently increase tested achievement
(Kelly et al., 2019). Chetty et al. (2014) report estimates of teacher value-added in mathematics
that range from .11 to .16 standard deviations of increase, but that refers to the total effect of all
unobservable teacher contributions. The effects of specific teaching practices are often much
smaller. For example, Aucejo et al. (2022) find the effects of teaching practice in their analysis of
math instruction in the MET data are limited (restricted to higher achieving classrooms). Overall,
the present analysis is relatively exploratory and small scale compared to analyses of existing
codes in the full MET data.

With that context in mind, associations between supportive teacher discourse and achievement
outcomes in Model 1 and 2 are positive, but not statistically significant. Here the dependent
measures are standardized, and the independent measures in their raw scale (offering an intuitive
0-1 range, with a SD of about .25 on average, see Table 2). Models considering discourse practi-
ces entered one-at-a-time do not differ markedly (recall the low inter-item covariance among this
set of measures). Model 3 explores the association with the Balanced Assessment of Mathematics
assessment, and here Autonomy Support emerges as a statistically significant correlate of achieve-
ment in marked contrast to the other measures of support, which are not only insignificant but
also have negative coefficients. Statistically significant results for Autonomy Support hold in BAM
models that include pretest controls (the effect declines to .34 (.12 se)), although the effects of
many covariates change (free lunch status, etc.). BAM is a very different assessment than the state
tests, focusing on extended, complex math tasks where students create a plan, make a decision or
solve a problem and then justify their thinking. For example, one middle school task entails
responding to an analysis of a confetti-drop in Times Square, including open-ended, constructed
responses allowing for creative expression of the amount of confetti dropped. Thus, it is intui-
tively plausible that supporting student autonomy would be predictive of performance on this
task.

Discussion

Much educational research is predicated on the understanding that instructional practices in the
support domain, including emotional and motivational supports, are central to effective instruc-
tion. Global protocols successfully incorporate this logic, giving educators the ability to provide
comprehensive, broadly applicable assessments of teacher support. It seems logical that supportive
discourse is a promising candidate for incorporation into fine-grained measures of instruction as
well. Beyond that vague promise however, many questions stand between theories of supportive
instruction and measures useful in research and professional development. Questions considered
here include: prevalence (RQ1), overall lesson-to-lesson variability and teacher-to-teacher variabil-
ity in particular (RQ2), internal consistency (RQ3), convergent and divergent validity with global
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protocols (RQ4), and associations with achievement scores (RQ5). In what follows, we provide a
summary of our findings by aligning our four codes with the above research questions.

Interpretive summary of findings

We provide some evidence concerning these questions about teacher discourse practices, using
video data to consider all teacher discourse, as opposed to discourse specific to certain activity
structures as in some prior research (e.g., Gamoran et al., 1995; Gamoran & Kelly, 2003; Kelly,
2007). We focus on four support constructs, and find that three of these constructs, Evaluation,
Autonomy Support, and Learning Mindset Support, appear to hold the most promise for further
research. In contrast, fine-grained coding of strategy-related discourse does not seem very useful;
such discourse occurs rarely, is difficult to identify reliably in the case of Lack of Strategy, doesn’t
vary much from teacher-to-teacher, and has little validity evidence. We offer two explanations for
this finding. First, strategy use may be a more pervasive aspect of instruction not primarily gener-
ated or evinced by the content of individual utterances. For example, assignment prompts and
other materials likely perform this function. Second, a little strategy suggestion might go a long
way, such that documenting the uniformity/prevalence of it throughout the class session is of less
value. Indeed, strategies (and goals) set in previous lessons could carry over to a given lesson, but
not be apparent in that lesson’s discourse.

Returning to Evaluation, Autonomy Support, and Learning Mindset Support as promising
measures, each of these were prevalent (RQl), varied substantially from lesson to lesson and
teacher to teacher (RQ2), were not internally consistent (RQ3), and demonstrated convergent val-
idity with the CLASS protocol (RQ4). Additionally, in these data Autonomy Support was associ-
ated with achievement on a more “authentic” math assessment (RQ5). Although again, the
achievement models primarily yielded null findings for the other variables. These findings con-
cern central aspects of functionality in discourse measures for instructional research and evalu-
ation, although these features are not necessarily required for certain uses. For example, even
measures with relatively low prevalence rates could still be useful in instructional improvement
efforts, especially if these measures served as a “tip of the iceberg,” being revealing of larger
instructional norms, or if when they did occur, their influence was especially strong. Considered
as a total set, approximately 17 coded utterances were nominated/identified each lesson. Recall
that the prevalence rates reported here refer to 15-min instructional segments, so support related
utterances occurred a little more than once per minute.

One of the more surprising findings of this study was the low internal consistency
(Cronbach’s alpha) of the four paired discourse domains. The nature of Public Evaluation of
behavior is almost entirely orthogonal to the level of Autonomy Support, which is in turn orthog-
onal to Mindset Support, etc. Stated differently, a lesson might, for example, exhibit high levels of
Praise but low levels of Autonomy Support, etc. This weak inter-item/measure covariance was
not a function of measurement error at the utterance- or lesson-level (except perhaps in the case
of Strategy Support, which we found difficult to robustly measure in this framework). Generally,
in contrast, global protocols offer high or very high internal consistency, with the various sub-
domains having high pair-wise correlations and correlations with the scale score (Kelly et al.,
2020).

Yet, we argue that the high internal consistency of global protocols is not as desirable as it first
appears. This consistency could be caused by training and other underlying teacher quality factors
generating a similar competency across various domains. Alternately, it could reflect artificial con-
sistency created by halo-effects in the process of observation/scoring (Liu et al., 2019; McCaffrey
et al., 2015). In either case, it means teachers rarely receive information about particular, discrete
areas of teaching in need of improvement. We posit that the low internal consistency found in
these fine-grained measures is evidence that this measurement approach avoids halo effects,
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where raters are not carefully discriminating among scores on sub-domains. It may also be evi-
dence that, especially for research purposes, teacher observation protocols should be weary of
overly-abstracted coding of teacher practices (i.e., where abstraction exacerbates the halo effects).
Conceptually, it may even be evidence for a formative as opposed to reflective view of teaching
practice (see discussion in Kelly & Zhang, 2016; Kelly et al., 2020; White et al., 2021). Overall, we
do not view the low internal consistency found here as a fundamental limitation in fine-grained
research. To the contrary, it shows that each construct is measured independently. It does
however mean that an individual construct (e.g., the prevalence of praise) should not be taken,
unto itself, as an accurate representation of the overall socio-emotional environment of the
classroom.

Limitations & future work

We conclude with a discussion of limitations and further development prospects of fine-grained
discourse-based measures of instruction, and by distinguishing between implications for use in
research and practice. Concerning limitations and further development, we emphasize several
design features which might be altered in future study. First, critical features of this study were
the nomination coding approach, and the focus on discourse to begin with. As a result, the study
does not offer and test an exhaustive model of all forms of support. The nomination approach
streamlined coding, allowing us to efficiently code more discourse constructs, for more videos,
than a variable-based coding of every utterance. Nevertheless, it may be less precise than more
intensive coding, or make the data less useful in validating automated coding methods.

The inductive approach we took to identifying codes steered us toward a focus on at least
somewhat prevalent practices. We could not document potentially conceptually important practi-
ces that currently occur only rarely (because such practices would not have caught our attention
as salient). In the case of public evaluation, this resulted in praise and admonishment codes cap-
turing different domains, where praise was almost always achievement related and admonishment
was almost always behaviorally related. In the case of learning mindset-supportive discourse, we
combined occurrences of conceptually distinct language related to growth mindsets, purpose and
relevance, and social belonging. In subsequent research these domains could be separated.
Regarding autonomy support, we did not focus on or document organizational autonomy support
(e.g., student involvement in setting classroom rules, due dates for assignments, etc.)

Second, while we are relatively confident that the three prevalent/reliable paired measures vary
substantially from teacher-to-teacher, a study featuring more intensive study (more observations)
for each participant, would sharpen this understanding. In all cases the standard errors in the
ICCs (a function of the sample size/nesting) are quite large, such that the relative degree of
teacher-to-teacher variation is estimated only imprecisely. Thus, understanding of these constructs
would benefit from a larger corpus of data. In particular, given the prevalence rate of Learning
Mindset related discourse, and the low teacher-to-teacher variability of Mindset Undermining dis-
course, a more substantial amount of observational data is needed to robustly study these rare-
event constructs.

Finally, because MET did not visually roster/map classrooms with student ids, we could not
match teacher utterances to individual participants (as in e.g., Kelly, 2008), which limits infer-
ences about variability in students’ experiences within classrooms. Considering the many research
design possibilities in fine-grained research on instruction, together with the inherent
complexity of conceptual models of learning, the continued collection of high-quality instruc-
tional data like MET, that can then be flexibly analyzed, will be critical to advancing the educa-
tional sciences.
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Use-value of measures

Do the implications of this study for use of such measures in research differ from use in practice?
As previously stated, one of the major advantages of global protocols is their comprehensive nature
(even as some protocols emphasize socio-emotional supports or other major domains of instruc-
tion). Especially for use in teacher evaluation, being quite comprehensive is important, as it avoids
construct under-representation in assessing “instructional quality” writ large. Evaluation has not
been our goal in this study, so comprehensiveness is of lesser concern. For use in professional
development, the fact that scores on various sub-domains of global protocols are not as separable
in practice as the structure of the protocol would make it appear (Humphry & Heldsinger, 2014;
Kelly et al., 2020; Liu et al., 2019; McCatftrey et al., 2015) suggests that teachers are not actually get-
ting the domain-specific feedback they think they are getting. In contrast, this study presented
measures that were largely orthogonal, which may be desirable in a feedback system.

Yet, outcomes of even narrowly-tailored use of a system of instructional observation are not
necessarily tightly coupled with measurement properties. For example, even if aspects of measure-
ment are flawed, observational tools might drive school improvement in practice settings.
Goldring et al. (2015) find that even as global protocol scores are often unreliable and clustered
in the middle of the scale, principals report that the observational frameworks themselves both
focus teacher attention and reflection on important domains of instruction and enhance profes-
sionalization through a shared technical language. Similarly, we must assess the various uses and
use-value of fine-grained observational systems, rather than relying on predictions from measure-
ment models. Such systems have been successfully used to document differences in opportunity
to learn across classrooms and schools, although given the labor costs of human coded efforts,
only rarely so (see e.g., Gamoran et al, 1995; Gamoran & Kelly, 2003)." Fine-grained systems
have also been put to productive use in teacher education and professional development settings
(Caughlan et al., 2013; Lehesvuori et al., 2017; Reznitskaya & Wilkinson, 2021; Sherry et al,
2018). Yet, less is known about less structured use of such tools, for example, how teachers might
use fine-grained, automated systems. As fine-grained measures are evaluated across a range of
uses, their possibilities and limitations will be brought into sharper focus.

Note

1. The use of fine-grained instructional measures was more common in the process-product era of research,
see summaries in Brophy (1986) and elsewhere.
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