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Abstract 

Equity in mathematics classroom discourse is a pressing concern, but analyzing issues of equity 

using observational tools remains a challenge. In this article, we propose equity analytics as a 

quantitative approach to analyzing aspects of equity and inequity in classrooms. We introduce a 

classroom observation tool that focuses on relatively low-inference dimensions of classroom 

discourse, which are cross-tabulated with demographic markers (e.g., gender, race) to identify 

patterns of more and less equitable participation within and across lessons. We argue that equity 

analytics can support researchers and practitioners in identifying subtle patterns of inequity in 
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classroom discourse. As we show, even in classrooms with highly experienced, equity-minded 

teachers, subtle inequities can emerge that are detectable through this quantitative methodology. 

To conclude, we discuss how equity analytics can complement qualitative approaches in the study 

of equity and inequity in classrooms. 

 

Key words: Classroom discourse; Equity; Gender; Observational research; Race 

 

 

Inequity in mathematics education remains a pressing concern (National Council of 

Teachers of Mathematics, 2014; National Research Council, 2013; President’s Council of 

Advisors on Science and Technology, 2012). Research shows that the persistent 

underrepresentation of women and non-Asian people of color in mathematics-intensive fields is 

related to inequitable access to opportunities to learn (Darling-Hammond, 2010; Oakes, 2005). 

Although the national conversation has focused on representation (e.g., enrollment in advanced 

mathematics courses and majors), a growing literature has examined equity issues within 

everyday classroom discourse (Esmonde & Langer-Osuna, 2013; Herbel-Eisenmann, Choppin, 

Wagner, & Pimm, 2011; Moschkovich, 2011). This research has primarily employed qualitative 

methodologies to illuminate the nuanced ways in which inequities can emerge in classroom 

interaction, particularly with respect to gender, race, class, and other social markers. However, 

relying solely on qualitative methodologies can limit the potential for research to influence 

policy and practice related to equity. 

In the United States alone, there are over 100,000 K–12 schools, which contain over 

1,000,000 mathematics classrooms. Across these classrooms, students differ in their educational 

needs and their available opportunities to learn. Although qualitative methods reveal the nuanced 

ways in which inequities can emerge in classrooms, the resource-intensive nature of in-depth 

qualitative work poses an obstacle to its widespread use. What is needed is a simple but powerful 

methodology for analyzing patterns of equity and inequity in classroom discourse that is 

adaptable across a diverse array of classroom contexts. 

We propose equity analytics as a quantitative approach to complement in-depth 

qualitative studies of equity. Equity analytics involves identifying and analyzing patterns of 

equity and inequity in classroom discourse. The term analytics refers to the use of statistical 
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techniques to analyze patterns in large data sets (i.e., “big data”). Analytics has been used in 

fields ranging from health care to professional sports. In education, researchers have used 

analytics to parse complex patterns in student performance (Greller & Drachsler, 2012; Long & 

Siemens, 2011). However, analytics has not been used to study equity patterns in classroom 

discourse. 

To demonstrate this approach, we introduce a classroom observation tool called EQUIP 

(Equity QUantified In Participation). EQUIP utilizes equity analytics to illuminate patterns in 

student participation and the opportunities made available for students to participate in classroom 

discourse. This contrasts with the few existing observation tools in mathematics education that 

explicitly attend to issues of equity because they are designed to make holistic claims about the 

overall quality of mathematical discourse in classrooms (see Boston, 2012; Goffney, 2010; 

Schoenfeld, 2014). However, these tools were not designed to answer a critical question: Who is 

getting access to opportunities to participate in that mathematical discourse? Without the ability 

to disaggregate at the level of groups (e.g., by race, gender, or language proficiency) and 

individual students, we argue that the potential for observation tools to support efforts to make 

classrooms more equitable is limited. The methodological approach that we describe in this 

article is intended to address this issue. 

The present work is organized around the following research question: What are the 

affordances and limitations of a quantitative approach to measuring aspects of equity and 

inequity in classroom discourse? We begin by reviewing prior research on equity issues in 

classroom discourse. Next, we consider how existing observation tools have operationalized this 

literature and also discuss some of the shortcomings in those efforts. As a way forward, we detail 

the theoretical basis for equity analytics, which is grounded in a definition of equity that treats 

equality as a necessary—albeit insufficient—waypoint towards equity. After laying this 

conceptual foundation, we use EQUIP to analyze a large data set of teacher and student discourse 

in an elementary mathematics classroom led by a highly experienced, equity-minded teacher. 

The findings illustrate how equity analytics can generate actionable insights for researchers and 

practitioners to address patterns of inequity. We conclude by discussing how equity analytics can 

productively complement qualitative analyses in the service of more robust, integrated 

approaches to researching equity in mathematics classrooms. We argue that such mixed-methods 

approaches should involve triangulating multiple types of data collected from the perspectives of 
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multiple actors in the classroom. Further, we consider how tools like EQUIP might support 

practitioners in reflecting on equity issues in their own practice, particularly with respect to 

implicit bias. 

 

Prior Research on Equity and Participation in Mathematics Classroom Discourse 

Research supports the relationship between discourse and learning (Ing et al., 2015; 

Lampert, 1990; National Research Council, 2000; Resnick, Michaels, & O’Connor, 2010; Sfard, 

2008). According to Turner, Dominguez, Maldonado, and Empson (2013), 

 

discussions afford opportunities for students to do such things as explain and justify 

solution strategies, pose questions, and articulate connections between mathematical 

ideas. In other words, they afford opportunities for students to take on agentive problem-

solving roles and to participate in ways that can impact students’ dispositions toward the 

subject and, over time, their sense of themselves as competent, agentive learners. (p. 203) 

 

All students need opportunities to participate in the discursive practices constitutive of the 

learning process. For the purpose of this article, we focus on participatory equity, a particular 

form of equity defined as a condition in which both participation and participation opportunities 

are distributed fairly during the learning process (Shah & Lewis, in press). 

A number of studies in mathematics education have linked participation in classroom 

discourse to issues of equity (Bianchini, 1997; Esmonde, 2009; Herbel-Eisenmann et al., 2011; 

Moschkovich, 2011; Weber, Radu, Mueller, Powell, & Maher, 2010). These scholars have 

conceptualized “discourse” in a variety of ways (Wagner, Herbel-Eisenmann, & Choppin, 2011). 

One approach to analyzing the discourse–equity relation has been to consider students’ use of 

nondominant linguistic and cultural practices. Several studies have found that marginalization 

can occur when students use languages or engage in discursive practices not recognized or 

valued in learning environments organized by the dominant culture (Moschkovich, 2011; Parks, 

2010; Turner, Dominguez, Maldonado, & Empson, 2013). Other studies—including some of our 

own prior work—have focused on cultural narratives and broader societal discourses (Foucault, 

1975; Gee, 2011) and how they position students with identities as mathematics learners 

(Esmonde & Langer-Osuna, 2013; Langer-Osuna, 2011; McGee & Martin, 2011; Nasir & Shah, 
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2011; Shah, 2017; Stinson, 2008). From this perspective, classroom discourse is a site where 

identities are constantly negotiated (Esmonde, 2009; Wood, 2013) and where inequities can 

emerge in students’ access to identities as capable learners of mathematics. In terms of 

methodology, with few exceptions (e.g., Battey, Neal, Leyva, & Adams-Wiggins, 2016), most 

classroom-based studies of equity issues have used qualitative methods. 

Consistent with much of the literature, we conceptualize discourse in terms of the oral1 

practices shown to be central to learning (e.g., asking questions, explaining one’s thinking). We 

view the distribution of opportunities to participate in classroom discourse—and the extent to 

which that distribution is more or less equitable—to be a highly consequential and political 

process. In that sense, our perspective resonates with Gutiérrez’s (2007) contention that power is 

a key dimension of equity. Indeed, referring to Gutiérrez’s claim, Moschkovich (2011) reminds 

us that “the power dimension can involve examining voice in the classroom—for example, who 

gets to talk and how contributions are taken up (or not)” (p. 92). Research shows that certain 

groups tend to receive less cognitively demanding participation opportunities based on their 

gender (Sadker, Sadker, & Zittleman, 2009), race (McAfee, 2014), and immigration status 

(Planas & Gorgorió, 2004). Although such patterns may be unintentional, they are nonetheless 

problematic and immoral.  

Overall, the literature suggests that discourse opportunities are central to learning but that 

not all students have access to such opportunities. In our view, researchers and practitioners need 

tools that can reliably, efficiently, and systematically illuminate these patterns of inequity. In 

order to attenuate inequity, though, we must first have the means to identify inequity. In the next 

section, we review existing observation tools that have sought to address this issue. 

 

Treatments of Equity in Mathematics Classroom Observation Tools 

The study of mathematics instruction has been formalized into a number of observation 

tools, including the Instructional Quality Assessment (IQA; Boston, 2012), the Mathematical 

Quality of Instruction (MQI) rubric (University of Michigan, 2006), and the Teaching for Robust 

Understanding of Math (TRU Math) rubric (Schoenfeld, 2014). Consistent with the preceding 

                                                
1 The focus on oral participation does not minimize the importance of other forms of 
participation (e.g., listening, gesture, writing, eye gaze), which also have been shown to be 
crucial to the learning process (Abrahamson & Sánchez-García, 2016; Schultz, 2009). 
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literature review, these tools attempt to capture the nature of classroom discourse. Moreover, we 

focus on these three tools because of their potential to speak to issues of equity, either directly 

(as in Goffney’s (2010) MQE rubrics that extend the MQI), indirectly (as in the IQA’s focus on 

participation in discourse), or through a hybrid approach (as in TRU’s five dimensions—

particularly the access dimension, which is focused on equity). Summaries of IQA (Boston, 

Bostic, Lesseig, & Sherman, 2015), TRU Math (Schoenfeld & the Teaching for Robust 

Understanding Project, 2016), and MQI (University of Michigan, 2006) can be found elsewhere; 

therefore, we focus on the equity components of the tools. In critically reviewing these tools, we 

recognize that all tools are designed to achieve particular goals and that no single tool could 

possibly capture everything that matters in a classroom. Thus, rather than discussing the quality 

of a tool in a vacuum, we find it more productive to consider the alignment between a tool and 

specific research aims. 

We consider these tools from the perspective of three basic questions related to equity: 

(1) who participates, (2) what is the nature of that student participation, and (3) what 

opportunities do teachers make available to support that participation? These questions were 

informed by research linking participation, learning, and equity. Indeed, as we elaborate later, 

they undergird our own observation tool, EQUIP. Although all three tools appear reasonably 

effective at analyzing the second and third equity questions, we argue that they are not designed 

to capture information about the first equity question (who participates) at a sufficient level of 

specificity. In addition, because who participates and how they participate are treated separately, 

it is difficult to assess how meaningful opportunities to learn are actually distributed among 

students. In relation to the second equity question (the nature of student participation), all three 

tools emphasize discourse, focusing on how students explain and justify their mathematical 

ideas. They also describe the quality of mathematics during a lesson: TRU Math has dimensions 

that focus on “The Mathematics” and “Cognitive Demand” (see Appendix A), the IQA has 

rubrics for the academic rigor of a task, and the MQI includes a “Mathematical Features” rubric. 

In relation to the third equity question (teacher support for participation), the tools account for 

teacher moves intended to provide opportunities for students to engage with the mathematics. In 

the MQI, this is achieved through the addition of the MQE add-on module (see Appendix B) that 

emphasizes a teacher encouraging a “diverse array of mathematical competence” (Dimension G) 

and also expressing the expectation that “everyone will be able to do the work” (Dimension J). 
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TRU Math focuses on a teacher’s use of formative assessment to elicit and build on student 

thinking (see Dimension 5 in Appendix A). The IQA focuses on the quality and explicitness of a 

teacher’s expectations, teacher elicitation of ideas, and linking of student ideas. 

Despite their capacity to capture important aspects of students’ participation in 

mathematical discourse and teachers’ efforts to support that participation, the tools have 

limitations with respect to the first equity question: who participates. The MQI (and the MQE 

variant) acknowledge the importance of student participation, but they do not include an explicit 

dimension on equitable participation. In the TRU conversation guide, it is noted that each 

dimension must take place for each student. In other words, TRU considers equity as a part of 

each dimension rather than as a separate an "add-on" dimension. However, without explicitly 

quantifying what counts as equitable participation, the interpretation of what is equitable is left to 

the observer.  

The IQA contains a holistic rubric about student participation that establishes a 

quantitative benchmark for student participation and also records the actual number of students 

who participate in a lesson. The highest level of participation is described as “over 75% of the 

students participated consistently throughout the discussion” (see Appendix C). Although this is 

a strong step towards tracking participation, individual students or groups are not identified. 

Thus, even if the 75% benchmark were reached, it would be difficult to know if the 25% of 

students who were not participating came from historically marginalized groups (e.g., based on 

race or gender).  

To summarize, EQUIP builds on existing work by addressing crucial aspects of equitable 

participation already valued by other tools. EQUIP links the second and third equity questions 

(the nature of student participation and teacher support), which helps answer how the quality of 

talk and opportunities to participate are distributed across individual students or groups (e.g., 

based on race or gender). Without the ability to disaggregate at the level of social identity groups 

and individual students, an observation tool is limited in how it can support efforts to attenuate 

inequity in classrooms. It is one thing to know that the breadth of student participation in a given 

classroom was narrow, but it is another to know that participation was limited to boys, White 

students, or language-dominant students. Information of the latter kind would hold great value to 

practitioners because it can cue them to notice inequities related to groups that have been 

historically marginalized in mathematics education. Our point here parallels a similar critique of 
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the Common Core State Standards for Mathematics, which Bartell et al. (2017) argue are not 

“framed to support equity” because they lack “explicit attention to race, gender, class, and so 

forth” (p. 9). 

We recognize that reducing socially constructed identities like race and gender to 

demographic categories can be problematic. Treating these complex sociopolitical constructs as 

variables flattens the fluid nature of identity and obscures the power-laden processes of 

positioning that organize social interaction (Davies, & Harré, 1990). Indeed, we ourselves have 

made similar arguments in prior work (Martin, Rousseau Anderson, & Shah, 2017; Shah & 

Leonardo, 2016). However, our rationale for doing so in this work is two-fold. First, we utilize 

Gutiérrez’s (2002) notion of strategic essentialism, which she defines as “the process of 

deliberately categorizing people based on socially defined traits for the purpose of reaching 

higher (equity) goals” (p. 154). Strategic essentialism makes it possible to illuminate subtle 

patterns of inequity across larger data sets (e.g., girls receiving less cognitively demanding 

opportunities to participate across multiple lessons), which our methodology aims to do. For this 

reason, we conscientiously (but cautiously) utilize this approach and view it as a necessary step 

towards fostering equity for people from marginalized groups. 

Second, we argue that the use of demographic categories in this particular context 

actually hews closer to how implicit bias functions. That is, implicit bias functions precisely by 

flattening complex social identities into static categories of race, gender, and other social 

markers (Staats, Capatosto, Wright, & Jackson, 2016). So, when using EQUIP to identify 

patterns of implicit bias, it actually makes more sense to use the teachers’ perceptions of 

students’ identities because it is the teachers’ identifications that will drive their implicit bias. At 

the end of this article, we discuss how analytics generated through this approach can and should 

be considered in light of broader ideologies and discourses that might explain observed patterns 

of inequity. In the next section, we elaborate the theoretical perspective on equity that informs 

EQUIP and the equity analytics approach more broadly. 

 

Equality as a Waypoint Towards Equity 

Equity concerns matters of justice, or what is considered to be fair for individuals and 

groups (Green, 1983; Gutiérrez, 2008; Martin, 2003; Secada, 1989). Issues of equity in education 

can be understood in terms of the fair distribution of resources needed for learning (Esmonde, 
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2009). These resources are numerous and diverse: ranging from highly qualified teachers and 

access to advanced coursework (Darling-Hammond, 2010; Oakes, 2005) to curricula that value 

students’ cultural practices and pedagogies that support the development of students’ identities as 

capable learners (Bang, Warren, Rosebery, & Medin, 2012; Nasir, 2011). In this article, we focus 

on participation in classroom discourse as a key resource for learning. 

From an equity perspective, all students deserve access to the particular types and levels 

of resources that they need to learn. However, for students from marginalized groups, there are 

often gaps between what a student needs and what a student gets. We define these gaps as 

inequities. But, how do we determine what a student needs, and who gets to decide? Given an 

education system with finite resources, what constitutes a fair distribution of resources? These 

questions pose a considerable challenge to observational approaches for studying equity and 

inequity in classrooms. 

To move forward, we focus on equality as a waypoint towards equity. As Secada (1989) 

notes, “one of the most powerful constructs at the disposal of equity is equality” (p. 82). In the 

language of resources, equality is a condition in which all groups and individuals are apportioned 

the same type and level of resources. Technically speaking, then, any disproportionality in the 

allocation of resources would be an inequality. Importantly, the concepts of equality and 

inequality do not directly map onto the concepts of equity and inequity. Although these concepts 

are related, they are often erroneously conflated and treated as interchangeable (Espinoza, 2007; 

Secada, 1989). 

For students from marginalized groups, it may be insufficient to receive the same 

resources as classmates from dominant groups. This is because all students do not enter a 

classroom with the same backgrounds. For instance, students’ preparedness to learn new content 

is an artifact of past opportunities to learn, which are, in turn, mediated by institutional 

discrimination and longstanding structural inequities (Darling-Hammond, 1998; Milner, 2010). 

To account for this history of marginalization, ensuring fairness in opportunities to learn for 

students from marginalized groups might actually require allocating them more resources and 

different resources than students from dominant groups. Under certain circumstances, 

inequalities can actually be equitable (Samoff, 1996; Secada, 1989), or as Green (1983) puts it: 

“Inequity always implies injustice. Inequality does not” (p. 324). Broadly speaking, this means 

that conceptualizing equity in terms of fairness requires a historical orientation. Whereas equality 
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focuses on the distribution of resources in the present moment, an equity perspective further 

involves accounting for the accumulated effects of histories of marginalization. 

And yet, although equality is an insufficient principle for achieving equity, most would 

agree that, at minimum, students from marginalized groups deserve an equal share of resources 

for learning. That is, any shortfall relative to a proportional allotment would be unfair (i.e., an 

inequity). Although it may be difficult to determine the exact level and configuration of 

resources, it is possible to establish equality as a floor for equitable distribution. In the context of 

participation in classroom discourse, for example, this “floor” would be a proportional 

distribution of high-level questions based on demographic representation. Operationally, if Black 

students make up 21% of the students in the class, then at least 21% of high-level questions (i.e., 

an equal share) should go to Black students. 

It is less clear that the same logic should apply for students from dominant groups who, 

by definition, have had greater historical access to opportunities to learn and therefore might not 

require a proportional level of resources to succeed. Thus, particularly for students from 

marginalized groups, equality can be understood as a waypoint towards equity. Equality is a 

necessary, albeit insufficient, baseline for equity. This idea provides a foundation for the equity 

analytics approach, which we elaborate in the next section. 

 

Equity Analytics 

We define equity analytics as a quantitative methodology for identifying misalignments 

in the distribution of resources. The core question driving equity analytics is: To what extent 

does the actual distribution of resources align or diverge from the distribution predicted based on 

demographic representation? Assuming that the resource of interest is quantifiable, comparing 

actual resource distributions to expected resource distributions is relatively straightforward. This 

approach has been commonly used to identify inequities in the high-tech workforce. For 

example, corporations like Google, Facebook, and Twitter have all publicized data on employee 

demographics, which have shown that women and certain racial groups remain underrepresented 

in engineering relative to their representation in the overall U.S. population (e.g., Google, n.d.).  

Equity analytics can identify statistical equalities and inequities. Although we view this 

approach as promising, it does have limitations. Specifically, it cannot actually prescribe what 

resource distributions would be equitable. Even if there were consensus that people from 
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marginalized groups deserve more resources as recompense for historical injustice, equity 

analytics cannot determine how much more they deserve. For example, equity analytics cannot 

tell us how many women, Black people, and dis/abled people should work as engineers at 

Google. We recognize that philosophical questions of this kind concern morality and values, and 

cannot be determined by quantitative analysis alone. 

This issue takes on additional complexity when trying to make determinations about 

equity in classrooms. In part, the inability of equity analytics to make determinations about 

equity reflects the limitations of observational methods writ large. Classroom observation tools 

are third-party instruments that embody particular values and biases. The data that they generate 

reflect those values and biases, which may or may not align with the subjective perspectives of 

the students being observed. Consider a hypothetical in which analytics indicate that emergent 

multilingual students are receiving an equal share of adequate wait time, but when interviewed, 

those same students indicate that they feel that their teacher rushes them to respond to questions. 

How should this disconnect inform how we think about equity in classrooms? 

By its nature, a classroom observation tool cannot gather data on students’ subjective 

experiences of equity. Although the equity analytics generated by an observation tool might 

indicate equality in terms of students’ opportunities to learn, the students themselves might not 

perceive the classroom to be an equitable space. No observation tool can or should supplant or 

supersede students’ subjective experiences. Indeed, this is a facet of equity that observational 

methods cannot capture. We agree with Secada (1989) that, “If educational equity becomes 

equality of education, then arguments about justice are in danger of being recast as technical 

arguments about equality” (p. 74). The complexity of equity cannot be reduced to a simple 

mathematical calculation. 

In our view, these are legitimate concerns. Although equity analytics alone cannot 

generate a comprehensive analysis of equity in classrooms, we argue that equity analytics can 

facilitate empirical research on equity, as well as support practitioners in making their teaching 

more equitable. In the next section, we describe EQUIP, a classroom observation tool that 

utilizes equity analytics. 

 

EQUIP: Equity QUantified In Participation 
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EQUIP tracks quantitative patterns in student participation and the opportunities that 

teachers make available for students to participate in classroom discourse. As was mentioned 

earlier, EQUIP is predicated on three basic equity-related questions organized around student 

and teacher discourse: (1) who participates, (2) what is the nature of that student participation, 

and (3) what opportunities do teachers make available to support that participation? The first 

question concerns patterns in student talk: Who is participating in classroom discourse, and who 

is not? The second question acknowledges that in addition to who participates, equity is also a 

matter of how students get to participate (Wager, 2014). That is, opportunities to participate 

should be of a cognitively demanding nature (Stein, Grover, & Henningsen, 1996). A classroom 

in which all students participate but only in low-level, Initiate-Response-Evaluate (IRE) 

sequences (Cazden, 2001; Mehan, 1979) would be considered less equitable because students are 

not afforded opportunities to participate as active sense makers. The third question concerns 

what teachers do to support student participation. This question recognizes that teachers play a 

critical role in orchestrating classroom discourse and in distributing opportunities to participate 

in discourse (Ing et al., 2015; Parks, 2010; Turner et al., 2013). 

EQUIP cross-tabulates certain dimensions of classroom discourse with demographic 

information to identify equalities and inequities in how the amount and nature of student 

participation are distributed. For example, does the teacher only ask high-level questions to the 

White and Asian students, boys, or English-dominant students? In equitable classrooms, the 

quality of students’ opportunities to participate would not skew dramatically towards any groups 

or individuals, especially those belonging to historically dominant groups. 

Versions of this approach have been used in prior studies on gender marginalization in 

classrooms (Sadker et al., 2009) and in practitioner inquiry (Neumann, 2014). However, equity 

analytics has not been systematized in a valid and reliable classroom observation tool that can 

generate a synthetic analysis of multiple facets of classroom discourse. Of the various facets of 

classroom discourse, EQUIP collects data on seven dimensions: Three dimensions focus on the 

amount and nature of student talk, and four dimensions focus on teacher moves consequential for 

students’ opportunities to participate. We elaborate these dimensions in the section Validity of 

EQUIP. 

Whereas existing classroom observation tools generally consist of descriptive rubrics, 

EQUIP relies on the tabulation of frequently occurring discursive events. Although rubrics can 
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provide holistic portraits of classroom activity, they require considerable interpretation, which 

can make it difficult to achieve reliability. As we describe, the seven dimensions of EQUIP were 

chosen, in part, because they are both relatively straightforward to observe and require minimal 

inference to code. This was a purposeful design decision in the development of EQUIP intended 

to facilitate both the training of new coders and widespread use of the tool. Further, this allows 

an observer using EQUIP to take a less judgmental role (i.e., tabulating events rather than 

locating performance on a rubric), which we view as key to working in partnership with teachers 

to address issues of equity. This will support our future work using EQUIP as a real-time 

observation tool that is capable of providing immediate feedback to teachers for use in 

professional development. 

To reiterate, tabulating events also makes it possible to disaggregate the frequency of 

those events by demographic group and by individual student (i.e., investigate the “who 

participates” question). This disaggregation is critical to understanding how opportunities to 

learn are distributed across socially constructed markers of difference (e.g., gender, race). 

Further, data on individual students are useful because group-level analysis alone can obscure 

within-group variation (Secada, 1989). For example, although data might show a proportional 

amount of participation from Black boys, this does not necessarily mean that all Black boys in 

the class are participating in equal amounts. 

A final key design feature of EQUIP is modularity. The version of EQUIP presented in 

this article is one possible instantiation of equity analytics. The seven dimensions of classroom 

discourse included in this version of EQUIP are not intended to be exhaustive—as we explain, 

we identified these dimensions based on decades of research showing their relevance to equity 

issues in classrooms. Other researchers and practitioners, however, might identify additional 

dimensions of classroom discourse relevant to equity. The modular nature of EQUIP allows for 

these dimensions to be added to the current version of EQUIP or for existing dimensions to be 

removed. 

The flexible nature of EQUIP makes the tool potentially adaptable to a variety of 

classroom types. This also applies to variations in demographics. For example, consider the case 

of a racially homogeneous classroom (e.g., all Black students). This is an important case in light 

of research showing trends toward resegregation between and within U.S. schools (Kalogrides & 

Loeb, 2013; Orfield & Lee, 2007). Although analyzing patterns based on traditional racial 
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categories would not make sense in that context, an EQUIP user might instead analyze patterns 

based on new categories related to skin tone (e.g., darker skinned Black students vs. lighter 

skinned students). Indeed, research has documented evidence of skin color hierarchies in which 

lighter skin tones are unfairly privileged over darker skin tones among members of the same 

racial group (Hunter, 2007). A similar approach can be used in the case of gender; an EQUIP 

user can create and track on any number of gender categories, thereby acknowledging the 

limitations of the commonly accepted binary model of gender. In that sense, researchers and 

practitioners can customize EQUIP based on their needs and local contexts while attending to the 

fluid quality of social identities. 

 

Using EQUIP 

In this article, we present EQUIP as a research tool for analyzing video records of 

classroom discourse. The primary unit of analysis in EQUIP is the participation sequence. A 

participation sequence is a string of talk by a given student—often with a teacher—that is 

uninterrupted by another student (i.e., a new participation sequence begins each time a new 

student participates). Thus, participation sequences may consist of multiple turns by the same 

student with back-and-forth between the student and the teacher. For the sake of brevity, we 

henceforth refer to participation sequences simply as sequences. 

A coder begins by identifying sequences. Each sequence is associated with a particular 

student and then coded along seven dimensions (described in the next section). In addition, a 

coder creates a spreadsheet with demographics (e.g., gender, race) for the students in the class. 

To generate equity analytics, the coded transcript and demographic data are combined using the 

statistical package R. This allows a user to generate analytics related to any aspect of coding and 

any combination of demographic variables.  

 

Validity of EQUIP 

We establish the validity of our tool by describing the seven dimensions of EQUIP, the 

levels at which they are coded, and their connections to the literature (see Table 1 at the end of 

this section for a summary). As described earlier, EQUIP’s focus is consistent with the research 

literature and existing classroom observation tools. This consistency helped establish the 

construct validity of EQUIP (Peter, 1981). 
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We also iteratively incorporated feedback from nine one-on-one consultations with expert 

colleagues, three conference presentations, and a series of equity-focused workshops with 

practicing teachers. Moreover, we conducted a thorough review of the literature supporting each 

of EQUIP’s dimensions. This helped establish the content validity of EQUIP (Haynes, Richard, 

& Kubany, 1995). We now elaborate the research base for each dimension. 

 

Discourse Type 

EQUIP distinguishes two types of classroom discourse: content and logistical. Content-

oriented discourse involves disciplinary practices consequential for student learning, such as 

explanation (Driver, Newton, & Osborne, 2000). Logistical discourse concerns other talk, such 

as talk regarding classroom norms (Michaels et al., 2010). Both types of discourse are 

consequential for equity, albeit in different ways: content-oriented discourse determines who gets 

to “do the work” in class (leading to learning), whereas logistical discourse about classroom 

rules, for example, helps structure opportunities for all students to engage with disciplinary 

content. Logistical discourse matters because when classroom norms are left implicit, students 

may be denied opportunities to participate in content-oriented discourse. 

 

Length of Student Talk 

Powerful classrooms are ones in which students generate the ideas that drive classroom 

discourse (Engle & Conant, 2002). For instance, the Common Core State Standards for 

Mathematics emphasize that students need to construct arguments, critique others’ reasoning, 

and attend to precision (National Governors Association Center for Best Practices & Council of 

Chief State School Officers [NGA & CCSSO], 2010). This requires that students have 

opportunities for elaborated talk (e.g., Soter et al., 2008). Opportunities for elaborated 

contributions are often limited by IRE structures, which generally elicit responses of only 1–4 

words, (Cazden, 2001; Mehan, 1979). The categories of 5–20 words and 21+ words roughly 

correspond to a single sentence and multiple sentences. The latter category can be understood as 

an indicator of higher level discourse because in highly teacher-centered, IRE-based classrooms, 

students may rarely get to utter a second sentence during a given turn. Further, opportunities to 

talk at length are particularly important for supporting the language development of emergent 

multilingual students (M. Boyd & Rubin, 2002). 
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Type of Student Talk 

When students explain their ideas, it helps them engage with tasks at a higher level of 

cognitive demand (Henningsen & Stein, 1997), which ultimately supports deeper learning (e.g., 

Chi, De Leeuw, Chiu, & Lavancher, 1994; Lombrozo, 2006). To characterize the quality of 

student talk, we draw from Braaten and Windschitl’s (2011) approach for classifying verbal 

statements, which resonates with Henningsen and Stein’s (1997) framework for cognitive 

demand. Specifically, this approach classifies statements on three levels: why statements, how 

statements, and what statements (Braaten & Windschitl, 2011). 

 

Teacher Solicitation Method 

Teachers solicit participation from students in a variety of ways. Some methods, such as 

randomized calling (Tanner, 2013), can help equalize participation and also signal to students 

that contributions from all members of the class are valued. Without using explicit methods to 

promote equity, teachers can inadvertently favor some students over others because bias is often 

implicit (Sadker et al., 2009; Staats et al., 2016). Finally, students may participate without being 

called on at all by the teacher. On the one hand, this may reflect a classroom in which students 

have agency to take ownership over their own learning (Engle, 2012). On the other hand, the 

absence of a formal system for soliciting participation can result in inequitable distributions of 

participation opportunities. 

 

Wait Time 

To broaden participation, a teacher may explicitly slow down to give students more time 

to think before responding to a question. Rowe’s (1986) seminal research shows that the critical 

threshold for this “wait time” is approximately 3 seconds. Beyond this threshold, research shows 

a number of benefits for learners, including an increase in the length and quality of student talk, 

an increase in student questions, and an increase in student–student talk (Rowe, 1986). Wait time 

signals to students that deep thought is more important than a quick response. This is particularly 

important in disciplines like mathematics because the perception that speed is all that matters can 

have a detrimental impact on students (Schoenfeld, 1988). A lack of wait time can be a serious 

equity issue because it can privilege the participation of the fastest students in a classroom. 
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Quality of Teacher Solicitation 

Teachers can modify the cognitive demand of a task through their use of questioning 

(Henningsen & Stein, 1997). Lower level questions often remove the challenge from a task by 

reducing its cognitive demand. Alternatively, teachers can ask questions that raise the cognitive 

demand of a task by pressing students to think more deeply (M. Boyd & Rubin, 2002). To be 

sure, we recognize that the deployment of higher level questions will not automatically lead to 

greater equity. Indeed, research shows that pedagogical moves may not be taken up in the same 

way or be equally productive for all students in a classroom (Lubienski, 2000; Parks, 2010). In 

general, though, we consider it valuable to track patterns in the quality of teacher solicitations. 

 

Teacher Evaluation of Student Ideas 

To engage productively with a discipline, students need opportunities to take up positions 

of authority (Engle, 2012). When students lack access to such opportunities, they may develop 

unproductive beliefs about themselves and the discipline (Schoenfeld, 1988). One way that the 

locus of authority is communicated to students is through teacher evaluations of student ideas. 

For example, in many classrooms the teacher acts as the primary arbiter of right and wrong 

answers. In such classrooms, the message to students is that authority lies with the teacher as 

opposed to with the students or the discipline. Our coding scheme involves indicating yes when a 

teacher evaluates an idea and no when a teacher leaves the correctness of the idea open, allowing 

for other students to evaluate it (or not). 

 

Table 1 

Dimensions of EQUIP 

Dimension Levels Core literature 



 18 

Discourse 
type 

Content 
Logistics 

Driver et al., 2000; Michaels et al., 2010; Yackel & 
Cobb, 1996 

Length of 
student talk 

21 or more words 
5–20 words 
1–4 words 

M. Boyd & Rubin, 2002; Cazden, 2001; Engle & 
Conant, 2002; Hufferd-Ackles et al., 2004; Mehan, 
1979; Michaels et al., 2010; NGA & CCSSO, 2010 

Type of 
student talk 

Why 
How 
What 
Other 

Braaten & Windschitl, 2011; Chi et al., 1994; 
Henningsen & Stein, 1997; Stein, Engle, Smith, & 

Hughes, 2008; Lombrozo, 2006 

Teacher 
solicitation 

method 

Random selection 
Called on 

NOT called on 

Engle, 2012; Sadker et al., 2009; Tanner, 2013; 

Wait time More than 3 seconds 
Less than 3 seconds 

N/A 

Rowe, 1986; Schoenfeld, 1988 

Type of 
teacher 

solicitation 

Why 
How 
What 
Other 
N/A 

M. Boyd & Rubin, 2002; Braaten & Windschitl, 2011; 
Chi et al., 1994; Henningsen & Stein, 1997 

Teacher 
evaluation of 
student ideas 

Yes 
No 

Engle, 2012; Schoenfeld, 1988 

 

Reliability of EQUIP 

We now discuss our procedures for establishing EQUIP as a reliable observation tool. 

 

Data Sources and Research Context 

Video data were collected during summer 2014 in a 2-week elementary mathematics 

program for students entering 5th grade in the fall. The teacher, Ms. J, had decades of teaching 

experience and also held deep commitments to equity. Ms. J identified as a White woman. This 

site was further appealing because the program purposefully recruited students struggling in 

mathematics, often from historically marginalized groups (see Table 2). 
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Table 2 

Student Demographics by Race and Gender (N = 30) 

 Girls Boys Total 

Black 10 11 21 (70%) 
Latinx 3 2 5 (17%) 
White 2 2 4 (13%) 
Total 15 (50%) 15 (50%) 30 (100%) 

Note. The racial and gender identifications were determined by the teacher, Ms. J, based on her 
extensive interactions with students and their families during the course. However, we use the x 
sign in the word Latinx to acknowledge that all people do not identify with the traditional gender 
binary. 
 

The program consisted of 30 hours of instruction (3 hours per day over 10 days). Content 

focused on fraction representations and norms for engaging in mathematical discourse. A typical 

class session involved whole-class discussion (WCD), small-group work, and individual work. 

The forthcoming analysis focuses on WCDs in Ms. J’s class because this was where teacher–

student interaction was most readily observable. The majority of WCDs (70 discussions, 8.5 

hours) were content oriented (i.e., about mathematics), whereas the other WCDs (23 discussions, 

1.25 hours) were logistical (i.e., about classrooms norms and academic expectations). 

Transcriptions of all WCDs comprise the data corpus that was analyzed. 

 

Establishing Reliability 

Reliability was established using a team of five raters working from a common codebook 

created from prior work. The team consisted of the two coauthors (mathematics education 

researchers) and three student research assistants (two graduate students and one undergraduate 

student). Although demographics were not formally gathered, the team was diverse in terms of 

race and gender. Thus, the team approached coding from a variety of perspectives, but all team 

members were focused on equity and mathematics education. 

To begin, the team created content logs of all 10 days of instruction (over 1,300 

sequences). To establish reliability, we sampled 120 minutes of WCD, which was slightly more 

than 20% of the 9 hours and 43 minutes in the entire data corpus. We created a random sample 

that had the same proportion of content-oriented and logistical discourse as the whole data 

corpus; this resulted in approximately 105 minutes of content-oriented discourse and 15 minutes 
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of logistical discourse. Our benchmark was to achieve 80% agreement by all five raters on each 

dimension over a sufficient corpus of data (Grossman et al., 2010). To reach this benchmark, we 

added an additional 35 minutes of video to the sample coded for reliability because we had not 

reached 80% on the original sample. Overall, the sample spanned 7 of the 10 days of instruction, 

thereby constituting a representative sample. 

Coding for reliability proceeded in five phases. Each phase involved coding 

approximately 30 minutes of video with its corresponding transcript. After coding each phase, 

reliability was calculated and the team discussed areas of disagreement, supplementing the 

codebook with additional clarification as needed. Disagreements were only discussed in the 

general sense; no effort was made to resolve disagreements on a line-by-line basis. 

Agreement was computed as a binary yes or no. That is, an agreement was recorded only 

if all five raters agreed on the assignment of a code. We first computed agreement on the 

identification of sequences. When calculating the percentage of agreement, we included all lines 

of transcript that were identified as new sequences by at least one rater. Agreement on other 

codes was calculated in two ways. First, we calculated agreement for all coders who coded a 

given sequence, which could be less than five if not all coders identified that particular sequence. 

These results are provided in Table 3. We also calculated agreement for all of the sequences in 

which there was total agreement on the identification of the sequence, meaning that all five raters 

coded them. These results, which are not included here, were consistent with the results in Table 

3; both approaches resulted in greater than 80% agreement on all codes. In calculating agreement 

on the dimensions of EQUIP, each code was considered individually. 

In addition to providing measures of pure agreement, we computed interrater reliability 

using Krippendorff’s alpha (Hayes & Krippendorff, 2007). Krippendorff’s alpha generalizes a 

number of other interrater reliability statistics (including Cohen’s kappa) to be appropriate for 

more than two raters and for multiple code levels.  

 

Results of Reliability Procedure 

After five phases of coding, we reached 80% agreement on all dimensions over the 

sampled corpus of data. As Table 3 shows, we achieved greater than 80% agreement for all 

dimensions in each phase with only four exceptions: Wait Time during Phase IV (75%) and 

Type of Teacher Solicitation during Phases II, III, and V (70–80%). 
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Table 3 

Percentages of Agreement per Dimension per Phase 

Dimension Phase I Phase II Phase III Phase IV Phase V Overall 

Sequences 82.6% 85.7% 92.8% 94.9% 94.7% 89.5% 
Discourse type 98.8% 98.9% 98.6% 96.4% 100.0% 98.7% 
Solicitation method 96.5% 95.4% 94.2% 92.9% 96.0% 95.2% 
Wait time 84.7% 87.4% 84.1% 75.0% 80.0% 82.8% 
Length of student talk 95.3% 92.0% 91.3% 94.6% 93.3% 93.3% 
Type of student talk 88.2% 86.2% 81.2% 96.4% 80.0% 86.0% 
Type of teacher solicitation 89.4% 72.4% 72.5% 94.6% 76.0% 80.4% 
Explicit evaluation 90.6% 87.4% 88.4% 91.1% 86.7% 88.7% 

 

Results for Krippendorff’s alpha are given in Table 4. All results are over 0.8, which is 

considered good reliability, the highest category that can be achieved (Carletta, 1996). These 

results confirm the results for pure agreement. 

 

Table 4 

Krippendorff’s Alpha for Seven Dimensions (N = 359 Cases, 5 Raters) 

Dimension 
Discourse 

type 
Solicitation 

method 
Wait 
time 

Length 
of 

student 
talk 

Type of 
student 

talk 

Type of 
teacher 

solicitation 
Explicit 

evaluation 

Alpha 0.976 0.934 0.844 0.942 0.989 0.875 0.835 

 

Despite excellent agreement, there were some minor discrepancies in coding. Still, we 

found no evidence that a single rater was systematically interpreting a number of codes 

differently from the other raters. We now provide additional information about these four areas 

of discrepancy. For Wait Time, Phases IV and V had the lowest levels of agreement: 29 

discrepancies in total across both phases. In 12 of the 29 (41%), there was a single rater that 

disagreed with the other four. Among these 12 instances, 7 involved the same rater disagreeing 
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with the other four raters. This means that 24% of the disagreement can be accounted for by 

differences in how this particular rater interpreted the Wait Time code compared to other raters’ 

interpretations, which tended to align. 

For Type of Teacher Solicitation, there were 24 disagreements during Phase II. Of these 

24 disagreements, there were 16 instances (66.6%) in which only a single rater disagreed with 

the other four. Across Phases I and II, 17 of 33 (52%) disagreements on Type of Teacher 

Solicitation involved difficulties in distinguishing between N/A, other, and what. This issue most 

commonly arose during moments in the transcript when a student spoke without their 

participation being solicited by a teacher. In these cases, some raters coded Type of Teacher 

Solicitation as N/A (indicating that there was no Teacher Solicitation), whereas the other raters 

coded Teacher Solicitation as other. 

During Phase III, there were 19 disagreements for Teacher Solicitation. The majority of 

these disagreements (10 of 19 times, or 53%) are attributable to a single rater disagreeing with 

the other four raters. There were also six instances in which two raters coded Type of Teacher 

Solicitation as other, and the other three raters coded Teacher Solicitation as why. This was due 

to ambiguity surrounding whether the teacher was explicitly asking for an explanation or not. 

During Phase V, seven disagreements about Type of Teacher Solicitation came during a 

single segment of transcript (Lines 111–134) for which two raters repeatedly applied a what 

code, and the other three raters applied a why code. This accounts for 42% of the disagreements. 

Other than this repeated disagreement, there appeared to be no systematic discrepancies. 

Overall, most disagreements occurred with only a single rater (not necessarily the same 

rater) disagreeing with the other four raters. Thus, despite a small number of differences, we 

achieved a high level of agreement on a large corpus of data (over 1,300 sequences), ultimately 

achieving greater than 80% agreement on all dimensions. Before presenting the equity analytics 

generated by applying EQUIP to the full data corpus, we analyze a vignette from Ms. J’s 

classroom. After qualitative analysis of the vignette, we show how equity analytics generated by 

EQUIP can augment our understanding of equity and inequity in Ms. J’s classroom. 

 

A Look Inside Ms. J’s Classroom 

In general, students in Ms. J’s classroom were presented with rich mathematical tasks and 

engaged in discursive practices central to doing mathematics. Ms. J established strong 
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sociomathematical norms in her classroom and continually reinforced these norms through 

classroom discussions and assignments. The following vignette took place midway through the 

program on Day 5, at which point classroom norms and expectations had largely been 

established. The lesson that day concerned the number line. Ms. J’s goal was to orient students to 

aspects of the number line that they previously might not have problematized. The task that 

students were given involved a number line on which the numbers 0, 1, and 2 had been marked. 

Ms. J then added an additional unlabeled mark in the position where the number 4 would be. In 

previous whole-class discussions, the class had discussed the idea that equal distances on the 

number line represent equal differences between numbers. With this task, students were asked to 

determine which number should be at the unlabeled mark and also to predict which number a 

younger, second-grade student might think would go there and why. The following transcript 

involves two students, Bernardo (a Latinx boy) and Monique (a Black girl): 

 
Line 1 Bernardo: Four. 
Line 2 Ms. J: Okay, and why do you think it's four, Bernardo? 
Line 3 Bernardo: Because the distance from two and four— 
Line 4 Ms. J: —Can you put your hand down? [to another student] 
Line 5 Bernardo: There should be a number in the middle of two and 

four. 
Line 6 Ms. J: Okay so you think there should be a number here? And 

what number do you think that should be? 
Line 7 Bernardo: Three. 
Line 8 Ms. J: And why do you know three goes there, Bernardo? 
Line 9 Bernardo: Because all the numbers have the same distance. 
Line 10 Ms. J: Excellent. Now let's take off the answer that Bernardo 

gave for a minute, and who can tell me what number 
you think a second grader might put there if a teacher 
showed that, or if they saw a number line? Monique, 
what do you think somebody might put? 

Line 11 Monique: Three. 
Line 12 Ms. J: And why do you think somebody might put three 

there? 
Line 13 Monique: Because one—because after two is three. 
Line 14 Ms. J: Right, so they wouldn't be thinking about distance, they 

would just go in order. Okay, so Bernardo is right, this 
is four. 

 
 After Bernardo provides the correct answer (Line 1), Ms. J asks Bernardo to explain and 

justify his thinking (Line 2). A similar pattern occurs on two other occasions later in the vignette 



 24 

(Lines 7–8 and Lines 11–12). The message to students is that correct answers alone are 

insufficient. When a classmate raises their hand to speak while Bernardo is speaking, Ms. J asks 

them to put down their hand (Line 4). One interpretation of this move is that Ms. J wants the rest 

of the class to focus on Bernardo’s thinking. Overall, Bernardo and Monique are taking the lead 

in the classroom discussion, and Ms. J supports them by probing their sense making about the 

mathematics. Both Bernardo and Monique are members of racial and gender groups historically 

marginalized in mathematics classrooms, so their participation in mathematical discourse is 

noteworthy. 

Although this vignette suggests that Ms. J’s classroom may have been an equitable space 

for mathematical learning, the vignette also raises questions about the types of claims that can be 

made about equity and inequity across all 10 days of instruction. How typical was the kind of 

classroom discourse captured in this vignette? To what extent did other Black and Latinx 

students or girls also have opportunities to participate in the ways made available to Bernardo 

and Monique? And what about Bernardo and Monique themselves: Was this vignette typical of 

their experiences in Ms. J’s class, or was this an outlier amidst a broader pattern of 

marginalization? Next, we demonstrate how equity analytics generated by EQUIP can 

complement and add context to such qualitative analysis as well as illuminate subtle nuances in 

equity and inequity that are difficult to detect without considering patterns across the entire data 

corpus. 

 

Quantitative Results 

To generate equity analytics for Ms. J’s classroom, the entire corpus of WCDs was coded 

by the three student researcher assistants from our coding team. The quantitative results 

presented here are organized into four parts: (1) classroom-level results, (2) group-level results 

disaggregated by gender and race, (3) results disaggregated at the level of individual students, 

and (4) limitations of the quantitative results. 

 

Classroom-Level Results 

A total of 1,340 sequences were coded for the entire 10 days of classroom activity. Figure 

1 provides a histogram of student participation. The mean number of sequences per student was 

44.7 (SD = 26.5), approximately 4–5 sequences per student during each day of instruction. The 
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tails of the histogram show that there were several students who rarely participated (0–20 

sequences) and two students who participated far more frequently (101–140 sequences) than the 

rest of the class. 

 

 
Figure 1. Histogram of student participation. 

 

Figure 2 shows the distribution of sequences broken out by individual student, which provides 

additional perspective on the vignette of Ms. J’s classroom. The focal student in the vignette, 

Bernardo, only participated in 18 sequences over the entire 10 days of instruction, the least 

amount of participation amongst all boys in the class. This suggests that his participation in the 

earlier vignette was not representative of his participation during most class sessions. In contrast, 

the other student in the vignette, Monique, had one of the highest levels of participation in the 

class (the fourth highest amongst girls). 
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Figure 2. Number of sequences by student (mean = 44.7). 

 

Table 5 summarizes student participation. Nearly 80% of sequences occurred during 

content-oriented WCDs, which comprised 87% of the instructional time in WCDs. Table 5 also 

shows that 24% of student participation involved mathematical explanation (i.e., why type of 

student talk). The other category accounts for sequences in which students asked questions, 

classroom norms were discussed, or there was other talk that did not directly make a 

mathematical contribution. We see also that a total of 67% of student participation was longer 

than short, 1–4 word contributions. These analytics indicate a classroom that is organized around 

participation in meaningful discourse. 

 

Table 5 

Classroom and Student Talk Characteristics 

Discourse type Type of student talk Length of student talk 

Content (79.5%) Why (24%) 21+ words (16.8%) 
Logistics (20.5%) How (3.0%) 5–20 words (49.8%) 

 What (29.3%) 1–4 words (33.4%) 
 Other (43.7%)  
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Table 6 summarizes teacher talk. Ms. J solicited the majority of student participation 

(76.2%) by calling on students; no randomized calling methods were observed. When Ms. J 

called on students, more than half of the solicitations (53.6%) had a wait time greater than 3 

seconds, indicating that she recognized students’ need for time to think about the content being 

discussed. Consistent with results for student participation, nearly one fourth of solicitations 

(22.2%) focused on prompting the students to explain or justify their thinking (i.e., why types of 

solicitations). Compared with many mathematics classrooms, which tend to be organized around 

the IRE discourse pattern typically driven by what solicitations, we consider the proportion of 

why solicitations in Ms. J’s classroom to be relatively high. Finally, when students did 

participate, the majority of the time (80%), the teacher did not explicitly evaluate students’ 

mathematical contributions. In other words, Ms. J allowed authority to reside with the students or 

the mathematics rather than centering herself as the arbiter of correct and incorrect ideas. 

 

Table 6 

Teacher Talk Characteristics 

Solicitation method Wait time Type of solicitation Evaluation 

Called on (76.2%) 3+ seconds (53.6%) Why (22.2%) No (80.0%) 
Not called on (23.8%) 0–3 seconds (22%) How (3.2%) Yes (20.0%) 

 N/A (24.4%) What (28.0%)  
  Other (29%)  
  N/A (17.6%)  

 

Overall, the equity analytics related to classroom-level indicators align with the 

qualitative analysis of the vignette presented earlier. Ms. J’s classroom appears to be a place in 

which students were afforded opportunities to participate in mathematics in meaningful ways and 

often took advantage of those opportunities. And yet, this does not mean that all students—

particularly those from historically marginalized groups—participated in the same ways or in the 

same frequency. As we noted above, Bernardo rarely participated in mathematical discussions, 

so his participation in the earlier vignette was an outlier. In the next section, we analyze patterns 

of participation and participation opportunities disaggregated by gender and race. To compare 

actual to expected participation (based on classroom demographics), we introduce a metric called 

the equity ratio. 
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Group-Level Results and the Equity Ratio 

The equity ratio is defined as the ratio of actual participation to expected participation 

for a group of students along a particular dimension of classroom discourse. Actual participation 

is determined by classroom observation using EQUIP. Expected participation is what one would 

predict based on a group’s demographic representation in a classroom. 

The equity ratio can fall into three categories: greater than one, equal to one, or less than 

one. A ratio greater than one means that the actual participation of a group exceeds what one 

would predict in an “equal” classroom (i.e., the group’s participation is overrepresented along 

that dimension). A ratio equal to one means that actual and expected participation are the same. 

Finally, a ratio less than one means that a group’s participation is less than what one would 

predict in an “equal” classroom or that the group’s participation is underrepresented along that 

dimension. 

Here we consider how three dimensions from EQUIP (Type of Student Talk, Length of 

Student Talk, and Type of Teacher Solicitation) were distributed along the demographic 

variables of gender, race, and the intersection of gender and race. EQUIP generates a large 

number of quantitative metrics, and it is crucial that a user does not simply apply EQUIP to all 

possible dimensions of classroom discourse and demographic variables to look for significant 

results (i.e., “p-hacking”). To avoid this, we recommend that researchers and practitioners 

generate a priori hypotheses and focus on an appropriate subset of EQUIP codes. 

Figure 3 indicates that the equity ratio was close to 1 for all types of student talk; any 

differences were not significant, χ2(3, N = 1340) = 5.84, p = 0.12. Figure 3 also describes the 

length of student talk by gender. Once again, the equity ratio was close to 1. However, boys 

engaged in lengthier discourse than girls (as indicated by more “21+ word” sequences), and the 

differences were significant, χ2(2, N = 1340) = 18.1, p = 0.00012, Cramer’s V = 0.12, indicating 

a small effect size. Following up on the overall significance of the chi-square test, we conducted 

post hoc analyses of the standardized adjusted residuals associated with “21+ words.” There 

were values of 4.54 (boys) and -4.38 (girls), which cross the threshold of +/- 2, indicating that 

the individual differences were statistically significant (Sharpe, 2015). 
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Figure 3. Student talk (type and length) by gender. 

 

Figure 4 describes teacher solicitation type by gender. Once again most of the values 

were near 1, and the results were not significant, χ2(4, N = 1340) = 7.00, p = 0.13. Overall, these 

results suggest that there were no glaring inequities in classroom discourse by gender along these 

dimensions. 
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Figure 4. Teacher solicitations (type) by gender. 
 

Next, we consider the analytics by race. Figure 5 shows the breakdown of student talk by 

race. The equity ratio for Black students across all dimensions was close to 1, which suggests 

proportional levels of participation. However, the analytics also reveal subtle inequities. 

Although all students had opportunities to engage in mathematical explanations, White students 

provided significantly more why statements than one would predict based on demographics. We 

also see that across categories, Latinx students participated less overall than one would predict. 

These differences were significant, χ2(6, N = 1340) = 43.9, p = 7.6 · 10-8, Cramer’s V = 0.13, 

indicating a small effect size. Standardized adjusted residuals of -2.48 (Latinx) and 3.07 (White) 

indicate that these results were significant for why statements (Sharpe, 2015). Regarding length 

of talk, White students provided the majority of the extended contributions, whereas Latinx 

students were less likely to do so. These differences again were significant, χ2(4, N = 1340) = 

57.1, p = 1.2 · 10-11, Cramer’s V = 0.146, indicating a small effect size. Standardized adjusted 

residuals of -3.51 (Latinx) and 4.50 (White) indicate that these results were significant for “21+ 

words” (Sharpe, 2015). 

 

 
Figure 5. Student talk (type and length) by race. 

 



 31 

Figure 6 shows teacher solicitation type by race. The results here were relatively 

consistent with those shown in Figure 5: Black students received proportional opportunities to 

participate, White students received a disproportionately greater number of why questions, and 

Latinx students were underrepresented in every category. Figure 6 adds a new level of depth with 

the N/A category, which occurred when students spontaneously offered ideas to the discussion; 

Black students were most likely to participate in this way. The differences shown in Figure 6 

were significant, χ2(8, N = 1340) = 52.58, p = 1.4 · 10-8, Cramer’s V = 0.140, indicating a small 

effect size. Standardized residuals of 5.94 (for Black students) indicated that these results were 

individually significant (Sharpe, 2015). 

 

 
Figure 6. Teacher solicitation (type) by race. 

 

Finally, we consider the intersection of race and gender. Figure 7 offers additional nuance 

to the race-only analytics shown in Figure 5. The race-only analytics showed that participation of 

Black students overall was found to be proportional, and here the intersectional analytics show 

that there were also negligible differences in participation between Black boys and Black girls. 

The one dimension in which there was a significant difference was the length of student talk: 

Black girls were less likely to make extended contributions than Black boys, χ2(10, N = 1340) = 

106.0, p = 3.3 · 10-18, Cramer’s V = 0.20, indicating a small to medium effect size. This was 
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confirmed by looking at standardized adjusted residuals of 4.49 (Black girl) and 4.23 (Black boy; 

Sharpe, 2015). Next, the race-only analytics showed that White student participation was 

disproportionately high with why level contributions and lengthier talk. Here the intersectional 

analytics show that although participation from White girls was proportional for these 

dimensions, it was White boys that accounted for the overrepresentation of White student 

participation. Similarly, the intersectional analytics show that the disproportionately lower 

participation by Latinx students overall is best explained by Latinx boys, who consistently 

participated at lower rates. Fisher’s exact test was used to account for small expected values in 

the contingency table. The results were significant (p = 8.26 · 10-6), Cramer’s V = 0.13, 

indicating a small effect size. Post hoc analyses showed standardized residuals of magnitude 3 or 

greater (accounting for the large contingency table size) for what, why, and other and for 21+ and 

5–20 words, indicating that they were all significantly different from what one would expect by 

chance (Sharpe, 2015) 

 

 
Figure 7. Student Talk (type and length) by race and gender. 

 

Figure 8 shows teacher solicitation types by race and gender. These analytics confirm the 

patterns of student discourse in Figure 7. Additionally, Figure 8 shows that the small number of 

spontaneous contributions (the N/A category) by Latinx students were from Latinx girls. Fisher’s 
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exact test was used to account for small expected values in the contingency table. The results 

were significant (p = 0.003), Cramer’s V = 0.124, indicating a small effect size. The standardized 

adjusted residual for Latinx boys was -3.80, indicating a significant difference; for Latinx girls, it 

was -2.21, which is borderline (but not quite) significant given the larger contingency table 

(Sharpe, 2015). 

 

 
Figure 8. Teacher solicitations (type) by race and gender. 

 

Considering gender alone, it seemed that students had equal opportunities to participate 

in cognitively demanding ways, but the race-only analytics and intersectional analytics tell an 

increasingly nuanced story. Although both boys and girls of all races generally had proportional 

opportunities to participate, it seemed that two groups—White boys and Latinx boys—had 

differential access in Ms. J’s classroom. 

 

Individual Student Results 

To visualize individual students, we use a violin plot, which allows us to see the race and 

gender of individual students alongside dimensions of their participation. Figures 9, 10, and 11 

show individual student contributions for Length of Talk, Type of Talk, and Type of Teacher 

Solicitations, respectively. Note that the axes on these graphs are cut off at 30 to allow for visual 
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comparisons across different levels of the dimensions and that outliers (scores above 30) are 

indicated in the figure notes. As a result, some outliers in the violin plots are cut off at 30. In 

these charts, gender is indicated by position relative to the 0-line of the x-axis (contributions 

from boys below and contributions from girls above the 0-line). Racial categories are color-

coded. Each violin plot contains an individual half-bar for each of the 30 students in Ms. J’s 

class. Plots with fewer than 30 half-bars indicate that not all 30 students contributed sequences of 

that type for a given dimension. For example, 5 of the 30 students did not make any 

contributions longer than 21 words, so the plot for 21+ words in Figure 9 only contains 25 half-

bars (instead of 30 half-bars). 

 

 
Figure 9. Violin plots of student talk length. Outliers by category. 1–4 words: 70 (Bg), 37 (Bb); 
5–20 words: 67 (Bg), 41 (Bb); 21+ words: 37 (Bb), where B indicates Black, g is girl, and b is 
boy. 
 

Figure 9 shows the violin plots for individual student talk length. Looking at the shapes 

of the distributions, one can see that extended contributions (21+ words) were limited to a 

smaller subset of students (as indicated by the narrow tail), whereas many more students 

participated with shorter contributions (the thicker tails of the distributions for 1–4 words and 5–

20 words). Further, the skew of the graphs was larger for boys. This indicates that a few boys 

who participated frequently with extended contributions were responsible for raising the overall 

proportion of boys for the 21+ words category. This suggests that differences in extended 

contributions between boys and girls may have been due to disproportionately greater 

participation by a few “high-status” boys as opposed to a systematic gender bias across all 
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students. These plots also help further disaggregate the contributions of Latinx students in the 

class. Surprisingly, it was a Latinx girl—represented by the tall orange bar on the right end of the 

21+ words violin plot—who had more extended contributions than any other girl. 

Figure 10 shows the distribution of student talk type, and Figure 11 shows the 

distribution of teacher questions. Analyzing these sets of plots together reveals several 

interesting insights. For instance, there is a Latinx girl who had the third highest number of why 

statements for a girl, but she was the eighth highest girl for responding to teacher why questions. 

This suggests that this particular student often took up lower level questions as an opportunity 

for higher level explanation. With the exception of this student, most patterns for the type of 

student talk generally mimicked patterns for teacher questions. In addition, the distribution of 

how talk and questions shows that many students never explained their reasoning and never 

responded to these types of questions because they were used very infrequently by the teacher. 

 

 
Figure 10. Violin plots of student talk type. Outliers by category of student talk. Other: 73 (Bg), 
74 (Bb), 36 (Bb), 34 (Bb); what: 45 (Bg), where B indicates Black, g is girl, and b is boy. 
 

 
Figure 11. Violin plots of teacher solicitations. Outliers by category of teacher question. N/A: 55 
(Bg), 33 (Bb); other: 45 (Bb); what: 36 (Bg), where B indicates Black, g is girl, and b is boy. 
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In sum, individual-level results provide a way to look at the distribution of student 

contributions in various categories, which can add a level of nuance beyond group-level results.  

 

Limitations and the Need for Mixed-Methods Approaches 

This methodology has limitations. First, EQUIP focuses on lower inference, frequently 

occurring dimensions of classroom discourse. As a result, EQUIP—and the equity analytics 

methodology more broadly—may not be as effective at tracking patterns in discursive 

phenomena that occur infrequently or that require considerable interpretation. For example, in 

our own prior work, we have found that nonverbal racialized exchanges lasting only a few 

seconds can have a profound impact on students’ mathematical identities and educational 

experiences (Shah & Leonardo, 2016). Certain higher inference discourse events might be better 

analyzed by qualitative approaches. Still, the extent to which EQUIP can analyze higher 

inference phenomena remains an empirical question for future research. 

A second limitation relates to the student populations in question. Although EQUIP may 

provide insights into racial inequities in a racially diverse classroom, in a more homogeneous 

classroom, it may be less useful for providing insight into the racialized nature of mathematics 

teaching and learning. Nevertheless, it still may be possible to analyze patterns based on 

understudied racial phenomena, such as hierarchies based on skin tone (e.g., darker skinned 

Black students vs. lighter skinned students; Hunter, 2007). Additionally, EQUIP may provide 

insight into differences among other social markers in such contexts, such as language or gender. 

In this sense, the value of EQUIP is dependent on the demographic information available and 

what insights a research team may have into which social markers matter most in a given 

context. 

Third, we acknowledge a potential limitation concerning the size of groups in group-level 

analyses. In this study, for example, students in Ms. J’s class were primarily Black. Although we 

make claims about White and Latinx boys, there were only two members of each of these 

groups. As such, one should be cautious in extrapolating strong claims from these groups, given 

the small sample sizes. At the same time, we note that in classrooms with only a few individuals 

from a marginalized group, those students are often seen as stand-ins for all members of that 

group. In other words, even if there are only two Latinx boys in the class, the way they 
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participate may be perceived by their classmates and teacher as representative of how all Latinx 

boys participate in math classes. 

A final limitation is what our approach can actually tell us about equity. Here we argued 

that equality is a necessary waypoint to equity for students from historically marginalized 

groups; however, we also stated that equity transcends benchmarks of equality because equity is 

fundamentally about justice. But what does justice look like in a mathematics classroom? Black 

students comprised 70% of all students in Ms. J’s classroom, and 73% of all high-level questions 

went to those Black students. Although 73% constitutes a statistically proportional share of high-

level questions for Black students, can we say that it is a “just” share? In fact, given the long 

history of marginalization that Black people have faced in mathematics classrooms and in 

society, one might argue that equity would involve Black students actually receiving a 

disproportionately greater share of learning opportunities. 

Ultimately, equity is a subjective concept, and the equity analytics methodology cannot—

and does not purport to—specify optimal levels and forms of equity. We consider this a 

limitation intrinsic to all observation tools, which by their nature cannot illuminate subjective 

facets of equity. It is also critically important that, when possible, studies of equity in classrooms 

account for students’ subjective perceptions of equity. That is, even if the quantitative data 

indicate more equitable patterns, do the students themselves perceive that they have fair 

opportunities to participate? Prior research on students’ subjective experiences in mathematics 

classrooms offers a rich base of work from which to build (Berry, 2008; Lubienski, 2000; 

Martin, 2006; McGee & Martin, 2011; Stinson, 2008). 

Tools like EQUIP are most effective when used in conjunction with deeper qualitative 

analyses that can contextualize and add depth to quantitative data. Further, equity analytics 

should be interpreted in relation to teachers’ professional knowledge of their students and their 

practice, as well as students’ subjective perspectives. In that way, surveys and interviews could 

be used to complement observational data. These data would provide insight into a teacher’s 

planning and students’ subjective experiences, capturing aspects of equity that cannot be 

ascertained by looking at participation alone. In short, rigid dichotomies between quantitative 

and qualitative methods are problematic. Integrated methodological approaches are needed to 

study the multidimensional problem of equity and inequity in classrooms. 
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Discussion 

Classroom discourse is critical to student learning and is thus a site where inequities can 

proliferate. Indeed, certain groups—non-Asian students of color, girls, and emergent multilingual 

students, in particular—remain marginalized with respect to their opportunities to participate in 

discourse (McAfee, 2014; Planas & Gorgorió, 2004; Sadker et al., 2009). This article presented 

EQUIP as one instantiation of equity analytics, a methodological approach for measuring certain 

aspects of equity and inequity in discourse. From this perspective, we set out to address this 

question: What are the affordances and limitations of a quantitative approach to measuring 

aspects of equity in classroom discourse? In this section, we specify our contribution to the 

existing literature on measures of classroom phenomena and potential to advance research and 

practice in the area of equitable instruction. 

Ms. J was a highly experienced teacher with deep commitments to equity. In the 

aggregate, the analytics generated by EQUIP suggest that Ms. J’s classroom was an equitable 

space: Ms. J supported participation in rich sense making through high-level questions and by 

encouraging student–student discourse. We suspect that existing observation tools, which focus 

on classroom-level analyses of the quality of classroom discourse, would also support this 

conclusion. However, because they were not designed for disaggregation at finer grain sizes, 

existing measures cannot answer who in Ms. J’s classroom was getting access to these rich 

participation opportunities. 

Equity analytics was designed to address this limitation. In this case, we argue that 

EQUIP revealed several powerful insights about equity and inequity in Ms. J’s classroom that 

would have been too subtle for other tools to detect. For example, Ms. J distributed participation 

opportunities proportionally to both girls and Black students. Given that these groups tend to be 

marginalized in mathematics classrooms (Langer-Osuna, 2011; Martin, 2006; McAfee, 2014), 

this is a positive finding. It is further noteworthy that Ms. J was able to sustain such patterns over 

a substantial number of classroom discussions. Nevertheless, without interviewing Ms. J, here 

we cannot determine why she was able to distribute participation opportunities in this way. 

Again, this highlights the value of a mixed-method approach. 

Alternatively, EQUIP also identified several inequities. With respect to race, White 

students engaged in a disproportionately greater number of why level sequences. Using 

intersectional analytics to further unpack this pattern, the data show that White boys, in 



 39 

particular, were afforded a disproportionately greater number of why level teacher solicitations. 

Notably, this pattern aligns with what Stinson (2008) has called the “White male math myth” (p. 

975), which posits that White men (or boys) inherently possess a greater mathematical ability 

than others. The analytics also showed that participation by Latinx boys was underrepresented 

along nearly every dimension. In fact, one of these Latinx boys was Bernardo, the student who 

appeared in the vignette presented earlier that showed him participating in mathematical 

discourse. In contrast to the vignette, the individual student-level analytics revealed that this type 

of participation was, in fact, highly atypical for Bernardo. 

We make two notes about these empirical findings. First, it is not surprising that there 

was evidence of both more and less equitable patterns of interaction in the same classroom. In 

fact, amidst the density of everyday classroom interaction, we should expect this kind of 

variation. Observation tools must be sensitive enough to capture both positive and negative 

equity trends. Second, it also should not be surprising that inequities emerged even in the 

classroom of a highly skilled, equity-minded educator like Ms. J. The observed inequities might 

reflect implicit biases that trumped Ms. J’s best intentions (Staats et al., 2016). To be sure, it is 

unlikely that Ms. J realized that she was calling on Latinx students less frequently or that she was 

consciously trying to privilege the participation of White boys in her class. Without additional 

data, we cannot make claims about the teacher’s intent. However, regardless of intent, the equity 

analytics illuminate patterns—both promising and problematic—that deserve deeper 

consideration. These patterns might be explored further in working with the same teacher, or 

working across a number of different classrooms, to understand which patterns are endemic to 

our education system more broadly and which are localized to a specific classroom. 

We also reiterate that there are tensions associated with achieving equitable participation. 

For instance, a teacher might use only random calling methods, which would result in an equal 

distribution of participation across groups. However, using that as the only method could also 

stifle student agency because students might not necessarily have opportunities to make the 

contributions that they wished to make. Further, it might result in limited student–student cross 

talk due to the more prescribed nature of interactions. This is not to say that random calling 

cannot be a useful tool in the service of equity, but it certainly should not be seen as a panacea. 

Ultimately, we believe that the real value in the equity analytics methodology lies in its 

capacity to support educators in noticing subtle equity patterns (Hand, 2012; Wager, 2014). 
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Because the quantitative data do not speak for themselves, noticing various trends can lead 

researchers and practitioners to raise generative questions about equitable teaching practice. In 

the case of Ms. J, what might explain the proportional distribution—and sometimes even 

overrepresentation—of participation from Black boys in her class? Was this a statistical fluke, or 

did it reflect a racial justice ideology informing her teaching practice that caused her to 

deliberately attend to the participation of this group of students? If the latter, then what are the 

implications for our theorizing of the relationship between equity-related ideologies and teacher 

practice? Similarly, what might explain the underrepresentation of participation from Latinx 

boys? Was this an effect of implicit bias, or were these emergent multilingual students whose 

participation in public discussions Ms. J was purposefully trying to moderate? 

Questions of this kind are beyond the scope of the present study but are of central interest 

in future research. How might equity analytics empower teachers to reflect on equity issues in 

their own practice? Presumably, if Ms. J had access to such data, she might have made 

purposeful decisions about how to make her instructional practice more equitable. All teachers 

need access to actionable data on equity patterns in classroom discourse, especially those related 

to groups historically marginalized in mathematics education. Compared with existing 

observation tools that produce holistic descriptions of classrooms, EQUIP is well-positioned to 

provide such data. 

To be clear, in proposing equity analytics we do not mean to perpetuate the narrative of 

quantitative data or large data sets (i.e., “big data”) as having an “aura of truth, objectivity, and 

accuracy” (d. boyd & Crawford, 2012, p. 663). Data—big or small, quantitative or qualitative—

have no inherent meaning. The conclusions that we draw from data are effects of our interpretive 

frameworks. The goal of equity analytics is not to capture all of the context and rich nuance of 

classroom interaction. Rather, we argue that certain types of high-leverage quantitative 

information can provide useful baseline data for exploring fundamental questions about the 

distribution of participation opportunities. 

 

Conclusion 

Classrooms are complex spaces, and inequities can often be too subtle for researchers and 

practitioners to notice. However, the field currently lacks observation tools that are sensitive 

enough to illuminate the nuanced ways in which inequity operates in classrooms. This article 
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presented equity analytics—as instantiated in the EQUIP observation tool—as a quantitative 

approach for capturing certain facets of equity and inequity in classroom discourse. Although our 

interests and commitments lie primarily in mathematics education, EQUIP’s general focus on 

classroom discourse means that it can also be used in other subject areas. Social forces like 

patriarchy, racism, linguicism, and other forms of oppression cannot be reduced to a set of 

statistical comparisons; however, quantitative analytics of the kind described here can 

complement qualitative approaches that analyze higher inference classroom phenomena 

consequential for equity. We are cautiously optimistic that the relative simplicity and flexibility 

of the equity analytics methodology represents a promising step forward for equity work. 
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APPENDIX A 

TRU Math Dimensions 

 
 
Schoenfeld, A. H., & the Teaching for Robust Understanding Project. (2016). An Introduction to 
the Teaching for Robust Understanding (TRU) Framework. Berkeley, CA: Graduate School of 
Education. Retrieved from http://map.mathshell.org/trumath.php. 
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APPENDIX B 

Excerpt from Extension of MQI: Mathematics Quality and Equity (MQE) 

V. Use of mathematics to teach equitably (measured for each clip) 

Dimension Present / 
Not Present 

a1. Real-world problems or examples not present  
a2. Real-world problems or examples present  
b. Explicit student tasks and work  
c. Explicit talk about the meaning and use of mathematical language  
d. Explicit talk about ways of reasoning  
e. Explicit talk about mathematical practices  
f. Instructional time is spent on mathematics  
g. Teacher encourages diverse array of mathematical competence  
h. Teacher emphasizes student effort and conveys message that effort will 
eventually pay off  

 

i. Teacher encourages and gives opportunities for students to work 
autonomously 

 

j. Expressed expectation that everyone will be able to do the work  
 

(excerpt from Goffney, 2010) 
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APPENDIX C 

Excerpt from Accountable Table Rubrics (Instructional Quality Assessment) 

 

(from: 
http://peabody.vanderbilt.edu/docs/pdf/tl/IQA_RaterPacket_LessonObservations_Fall_12.pdf) 
 

 


