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ABSTRACT 
Teacher expectations and judgments about student capabilities are predictive of student achievement, yet 
such judgments may be influenced by salient dimensions of student identity and invite biases. Moreover, 
ambitious math teaching may also invite teacher biases due to the emphasis on student-generated inputs 
and ideas. In this pre-registered audit experiment, we investigate teacher biases in a) expectations and 
judgments about student capabilities in math and b) teacher responsiveness to students’ mathematical 
thinking. Through a between-subjects design, we randomly assigned teachers to a simulated classroom 
composed of predominantly Black, Latinx/e, or White students and prompted them to respond to a 
student’s mathematical solution. We also prompted teachers to judge the quality of the student’s 
mathematical thinking and rate their expectations about the difficulty of the problem for the typical 
student. Our findings show teachers expected greater task difficulty in both the Latinx/e and Black 
classroom conditions relative to the White. We also found teachers may be more likely to support student 
sense-making and provide more positive, substantive affirmations to Black students relative to White 
students for the same mathematical solution. We did not find differences by condition in other 
dimensions. Our findings have implications for teacher training and reform-oriented mathematics 
instruction. 

Keywords: Race, equity, mathematics instruction, ambitious math teaching, disparities, teachers 
and teaching, teacher bias, racial bias, implicit bias, randomized experiment, experimental research
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SAME IDEA, SHIFTING STANDARDS: AN EXPERIMENTAL STUDY OF RACIAL-ETHNIC BIASES IN 
AMBITIOUS MATH TEACHING 

“Teachers, like all of us, use the dimensions of class, race, sex, ethnicity to bring order to their perception 
of the classroom environment” (Lightfoot, 1978, pp. 85-86) 

The United States has one of the widest math performance distributions in the world (National 
Center for Education Statistics, 2019)—a sobering indicator of systemic inequity and social injustice in 
mathematics education. European American or White1 and Asian American students consistently 
demonstrate stronger math achievement compared to Latinx/e2, Native American, and Black3 students, 
contributing to magnified disparities in later educational outcomes, lifetime earnings, and overall access to 
opportunity in American society (Gutiérrez, 2012; Jencks & Phillips, 2011; Reardon et al., 2015). Scholars 
have called for a critical examination of “opportunity gaps” for student learning in math, gaps which may 
help to explain differences in student performance (Flores, 2007; Ladson-Billings, 2006; Martin, 2009; 
Milner, 2010). Such gaps in opportunity include differences in overall teacher quality, curricula, school 
funding, as well as educator expectations and mindsets about students of color that limit access to 
academically rigorous learning experiences (Irvine, 2010; Milner, 2012). 

To better understand opportunity gaps, scholars have called for a closer examination of racial-
ethnic4 biases in teachers’ instructional decisions (Warikoo et al., 2016). Indeed, disparities between 
Black and White student achievement in the U.S.—an important measure of education inequality—
correlate with teachers’ implicit racial biases at the county level, suggesting a relationship between 
teacher bias, instructional mechanisms, and student achievement (Chin et al., 2020). Findings from audit, 
experimental, and naturalistic studies have demonstrated racial-ethnic biases favoring dominant student 
groups, with consistent findings across various instructional dimensions identifying biases in teacher’s 
general academic expectations (Tenenbaum & Ruck, 2007; van den Bergh et al., 2010) and associated 
student achievement (Peterson et al., 2016), assessments of student ability for ambiguous solutions in 
math (Copur-Gencturk et al., 2019), grading (Malouff & Thorsteinsson, 2016; Quinn, 2020b), feedback 
and praise for writing (Harber et al., 2012), general classroom discourse patterns, and disciplinary and 
educational service referrals (Tenenbaum & Ruck, 2007).  

We extend this work in two ways. First, to our knowledge no studies have examined how 
teachers' expectations of task difficulty–teachers' prospective judgments about how hard a task will be for 
students–might differ when they are cued to think about students of different race-ethnicities. Critically, 
expectations about future student learning not only predict student achievement (Weinstein, 2002), they 
also vary between students of different race/ethnicities, with lower expectations for students belonging to 
historically minoritized groups (Peterson et al., 2016; Pit-ten Cate & Glock, 2023; Rubie-Davies et al., 
2006). We argue that assigning tasks to students is a concrete mechanism by which expectations can 
introduce bias into students' opportunities to learn and investigate those difficulty expectations here. 
Indeed, prior research has found racial bias against Black students in teacher task selection (Pollard, 
2022), making difficulty estimations a fruitful line of study.  

Second, few studies have investigated whether biases arise in teachers’ in-the-moment decisions 
about instruction in the domain of mathematics, despite teachers having wide discretion about such 
decisions (Ball, 2018). We argue that teacher biases may be particularly relevant to ambitious instruction, 
a set of instructional practices that relies heavily on dialogue between teachers and students to support 

 
1 In line with prior scholarship by Ewing (2020) and others, we capitalize "White" in order to underscore 
"the specificity and significance of Whiteness–the things that it is, the things that it does." 
2 We use the gender-neutral and inclusive pan-ethnic identifier “Latinx/e” while understanding that not all 
members of this group may self-identify with this term (Trejos, 2024). 
3 We use the term “Black” in order to recognize this racial-ethnic identity in a transnational manner, 
inclusive of individuals with roots in the Caribbean and Latin America (Laws, 2020).  
4 Our use of the term "racial-ethnic" aligns with prior scholarship on the interrelationship between racial 
and ethnic identities. We take race to define a "socially constructed lay theory" (p. 4) representing 
perceived phenotypic differences between groups of people. Similarly, ethnicity represents national origin 
and the cultural traditions of social groups. Race and ethnicity are socially constructed and highly 
correlated both in terms of perception and in terms of sociocultural identity. Further, while terms like 
"Latinx" represent an ethnic social categorization, terms like "Black" often represent both racial and ethnic 
social categories. As such, we take the term “racial-ethnic” to capture the overlapping meanings of these 
constructs (Cross & Cross, 2008). 
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student engagement in cognitively demanding work (Lampert et al., 2013). Ambitious instruction includes 
teacher instructional moves such as eliciting student thinking, using that thinking in subsequent 
instruction, and affirming the substance of students’ mathematical ideas—what some call responsive 
teaching in mathematics (Kang, 2022; Richards & Robertson et al., 2015). In such classrooms, student 
sense-making about mathematics is “put into play” as a resource for learning, and teachers respond by 
affirming and building on those ideas. Such centering of student sensemaking as a resource for learning 
is associated with improved learning outcomes in math, as it supports higher-order thinking and the 
construction of conceptually-based subject matter knowledge (Carpenter et al., 1989; Cohen & Hill, 2000; 
Schoenfeld et al., 2023; Smylie & Wenzel, 2006). However, as Ball (2018) notes, the high volume of 
teacher decisions during ambitious math instruction—and the wide latitude for discretion—may create 
more opportunities for teacher biases to emerge.  

We investigate the relationship between student race and teacher expectations and 
responsiveness via a three-factorial, between-subjects design in which we randomly assigned teachers to 
a simulated classroom environment composed of predominantly Black, Latinx/e, or White students and 
then prompted them to verbally respond to a hypothetical target student’s mathematical solution. We also 
prompted teachers to rate the quality of the hypothetical student’s mathematical thinking and the level of 
difficulty of the problem for the typical 4th grader in the U.S. Our specific research questions are: What is 
the extent to which teachers demonstrate biases amongst Black, Latinx/e and White students in their… 

1) … expectations and judgments about student math capabilities, including a) teacher judgments 
about the quality of student mathematical thinking and b) teacher expectations of task difficulty for 
typical students? 

2) … instructional moves that are responsive to students’ mathematical solutions, including 
elicitation and use of student thinking, substantive affirmations to students, and student-centered 
instructional moves? 

We argue that this study combines the clear causality that arises from audit experiments with more 
authentic depictions of classroom life and teacher decision-making (Herbst et al., 2011; Charalambous, 
2020). Because ambitious math instruction and high expectations are linked to improved learning 
outcomes for students, knowledge about the extent to which student racial-ethnic groups may experience 
such opportunities to learn differentially in these high-leverage instructional domains will contribute to the 
field’s understanding of how racial achievement disparities come to be at the classroom level. More 
importantly, a concrete understanding of the instructional mechanisms behind racial inequality has the 
potential to inform teacher education and professional development with specific areas to intervene on, 
for example, through teacher coaching and rehearsals (Mancenido et al., 2025) 

BACKGROUND 
Here, we discuss the prior literature on racial-ethnic biases in teacher expectations and 

instruction through the lens of implicit social cognition, with particular attention to domain-general biases 
and those specific to the mathematics instructional context. We follow with an overview of ambitious 
mathematics instruction and its relationship to student learning, arguing that this type of teaching may 
simultaneously instigate and inhibit student opportunities to learn according to how these dimensions of 
instruction interact with teacher biases. We articulate the gap we aim to address before arriving at the 
present study. 
RACIAL-ETHNIC BIASES IN THE CLASSROOM 

Observational studies suggest minoritized learners miss out on grade-level appropriate 
assignments, high-quality instruction, deep engagement, and high expectations for their learning (TNTP, 
2018). Classrooms serving students of color often exhibit reduced cognitive challenge, with a greater 
emphasis on procedural skill or rote practice, particularly for Black and Latinx/e students in urban settings 
(Boston & Wilhelm, 2017). An examination of racial-ethnic biases in the classroom through the lens of 
social psychology may help to explain such disparities in student opportunities to learn (Warikoo et al., 
2016).  

Specifically, implicit social cognition theory, which refers to the subconscious influence of one’s 
past experiences on their perceptions, attitudes, and behaviors (Greenwald & Banaji, 1995), provides a 
conceptual framework for understanding the ways in which racial-ethnic biases may shape teachers’ 
expectations, judgments about student capabilities, and responsiveness to student solutions. Biases in 
behavior and judgments trace back to stereotypes or cultural beliefs about the behavior and traits of 
social groups (Eagly & Chaiken, 1993; Hilton & von Hippel, 1996; Tajfel, 1970). A function of stereotypes 
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is group categorization, which is used as a way to save time and cognitive resources when processing 
information and making sense of one’s complex social world (Schneider, 2004). 

In education, dominant social narratives about Black and Latinx/e students have the potential to 
inform stereotyped perceptions of minoritized learners. Racial-ethnic minority groups have been harmfully 
mischaracterized as having low intelligence or being less hard working (Bonefeld et al., 2020; Fiske et al., 
2007). Stereotypes about minoritized learners may indeed shape individual’s perceptions; in a 
randomized experiment, Quinn (2020a) found that viewers who watched a TV news story about racial 
achievement gaps expressed more exaggerated stereotypes of Black Americans as lacking education 
and showed increased implicit stereotyping of Black students as less competent compared to their White 
counterparts. Common stereotypes in education concerning minoritized learners, particularly in math, are 
enduring and have the potential to shape teacher perspectives of their students and decisions in the 
classroom (Martin, 2009).  

Paradoxically, stereotypes that lead teachers to hold lower expectations may result in more 
positive judgments about specific individuals’ work. This occurs, as described by the shifting standards 
theory, when stereotypes about social groups inform standards for evaluating members of that group, and 
those standards shift and differ across groups (Biernat et al. 1991; Biernat, 1995). Marshall’s (2020) 
discussion of the use of terms like “well-spoken” or “articulate” in reference to Black people simply 
communicating effectively helps to illustrate the shifting standards theory. Such descriptors imply a low 
standard for members of minoritized groups and result in more positive judgments about the same skill or 
ability as compared to those for white individuals. 
BIASES IN TEACHERS’ ACADEMIC EXPECTATIONS AND JUDGMENTS ABOUT STUDENT 
ABILITIES  

Teacher expectations are the cognitive, “inferential judgments that teachers make about probable 
future achievement and behavior of a student” (Brophy & Good, 1974, p. 129). In mathematics, 
expectations and judgments about student abilities can involve teacher expectations of the difficulty of a 
problem or task for a student and judgments about the quality and sophistication of students’ 
mathematical thinking. Informed by implicit stereotyped perceptions, teacher expectations differ across 
student groups, as they are influenced by characteristics such as the student’s socioeconomic status, 
gender, (dis)ability, language, and race-ethnicity—the focus of this study (Rubie-Davies et al., 2012). 
Prior research provides evidence on this point: a meta-analysis of 32 studies concluded teacher 
expectations are higher for White students compared to Black (d=.25) and Latinx/e (d=.46) students 
(Tenenbaum & Ruck, 2007). Non-Black teachers have also been found to hold significantly lower 
expectations of Black students compared to Black teachers (Gershenson et al., 2016). Further, an 
experimental audit study by Anderson-Clark et al. (2008) found that teacher ratings of students’ 
motivation and achievement-related behaviors were significantly lower for a Black-associated name 
compared to a White-associated name, but no main effect was found from explicitly-stated descriptions of 
student race. These studies highlight the unique role of implicit racial biases over explicit ones in 
influencing teacher expectations and judgments of student academic abilities. 

Such differential expectations by race appear consequential for student achievement. Teachers’ 
implicit biases have been shown to predict racial achievement gaps between Dutch-origin and Turkish 
immigrant students, and this relationship is mediated by teacher expectations (van den Bergh et al., 
2010). Peterson and colleagues (2016) found implicit biases in favor of ethnic-majority student groups in 
New Zealand likewise predicted student achievement in reading and math, and that students in 
classrooms of teachers who explicitly held higher expectations for their learning showed greater 
improvements in reading. While some scholars have argued that differential teacher expectations by 
student race merely reflect racialized achievement disparities (Jussim & Harber, 2005), Peterson and 
colleagues’ models (2016) identified the effect of bias while also controlling for prior student achievement.  

In mathematics, there is mixed evidence for biased teacher expectations for and judgments about 
student abilities. Using a fractions task involving adding unlike fractions, Pollard (2022) found teachers 
were more likely to attribute errors to the student, rather than to the student’s prior instruction, for Black 
students as compared to White students, and this effect was larger when the teacher held stronger pro-
White implicit bias (as measured by the Teachers’ Implicit Association of Academic Achievement Task 
(TIAAAT) adapted from Peterson et al. (2016)). Examining interactions between student gender and race-
ethnicity, Copur-Gencturk and colleagues (2019) found that while teachers were unbiased when rating 
the correctness of student solutions, they demonstrated racial-ethnic biases in their ratings of student 
math abilities for partially correct solutions. Teacher ratings were lowest for Black and Latinx/e or Hispanic 
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girls compared to boys and White students, underscoring the additive effects of marginalized identities for 
inviting biases. However, no evidence of racial bias was found on average in a study that assigned race-
specific names to student math solutions (Copur-Gencturk et al., 2023). In a similar experiment carried 
out in the virtual context, this time using screenshots of students explaining their work, teachers did not 
demonstrate correctness or ability bias, but they were more likely to recommend male students for a 
gifted program and refer Black students for special education based on identical student work (Copur-
Gencturk et al., 2022). These findings demonstrate the role of biases in teachers’ subjective judgments 
about students’ mathematical thinking, particularly at the intersections of marginalized identities of student 
race and gender. 
BIASES IN TEACHERS’ INSTRUCTION 

Biases have also been shown in various dimensions of teachers’ instruction. In their meta-
analysis of both experimental and non-experimental studies on teacher speech patterns, Tenenbaum and 
Ruck (2007) found racial biases in teachers’ valence of speech and referrals, with more positive speech 
(e.g. encouragement) and more neutral speech (e.g. questions) for European American students as 
compared to Black and Latinx/e students. Teachers were found to direct negative speech equally across 
student groups. While the associations were small, they were statistically significant within the meta-
analytic framework, in line with previous research on the small-to-moderate effects of implicit biases. 
However moderate the effect sizes may be, the consequences of racial-ethnic biases have the potential 
to be cumulative and harmful (Greenwald et al., 2014) over the course of a student’s entire K-12 
schooling history, leaving them underprepared for higher education. 

Scholarship has also uncovered racial biases in teachers’ subjective feedback on student writing. 
In an experimental audit study of student essays, Harber et al. (2012) found that White teachers 
demonstrated positive feedback bias toward Black and Latinx/e students, providing less critical feedback 
than they did for White students, but only on the more subjective components of writing like content rather 
than mechanics. In line with the shifting standards theory described above, the authors of this study 
hypothesize that teachers may have provided more positive affirmations on Black and Latinx/e students’ 
writing because they had lower initial expectations for their writing skills. While prior research shows 
teachers provide biased ability ratings towards Black and Hispanic students’ work (Copur-Gencturk et al., 
2019), there are no studies to date, to our knowledge, that examine biases in teachers’ affirmations of 
student thinking in mathematics. 

Research on racial biases in math teaching has begun to emerge. In the area of mathematical 
task selection—which reflects teacher judgments about student abilities, a focus of this study—Pollard 
(2022) found that teachers were more likely to select lower-quality math curricular materials and remedial 
instruction for Black students compared to White students. Pollard (2022) also found that teachers were 
more likely to endorse student-centered instructional moves for Black students compared to White 
students. Finally, student race showed no relation to the grades or feedback provided in mathematics. 

Such findings align with prior results from audit experiments in psychology in which biases have 
been found to inform behavior and judgments when respondents are given greater latitude for 
interpretation. Indeed, in the absence of information and in ambiguous situations that require subjectivity, 
student group membership may become more salient, causing implicit biases to play a more pronounced 
role in informing action (Dovidio, 2001). In ambitious mathematics teaching—where teachers must do 
more than simply evaluate student answers as correct or incorrect and instead interpret student thinking 
and articulate a reasoned reaction—implicit biases may be more likely to affect teachers’ cognitive 
processing. Yet we know of no studies to date that examine racialized differences in teacher 
responsiveness in the moment in this crucial instructional domain. 
AMBITIOUS MATHEMATICS INSTRUCTION AND TEACHER RESPONSIVENESS 

Greater cognitive activation on the part of the student is core to what some term “ambitious math 
instruction” (Lampert et al., 2013; Smylie & Wenzel, 2006). In line with reforms outlined by National 
Council of Teachers of Mathematics (NCTM, 2000, 2014) and Common Core State Standards Initiative 
(2010), this approach to instruction emphasizes the rigor of mathematical tasks and student sense-
making around those tasks. Teacher responsiveness to student thinking can contribute to student sense-
making, making responsive teaching—sometimes called dialogic teaching (Alexander, 2008)—in 
mathematics an important tool for building student knowledge. In this form of instruction, teachers work to 
surface students’ mathematical ideas, have students justify their thinking processes, and have them 
attend to each other’s reasoning. Such centering of student sensemaking as a resource for learning is 
associated with improved learning outcomes in math, as it supports higher-order thinking and the 



SAME IDEA, SHIFTING STANDARDS 

5 

construction of conceptually-based subject matter knowledge (Carpenter et al., 1989; Schoenfeld et al., 
2023; Smylie & Wenzel, 2006). 

Effective responsive teaching in mathematics necessitates a variety of instructional moves from 
the teacher as they work with student mathematical thinking in the moment (Boston, 2012; Stein et al., 
2008). Key responsive teaching moves investigated here include eliciting, using, and affirming student 
thinking as well as supporting student sensemaking about the math content: 

● Elicitation refers to the practice of surfacing specific students’ mathematical ideas, and can 
involve prompting a student to explain their strategies or other ways of “getting student thinking 
on the table” (Shaughnessy & Boerst, 2018). 

● Use of student thinking in mathematics refers to the teacher keeping a student’s idea in play as 
an object of discourse and includes the teacher or another student revoicing, emphasizing, 
restating, and probing a student’s idea or solution process (Herbel-Eisenmann et al., 2013; 
Jacobs & Empson, 2016; Lampert, 2001; O’Connor & Michaels, 1996). 

● Affirming student thinking includes teacher praise and “affirmation of something a student did 
well” (Brophy, 1981; Sun & Ruef, 2023). 

● Finally, supporting student sensemaking refers to instructional moves in mathematics that create 
opportunities for students to have ownership over and make sense of the content, for example, by 
engaging students in a think-pair-share. 
As evidenced by the variety of instructional moves involved in responding to and assessing 

student thinking in-the-moment, ambitious math teaching is inherently complex. It opens the door to the 
impossibly vast realm of student ideas and ways of thinking about mathematics, introducing greater 
possibilities for instructional content and consequently a greater degree of uncertainty. Greater attention 
to student thinking is necessitated, as teachers must attend to both the content standards and student-
generated inputs; teachers must be accountable to students’ sometimes unconventional intellectual 
contributions as well as to the established standards of the discipline (Lampert, 1990). On one hand, 
surfacing the array of potential student ideas in the math classroom can create new opportunities to 
reveal student thinking that would otherwise go unacknowledged, making learning experiences more 
equitable. On the other hand, contributions from minoritized learners may be undervalued in the 
interactional space of the math classroom, thereby reproducing racial hierarchies (Gutiérrez, 2013; 
Martin, 2009; Nasir et al., 2008). 
THE PRESENT STUDY 

Findings from the literature on racial-ethnic biases both in general and in the domain of 
mathematics have consistently demonstrated lower expectations and perceptions of student ability for 
minoritized students of color, work we replicate here and extend in four important ways. First, we aim to 
replicate prior findings regarding teacher expectations and judgments about student ability. Second, we 
examine how teachers' expectations of task difficulty—their anticipation about how hard a task will be for 
students—might differ when they are cued to think about students of different races or ethnicities. Prior 
work has shown biases in teachers’ curricular selection in the mathematics classroom (Pollard, 2022), 
and because such task selection is informed by expectations for subsequent student learning, we extend 
this work by investigating biases in teacher expectations of task difficulty for the student in the context of 
discursive instructional space. Third, we extend prior studies about biases in instruction to the domain of 
responsive math teaching, a domain that requires significant teacher decision-making and discretion and 
thus opens the potential for bias (Ball, 2018). Fourth, because we focus on ambitious instruction, we also 
feature non-standard, innovative student solution methods, thus extending existing studies of teacher bias 
beyond correct and partially correct student work. We do this work using a pre-registered experimental 
design, strengthening the study’s internal validity, and via scenarios representing typical K-8 mathematics 
classrooms that elicit teachers’ verbal, in-the-moment responses, which contributes an authentic 
depiction of classroom life and teacher decision-making (Herbst et al, 2011; Charalambous, 2020).  

METHODS 
 We measured teacher judgments about the quality of students’ mathematical thinking, teacher 
expectation of task difficulty, and teacher responsiveness to student solutions in the context of six 
animated teaching simulations (Herbst et al., 2011; Charalambous, 2020), here called vignettes, and 
operationalized student race-ethnicity using visual cues and names to understand how teachers’ 
responses to and thinking about student work in the vignettes might systematically vary. We describe our 
methods in more detail here.  
SAMPLE 
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We recruited participants using a Qualtrics teacher panel in the U.S. from June through August of 
2022. Our screening criteria selected for K-8 teachers who had taught mathematics within the last 3 
years. Qualtrics returned a data set of 315 teachers, from which we omitted three teachers who failed to 
authentically engage in the survey (e.g. had blank, incomplete, or irrelevant responses). There were 19 
teachers who indicated they currently taught high school that we retained in our sample. Our survey 
included attention checks throughout, with over 99% of teachers passing at least one. Because an 
inspection of responses revealed that individuals who failed an attention check did offer appropriate and 
relevant verbal responses to the vignettes, we did not remove their responses. Our final sample of N=312 
teachers is shown in Table 1. In line with the teacher population in the U.S., the majority of our sample 
identified as White women. Our sample, however, is weighted toward more experienced educators than is 
typical in the U.S. (National Center for Education Statistics, 2023).  
Table 1. Sample Characteristics for Full Sample and Across Conditions 

 
Full Sample 

N=312 
Black Condition 

n=109 

White 
Condition 

n=106 

Latinx/e 
Condition 

n=97 

Pearson Chi-square and 
ANOVA 

 N (%) n(%) n(%) n(%)  

Gender      

Woman 272 (87) 95 (87) 88 (83) 89 (92) 𝜒2(2) = 3.46, p = 0.18 

Man 39 (13) 14 (13) 18 (17) 7 (7) 𝜒2(2) = 4.43, p = 0.11 

Nonbinary 1 (<1) 0 (0) 0 (0) 1 (1) 𝜒2(2) = 2.22, p = 0.31 

Teaching 
experience 

    𝜒2(12) = 10.5, p = 0.57 

<1 year 3 (1) 1 (1) 2 (2) 0 (0)  

1-2 years 18 (6) 7 (6) 5 (5) 6 (6)  

3-5 years 34 (11) 14 (13) 6 (6) 14 (14)  

6-10 years 66 (21) 25 (23) 22 (21) 19 (20)  

11-15 years 46 (15) 18 (17) 18 (17) 10 (10)  

16-20 years 41 (13) 13 (12) 13 (12) 15 (15)  

20+ years 105 (34) 31 (28) 40 (38) 33 (34)  

Lowest Grade 
taught 

    𝜒2(6) = 4.1, p = 0.66 

PreK-2 82 (26) 24 (22) 34 (32) 24 (25)  

3-5 139 (45) 51 (47) 45 (42) 43 (44)  

6-8 72 (23) 28 (26) 22 (21) 22 (23)  

9-12 19 (6) 6 (6) 5 (5) 8 (8)  

Teacher race-
ethnicity 

     

Black  22 (7) 3 (3) 14 (13) 5 (5) 𝜒2(2) = 9.74, p = 0.01 

Latinx/e 16 (5) 7 (6) 4 (4) 5 (5) 𝜒2(2) = 0.78, p = 0.69 

Native Am. 3 (1) 0 (0) 1 (1) 2 (2) 𝜒2(2) = 2.29, p = 0.21 

AAPI 11 (4) 2 (2) 5 (5) 4 (4) 
𝜒2(2) = 1.46, p = 0.51 

 

White 239 (77) 88 (81) 73 (69) 78 (80) 𝜒2(2) = 5.36, p = 0.07 

Multiracial 21 (7) 9 (8) 9 (8) 3 (3) 𝜒2(2) = 2.97, p = 0.20 

School 
Demographics 

mean     

Urbanicity 0.29 0.31 0.30 0.27 𝜒2(2) = 2.43, p = 0.30 

Percent White 0.55 0.55 0.53 0.57 𝜒2(2) = 2.66, p = 0.26 

SES average 0.28 0.32 0.20 0.34 𝜒2(2) = 4.83, p = 0.09 
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Avg. Math Ach 0.03 0.02 -0.005 0.06 𝜒2(2) = 3.21, p = 0.20 

      

Note: Column percentages are shown in parentheses. Means are provided for school demographic 
variables. A Fisher’s exact test was used for categorical variables with few frequencies in cells, and 
Bartlett's equal-variances test was used for continuous variables. 

STUDY DESIGN 
We employed a three-factorial, between-subjects design in which participants were randomly 

assigned to view vignettes from a hypothetical elementary classroom composed of predominantly Black, 
Latinx/e, or White students. We composed vignettes of between 5 to 11 slides or frames, and were 
identical save for the race-ethnicity of the students. Each vignette showed study participants an 
elementary math problem introduced by a ‘teacher;’ student work time on the problem; and a “target” 
student solution to the problem which provided either their answer, their thinking, or both. All target 
student responses could be interpreted as correct, several featured relatively sophisticated student 
mathematical reasoning, but as the relevant target student utterances in Table 2 show, all responses 
invited further probing or discussion of the student’s thinking. The final frame of the vignette asked study 
participants to verbalize what they would say to the class next into their device’s microphone, and then to 
verbalize the instructional step they would take after that initial comment. 
Table 2. Item Descriptions and Target Student Responses in the Six Vignettes 

Item Mathematical problem 
or prompt 

Instructional scenario Relevant target student utterances 

1 Represent 2/3 on a 
number line 

Students work independently. 
Teacher brings class together and 
asks two students to share their 
answers. 

S1: First I divided the part of the number 
line between 0 and 1 into 3 equal 
segments. Then, I shaded two of them. 
So ⅔ is right here. 
 S2: I did the same thing. I just shaded 
in two different segments. (Shows 
shading starting at ⅓ and ending at 1). 

2 T has 14 papers. J has 
9 papers. How many 
fewer papers does J 
have than T? 

Students work independently.  
Teacher asks a student to share 
thinking. Student replies using 
“counting up” method.  

S: I used my fingers and counted up 
from 9 to 14. That’s 10, 11, 12, 13, 14. 
That’s 5 counts, so J has 5 papers fewer 
than T. 

3 What fraction of the 
rectangle is shaded? 
(Rectangle shows ⅖ 

shaded) 

Students think independently and 
then turn and talk about problem. 
Teacher elicits a response from a 
student. Student replies with a 
numeric answer and a solution. 

S: Two fifths. There are five parts and 
two of them are shaded. 

4 12 x 5 = Teacher elicits student response. 
Student replies with a non-standard 
method. 

S: I did it in my head. First I multiplied 5 
times 10 and got 50. Then I multiplied 5 
times 2 and got 10. Then I added 50 
and 10 and got 60. 

5 19 + 6 = Teacher asks for a student to come 
to the board to solve problem. 
Student volunteers and solves the 
problem using a non-standard 
method. 

S: I took away a one from the 6 and 
added it to the 19. Then it was easy, 5 
plus 20 is 25. 

6 How many tens does 
743 have? 

Teacher first asks how many ones 
743 has. Student answers 3, and 

S1: I think it has four tens. 
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teacher affirms answer as correct. 
Teacher then asks how many tens 
743 has. Teacher calls on two 
students.  

S2: I think it has seventy-four tens. 

 
To operationalize race-ethnicity, four of the six students present in each vignette signaled either 

Latinx/e, Black, or White students in terms of physical attributes like skin tone and hair features. Further, 
the student speaking had a name commonly associated with that particular group to further signal their 
racial-ethnic identity. As is typical for U.S. classrooms, the teacher in all vignettes was White (National 
Center for Education Statistics, 2023). See Figure 1 for the last frame of a vignette across the three 
conditions.  

Teachers were told that the purpose of the study was to pilot the vignettes as an instrument to 
capture teachers’ responses to classroom situations (see Authors, 2024, under review). Randomly 
assigning teachers to experience vignettes in only one condition (a between- rather than within- subject 
design) diminished the potential for social desirability bias (Hofmann et al., 2005). Overall, 87% of 
teachers correctly noted the race of the student speaking in our manipulation checks—86% in the Black 
condition, 82% in the Latinx/e condition, and 92% in the White condition. We found that emergent 
evidence to suggest teachers in the White classroom condition may have been more likely to correctly 
notice and report the race of students in the vignettes (𝜒2=4.65, p=0.10).  

We acknowledge that student identities are complex and intersectional, and that race and 
ethnicity cannot be fully disentangled. While the categories we use are certainly not necessarily mutually 
exclusive in the real world, e.g. in the case of Afro-Latinx students, our purpose was to attempt to make 
the student’s racial-ethnic identity salient in order to measure teacher biases. We accept this trade-off 
between the study’s simplification of student race-ethnicity and the benefit of an experimental design.  
Figure 1Three experimental conditions as seen in last frame of vignette 4 

Black: Martin Luther King Jr. 
Elementary School 

White: Eugene O'Neill 
Elementary School 

Latinx/e: Sonya Sotomayor 
Elementary School 

   

Note: The teacher utterance preceding the student response in this hypothetical teaching scenario was: 
“Let’s look at the next one. Who can solve 12 x 5?” 
 
PROCEDURE 

Vignettes were presented to teachers via the survey software Qualtrics. We fixed the first vignette 
to randomize teachers into their condition, and the subsequent five were presented in random order to 
avoid potential order effects. We note that by chance, Black teachers were over-represented in the White 
condition (𝜒2(2) = 9.74, p = 0.01), and White teachers were slightly over-represented in the Black 

condition (𝜒2(2) = 5.36, p = 0.07). After respondents viewed the frames depicting the sequence of 

instruction in each vignette, the final frame demonstrated the target student response(s) and directed 
participants to “Speak what you would say next to the class” as if they were the hypothetical teacher 
(Question 1, Q1). Next, they were asked a second question: “After saying this to the class, what would 
you do next?” (Question 2, Q2). We captured teacher responses using an embedded voice transcription 
software, Phonic. 

After recording their responses to the open-ended Q1 and Q2 questions, teachers responded to 
closed-ended Likert-type items pertaining to each vignette using a 1 (low) - 5 (high) scale. The survey 
concluded with questions limited to teacher background. In addition to attention checks, we included 
manipulation checks throughout the survey to determine whether respondents noticed the race/ethnicity 
of the students in the vignettes.  
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MEASURES 
See Table 3 for a summary of the prompts and nature of data for all pre-registered measures. We 
include, for completeness, our measure of eliciting student thinking, which we were unable to analyze 
because of poor fit between the items and construct.  
Table 3. Constructs Measured and Prompts in the Survey 

Construct Survey Prompts 

Teacher Judgments About the 
Quality of Students’ 
Mathematical Thinking (Likert, 
1-5 scale) 
 

How mathematically sophisticated is [student]'s response? 
How likely is it that [student] has a solid conceptual understanding of 
[problem type]? 
[Student]'s response indicates they are on track toward mastering 
[problem type]. 
[Student]'s thinking is mathematically sound. 
The teacher should encourage [student] to solve similar problems in 
the same way. 
The teacher should encourage the class to solve similar problems in 
the same way. 
 

Task Difficulty (1-5 scale) How difficult would this problem be for the typical 4th grader in the 
U.S.? 
 

Eliciting Student Thinking Q1: Speak what you would say next to the class. 
Using Student Thinking Q1: Speak what you would say next to the class. 
Teacher Affirmation Q1: Speak what you would say next to the class. 
Supporting Student Sense-
Making 

Q2: After saying this to the class, what would you do next? 

 
Teacher Expectations and Judgments About Students’ Math Abilities 

Teacher Judgments about the Quality of Student Mathematical Thinking. We measured teacher 
judgments about the quality of the student’s mathematical thinking via six Likert-type items (1-5 scale) per 
vignette where the teacher rated the responses’ sophistication, the student’s likely level of understanding, 
their content mastery, the soundness of their thinking, and the extent to which the teacher would 
encourage the student and class to use the approach described by the target student (an endorsement of 
the student’s strategy). This measure had acceptable internal reliability (α=0.90) across the 36 items. We 
constructed and used scores output by a nested measurement model, with the six ratings under each 
vignette, and a confirmatory factor analysis revealed adequate fit (𝜒2(580) = 1224.49, p<0.00 CFI = 0.93 

TLI = 0.92 RMSEA = 0.06 SRMR = 0.07; Hu & Bentler, 1999).  
Teacher Expectations of Task Difficulty for the Student. We measured teacher expectations for 

task difficulty with one item per vignette intended to capture how difficult they expected the math problem 
to be for “the typical fourth grader.” Teachers responded on a 5-point Likert scale, with 1 meaning not 
difficult at all and 5 being very difficult. Teachers’ reported ratings of difficulty were cohesive across the 
six vignettes (α= 0.77), and a confirmatory factor analysis revealed adequate fit (𝜒2(6) =7.32, p = 0.29, 

CFI=1.00, TLI=1.00, RMSEA = 0.03, SRMR = 0.03; Hu & Bentler, 1999).  
Teacher Responsiveness to Student Thinking 
 Before analysis, all open-ended responses were transcribed and reviewed against their original 
audio by human raters; the ASR transcriptions were 95% accurate at the word level and the meaning of 
most inaccurate words could be inferred. Members of the project team developed an initial set of low-
inference codes for the teacher responsiveness measures and completed preliminary coding on pilot data 
to achieve 80% inter-rater agreement or better, refining these codes to improve clarity. In rare cases, we 
coded responses as N/A when there was no teacher utterance or it was not responsive to the prompt. 
Once codes were finalized, the lead team recruited and trained raters using master scores from the pilot 
data. Raters specialized in a particular code and double-scored responses within each vignette until an 
average 80% inter-rater agreement rate or better was achieved. The first author held weekly norming 
sessions for the rating team to discuss and resolve discrepancies. Raters went on to single score 
responses, and a member of the project team double-scored 20% of those scores to assess rater drift 
and accuracy. The project team resolved any disagreements that occurred during this process. The 
Appendix provides codes for all teacher responsiveness measures. 
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Eliciting Student Thinking (EST). We coded teacher responses to Q1 for the extent to which 
teachers elicited target student ideas, assigning a zero for each vignette when there was no elicitation, a 
one for minimal, and a two for strong elicitation of student thinking. The inter-rater agreement rate was 
0.90 for EST; however, while a factor analysis indicated a distinct factor for these items (see Table 4), the 
six vignettes together exhibited poor score reliability, with α=0.34 over the six items. We thus excluded 
this construct from further analysis.  

Using Student Thinking (UST). We coded teacher responses to Q1 for the extent to which 
teachers used student thinking in their subsequent utterance, assigning a code of zero when the teacher 
responded in a pro forma way (e.g. “Great work”); a one when they used some aspect of student thinking, 
such as brief restatement; and a two when there was strong use of student thinking, such as the teacher 
weaving the student idea into the development of the mathematics. The interrater agreement for UST was 
0.78, and we estimated α=0.73 over the six items, demonstrating adequate internal consistency. 

Supporting Student Sensemaking (SSS). We coded teacher responses to Q2 for supporting 
student sense-making, assigning a code of zero when there was no support for student sensemaking in 
the next planned instructional step (e.g. “I would move on to a new, similar problem”), and a one when the 
teacher centered student sense-making (e.g. “I would ask who agrees with the answer and to explain why 
or why not”). The interrater agreement rate for SSS was 0.84, and we estimated α=0.73 over the six 
items, demonstrating adequate internal consistency. 

After scoring for the three constructs above, we conducted exploratory factor analysis that 
permitted these scores to load onto all three hypothesized latent factors in an unrestricted measurement 
model. This analysis revealed the strongest standardized factor loadings generally corresponded with 
their respective hypothesized factors. We fit an adequate unrestrained 3-factor model, 𝜒2(102) = 

142.21**; RMSEA = 0.04; CFI = 0.95; TLI = 0.93; SRMR = 0.12; WRMR = 0.75, which suggests a distinct 
factor solution for each respective construct.  

Teacher Affirmation (TA). We coded Q1 responses for teacher affirmation, assigning a code of 
zero when there was no affirmation (e.g. “Who agrees?”), a one for a general affirmation (e.g. “Excellent 
job on that problem”), and a two for specific affirmation (e.g. “Great work explaining there are ten tens 
hidden in each hundred”). Rater agreement was 0.95 for teacher affirmation (TA). We conducted a 
separate factor analysis for this affective construct. For the six vignette scores for teacher affirmation in 
Q1 (responding to the target student directly), we fit an adequate measurement model (𝜒2(9) =16.00, 

p=0.07, RMSEA=0.05, CFI= 0.99, TLI=0.98, SRMR=0.04, WRMR=0.59). Teachers’ coded responses for 
TA were also cohesive (α= 0.77). These findings support a distinct factor solution for teacher affirmation.  

For all coded measures of teacher responsiveness that were adequately internally consistent—
UST, SSS, and TA— we estimated scores for each teacher using 2-parameter logistic (2PL) models 
using Item Response Theory’s (IRT) Graded Response Model (GRM) for polytomous data (Samejima, 
1969).  
Other Measures 

Teacher background. We use an ordinal variable to measure teaching experience: less than 1 
year (0), 1-2 years (1), 3-5 years (2), 6-10 years (3), 11-15 years (4), 16-20 years (5), and >20 years (6). 
For grade level, we also use an ordinal variable: Pre-K to grade 2 (0), mid-elementary or grades 3-5 (1), 
middle school or grades 6-8 (2), and high school or grades 9-12 (3). For respondents who indicated 
multiple grade levels, we used their lowest level taught to obtain a conservative proxy for level of teacher 
mathematical curricular knowledge. Teacher gender was measured as woman, man, or non-binary. 
Finally, we used dummy variables to represent the following self-reported teacher identities: Black, 
Latinx/e, White, Asian American or Pacific Islander, Native American, or multiracial. Due to small sample 
sizes for some of these identities, we cannot conduct interaction analyses between condition and teacher 
race; these small sample sizes and a lack of theory also prevent us from interpreting teacher race in the 
results below.  

Teaching context covariates. Some have argued that racial biases in teacher beliefs and 
behaviors may simply reflect their experiences with racial disparities in student achievement (Jussim & 
Harber, 2005; Jussim et al., 1996). Teacher expectations are informed by prior student achievement, 
socioeconomic status, gender, student diagnostic labeling, and student race-ethnicity (Peterson et al., 
2016). As such, we asked teachers for their school zip code and cross-referenced that with the Stanford 
Education Data Archive (SEDA) to obtain the following covariates: school urbanicity as measured by the 
proportion of students in city or urban locale schools, the percentage of White students in the locale, a 
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composite score describing the metro locale’s socioeconomic status, and finally a cohort scale mean of 
the math achievement in the metro area (Fahle et al., 2021).  
ANALYSIS 

Due to the experimental nature of the study, we preregistered on OSF. We investigated the 
potential for bias in teachers’ scores on the above dimensions by fitting a series of multiple regression 
models with student race-ethnicity entered as a fixed effect, with the reference group being the White 
classroom condition. We used structural equation modeling (SEM) with maximum likelihood and 
diagonally weighted least squares estimation to model the impact of condition on teacher judgments 
about student mathematical thinking and expectation of math task difficulty, as this technique allowed us 
to account for measurement error in the construction of our latent variables (Kline, 2016). We modeled 
the impact of condition on our responsiveness measures by using multiple regressions, improving the 
precision of our estimates by including the demographic and covariates variables described earlier in both 
the SEM and multiple regression models (Equation 1). 
Equation 1 Yj = B0j + B1Blackj + B2Latinxj + B3Xj  + errorj 

Where j=participant, X represents the set of covariates described above, and error describes a random 
error variance term. B1 and B2 are the coefficients measuring the main effects of bias. A retrospective 
power analysis revealed we were between a power estimate of 0.17-0.49 to find the effects we found, 
which we take as substantively meaningful differences in teacher responses to students. Descriptive 
analyses and regressions were completed using Stata version 17.0, and factor analysis was completed 
using RStudio version 2023.12.1+402 with the lavaan package for robust model fit indicators to 
accommodate polytomous response data.  

RESULTS 
TEACHER EXPECTATIONS AND JUDGMENTS ABOUT STUDENT MATH ABILITIES 

We did not find significant differences by condition in teacher judgments about the quality of 
students’ mathematical thinking (see Table 4). For teacher expectations, our findings show respondents 
expected greater task difficulty for the typical U.S. student on average when assigned to the Black (β = 
0.11, p<.05) and Latinx/e (β = 0.14, p<.05) conditions, 𝜒2(76)= 64.47, p=0.82, CFI=1.00, TLI=1.00, 

RMSEA=0.00, SRMR = 0.020. Our findings also showed that teachers working with higher grade levels 
on average expected greater task difficulty for students (β = 0.14, p<.001). We also found that women (β 
= -0.12, p<.10), those with more teaching experience (β = -0.05, p<.01), and those teaching in contexts 
with higher aggregate math achievement (β = 0.20, p<.10) expected lower task difficulty for students, on 
average. 
TEACHER RESPONSIVENESS TO STUDENT MATHEMATICAL EXPLANATIONS 
 We did not observe significant differences by condition in teacher use of student thinking. Those 
with more years of teaching experience were more likely to use student thinking (β = 0.07, p<.05), and 
Black (β = -0.36, p<.10) and Native American educators (β = -1.37, p<.01) were somewhat less likely to 
use student thinking, but we interpret these coefficients with caution as our sample was insufficiently 
powered for analyses of teacher racial-ethnic subgroups. When articulating their next instructional steps, 
we find marginally significant evidence to suggest teachers were more likely to support student 
sensemaking for Black students relative to White students (β = 0.20, p<.10). Women were also more 
likely to support student sensemaking compared to men and nonbinary educators (β = 0.31, p<.05). We 
also find emergent evidence suggesting teachers provide a greater degree of substantive affirmations to 
Black students relative to White students for the same mathematical solutions (β = 0.22, p=.10).  
Table 4. Results from SEM and Multiple Regression Models  
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***p < .001, **p<0.01, *p<0.05, †<0.10 
Note: Coefficients are shown with standard errors in parentheses. N=312 for all unconditional models and 
N=307 for all conditional models due to five observations missing SEDA covariates. For our two scale 
measures (judgments and expectations), we interpret coefficients on a 1-5 scale. For our coded 
responses (UST, SSS, and TA), we interpret coefficients as the estimated difference in teacher levels of 
each standardized latent construct, 𝜃, for a one-unit difference in the predictor. 

 
DISCUSSION   

 Judgments About 
the Quality of 

Student Thinking 

Expectation of 
Task Difficulty  

Use of Student 
Thinking (UST) 

Supporting Student 
Sensemaking 

(SSS) 
Affirmation (TA) 

Black 
Classroom 

0.07 
(0.18) 

0.09 
(0.19) 

0.16** 

(0.05) 
0.11* 
(0.06) 

0.17 
(0.12) 

0.13 
(0.12) 

0.24* 
(0.11) 

0.20† 
(0.12) 

0.26* 
(0.12) 

0.21†  
(0.13) 

Latinx/e 
Classroom  

0.07 
(0.18) 

0.07 
(0.19) 

0.13* 
(0.05) 

0.14* 
(0.06) 

0.12 
(0.12) 

0.12 
(0.12) 

0.23† 
(0.12) 

0.17 
(0.12) 

0.01 
(0.12) 

-0.03 
(0.13) 

Woman  0.18 
(0.23) 

 -0.12† 
(0.07) 

 -0.04 
(0.15) 

 0.31* 
(0.14) 

 0.02 
(0.15) 

Years 
Teaching 

 0.00 
(0.05) 

 -0.05** 
(0.01) 

 0.07* 
(0.03) 

 0.05 
(0.03) 

 -0.02 
(0.03) 

Grade level  -0.04 
(0.09) 

 0.14*** 
(0.03) 

 -0.04 
(0.06) 

 0.01 
(0.06) 

 0.05 
(0.06) 

Black Teacher  0.20 
(0.31) 

 0.13 
(0.09) 

 -0.36† 
(0.20) 

 -0.35† 
(0.19) 

 -0.30 
(0.21) 

Latinx/e 
Teacher 

 -0.01 
(0.35) 

 0.00 
(0.11) 

 0.26 
(0.23) 

 0.38† 
(0.22) 

 0.11 
(0.24) 

AAPI Teacher  -0.30 
(0.47) 

 -0.20 
(0.13) 

 0.15 
(0.27) 

 0.51† 
(0.27) 

 0.00 
(0.29) 

Native Am. 
Teacher 

 0.57 
(0.77) 

 -0.12 
(0.29) 

 -1.37** 
(0.50) 

 -0.58 
(0.48) 

 -0.24 
(0.53) 

Multiracial 
Teacher 

 -0.07 
(0.31) 

 -0.07 
(0.09) 

 -0.04 
(0.20) 

 -0.22 
(0.20) 

 -0.21 
(0.21) 

Urbanicity  0.49 
(0.45) 

 -0.16 
(0.14) 

 0.14 
(0.29) 

 -0.10 
(0.28) 

 0.09 
(0.31) 

% White 
students 

 -0.29 
(0.47) 

 -0.03 
(0.13) 

 0.02 
(0.30) 

 0.24 
(0.29) 

 -0.15 
(0.32) 

Metro Area 
SES 

 0.07 
(0.18) 

 0.04 
(0.05) 

 0.03 
(0.11) 

 0.10 
(0.11) 

 0.02 
(0.12) 

Math 
Achievement 

 0.20 
(0.44) 

 -0.37** 
(0.13) 

 -0.11 
(0.29) 

 -0.30 
(0.28) 

 -0.08 
(0.30) 

   
 

  
 

   
 

R2 = 
0.01 

R2 = 
0.07 

R2 = 
0.02 

R2 =  
0.09 

R2 = 
0.02 

R2 = 
0.04 
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In this study, we replicate and extend the literature about biases in teacher expectations to show 
that teachers’ expectations of math task difficulty for the typical student, but not their judgments about the 
quality of students’ mathematical thinking, may be biased against minoritized students of color. We further 
expand the evidence base on biases in education to include verbal teacher responsiveness to correct and 
sometimes non-standard student solutions, finding study participants were more likely to affirm and 
support the sense-making of target students in the Black condition. We situate each of our findings in the 
existing literature below, then consider implications for research and practice. 

Prior studies have demonstrated biases in teacher judgments about students’ math capabilities 
when reviewing partially correct solutions, with math ability ratings for Black and Latinx/e girls being the 
lowest compared to boys and White students (Copur-Gencturk et al., 2019). However, we did not find 
significant differences by condition in teachers' judgments about the quality of students’ mathematical 
thinking. One reason might be that even though some of our vignettes featured non-standard methods, all 
contained only correct student work, with some of those solutions demonstrating substantial mathematical 
reasoning. These findings suggest that stereotype-disconfirming information, such as correct and even 
sophisticated mathematical solutions, may diminish the potential for biases to emerge (Fiske & Neuburg, 
1990; Pendry & Macrae, 1994).  

Next, our findings show teachers considered math tasks more difficult for the typical student when 
presented with ‘classrooms’ primarily composed of Black and Latinx/e students as opposed to White 
students. Because teacher expectations relate to curricular choices (Aydin & Ok, 2022), this finding may 
be consequential for the curriculum students receive. For instance, expectations about task difficulty may 
underlie the biases against Black students in teachers’ curricular selection in mathematics found in 
Pollard (2022). As our findings showed teachers expect greater difficulty for Black and Latinx/e learners 
based on the same mathematical content, our study raises questions about how teachers attribute those 
difficulties and what kinds of instructional experiences follow, with important implications for racial equity 
in education. 

This study also extends prior findings on biases in instruction to the domain of ambitious math 
teaching. Our findings suggest teachers may be more likely to support student sensemaking in their next 
instructional steps for Black students relative to White students. In similar work, Pollard (2022) also 
showed that teachers were more likely to select student-centered instructional approaches for Black 
students compared to White students. That teachers prioritized student-centered instructional approaches 
in the Black condition may run counter to hypotheses about racial biases, suggesting teachers may be 
taking more asset-based views of Black students. Teachers’ demonstration of student-centered 
approaches for Black learners might also reflect an orientation towards culturally responsive and 
interactive teaching approaches for these students. Given the pronounced mathematics instructional 
reforms of the past two decades emphasizing student-centered approaches, particularly in urban districts 
serving BIPOC students (Anderson, 2014), it could be the case that teachers may be supporting Black 
students’ math learning in unique ways. 

Conversely, social desirability may shape teachers’ responses. So might teacher attendance at 
anti-bias professional development, which started taking place more frequently in the wake of George 
Floyd’s murder by police officers in May 2020, about 18 months before this study launched. Examining 
whether teachers’ responses to our survey translate into classroom instruction would help ascertain the 
extent to which pro-Black biases in supporting student sense-making occurs in practice, and whether they 
carry any unintended instructional consequences for students.  

When examining teacher responsiveness to students’ mathematical thinking, we find emergent 
evidence to suggest teachers may provide more positive and substantive affirmations for Black students 
relative to White students for the same mathematical content. These findings extend prior research by 
Harber et al. (2012) and Kleen & Glock (2018)—which found teachers demonstrate positive feedback 
bias toward Black, Latinx/e, and ethnic minority students—to the domain of ambitious math teaching. 
These findings align with the shifting standards theory, which states that stereotypes about social groups 
inform standards for evaluating members of that group, and those standards shift and differ across 
groups (Biernat et al., 1991; Biernat, 1995). Thus, this finding may result from teachers showing a positive 
bias for minoritized students who excel academically. In similar work, Kleen & Glock (2018) found 
teachers judged high-performing ethnic minority students more favorably than high-performing ethnic 
majority students.  

Fiske & Neuburg’s (1990) dual-process theory for arriving at social judgments may help to 
interpret our seemingly contradictory findings. As our intervention presented teachers in all conditions 
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with a student’s proficient mathematical thinking and primed them to respond, teachers may have been 
confronted with information that contradicted activated stereotypes about learners. Our results showed 
teachers expected a greater degree of difficulty for students of color, yet they evaluated the quality of and 
used students’ mathematical thinking comparably across conditions. Here, teacher perceptions about 
student proficiency may have contradicted any stereotypes, mitigating the potential for bias. When 
presented with information about a person that contradicts a stereotype, an information-integrating 
strategy is employed whereby individual attributes are processed in an effortful, conscious manner to 
arrive at a judgment (Fiske & Neuburg, 1990). Such effortful and controlled processing may have worked 
to counteract perceived stereotypes (Pendry & Macrae, 1994), resulting in relatively equitable evaluations 
for and use of student thinking across groups. 

LIMITATIONS 
We reflect on several limitations to the present study. To start, we may have inadvertently 

intervened on what we intended to measure: it could be the case that we did not observe biases in some 
domains of responsive math instruction because we prompted all teachers in our study to respond to the 
student’s mathematical thinking. An understanding of teachers’ responses in the classroom also includes 
not responding (Kang, 2022). It remains to be observed whether educators would have chosen to 
respond to the student’s mathematical ideas had they not been universally prompted to do so. Prompting 
teachers to take up student thinking could have played a leveling role in student opportunities to learn. 

Another limitation concerns the racial make-up of our sample and not having enough power to 
enable an examination of interaction effects between teacher and student race-ethnicity. Our sample 
consisted primarily of White educators, and White teachers may demonstrate social desirability bias in 
efforts to maintain a positive self-image and not appear biased or racist (Crosby & Monin 2007; Plant & 
Devine, 1998). Moreover, there is ample literature on the positive effects of racial-ethnic congruence or 
“match” between teachers and students (Gershenson et al., 2016; Redding, 2019). Future work 
investigating racial biases in ambitious math instruction should include a racially diverse sample of 
teachers and attend to the phenomenon of racial-ethnic match between teacher and student. 
 A final limitation stems from the study’s design, which precluded us from two important lines of 
inquiry. First, due to sample size limitations, we could not take an intersectional approach that examines 
interactions between student gender and race-ethnicity. The second limitation from the study design 
concerns the content of the vignettes. All student answers and solutions featured in the vignettes 
presented were mathematically correct, with some even demonstrating students reasoning through non-
standard problem-solving strategies. This context may have made it clear to teachers that students 
across groups were equally proficient in the particular mathematics topics represented in the vignettes. 
This is further supported by the fact that we did not detect any differences in teachers’ use and judgments 
about the quality of student thinking. Such correct solutions may have provided stereotype-disconfirming 
evidence to teachers, reducing the potential influence of racial biases. Student demonstration of 
mathematical proficiency is consequential for the instructional character of a classroom. Indeed, prior 
research has shown teachers to employ ambitious teaching practices in math less frequently the more 
students they had performing below grade level (Gottfried et al., 2023). Future work in this area should 
examine the role of student math proficiency in teachers’ racial-ethnic biases in this domain.  

CONCLUSIONS 
Youth in U.S. schools are more racially and ethnically diverse than they have ever been and are 

projected to be majority-minority by 2050 (Rivas-Drake & Umaña-Taylor, 2019), meanwhile the teaching 
profession remains predominantly White (National Center for Education Statistics, 2023). Such 
demographic change is not inconsequential, as White educators in the U.S. have been found to carry 
negative stereotypes and social distance from minoritized groups (Quinn & Stewart, 2019), and U.S. 
counties with higher aggregate teacher racial bias tend to show greater achievement disparities between 
Black and White students (Chin et al., 2020). Ambitious math teaching is characteristic of effective 
learning environments for children, so much so that there have been concerted efforts to rehaul 
mathematics instruction in this way, particularly in urban schools serving Black and Latinx/e communities 
(Anderson, 2014). Our findings indicate the wide scale implementation of math instructional reforms 
absent a consideration of race could undermine goals for equitable and just math teaching. Knowledge 
about the specific instructional sub-domains and circumstances subject to biases better equips teacher 
educators and practitioners to intervene on them, for example, through practice-in-context (Mancenido et 
al., 2025) and coaching (Cohen et al., 2024) to develop pre-service teacher capacity to deliver equitable 
mathematics learning experiences. The findings from this study have implications for pre-service teacher 
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education and professional development to support educator capacity for delivering rigorous, equitable, 
and just math learning experiences across differences and diverse student groups. 
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APPENDIX 
Coding Scheme for Teacher Responsiveness Measures  

Eliciting Student Thinking (EST) 

N/A 0 - No eliciting of student thinking. 1 - Some elicitation of student 
thinking 
 

2 - Strong elicitation of student 
thinking 

No teacher utterance or teacher 
utterance is not responsive to 
prompt. 

Teacher makes a statement, 
whether approval or correction. No 
expectation of student response. 
Asks a question to the whole of the 
class / not the initial respondent 
(e.g. “What do others think?; “Did 
anyone else have a different way?”) 

Teacher poses a simple proforma 
clarifying or probing question that 
does not draw specifically on what 
the student has shared (e.g. “How 
did you get that?”; “Can you explain 
to everyone what you mean?”) 

Teacher poses a question to 
clarify or probe a specific idea 
that the student has shared. 

 

Using Student Thinking (UST) 

N/A 0 - No or minimal use of student 
thinking 

1 - Some use of student thinking 2 - Strong use of student 
thinking 

No teacher utterance or teacher 
utterance is not responsive to 
prompt. 

Response is plausible in the given 
situation (e.g. “Ok, nice!”). Teacher 
responds in a pro forma way (e.g., 
acknowledges student response is 
correct or incorrect; thanks or 
praises the student but does not 
respond to their mathematical 
ideas; asks for another student 
answer to the problem; provides 
direct instruction about the problem 
to the class). 

Teacher response goes beyond 
pro forma to feature some use of 
student ideas; focus stays at least 
for a moment on the student(s) but 
it does not rise to strong use (e.g., 
brief restatement of student 
method; brief restatement followed 
by teacher direct instruction; 
asking students to repeat their 
answers; asks class whether 
student is correct). 

Teacher weaves student ideas 
into the development of the 
mathematics (e.g., compares 
student responses; adds 
mathematical emphasis to 
student method or solution; fills 
in mathematical details that 
were missing from student 
response; asks student “why” 
question; asks class “why” 
question based on a student 
method; asks “How do you 
know?”)  
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Supporting Student Sensemaking (SSS) 

N/A 0 - No support of student sensemaking 1 - Support of student sensemaking 

No teacher utterance or teacher 
utterance is not responsive to prompt 

Teacher does not invite student input or activity 
related to the original student statement. The 
teacher instead moves on to direct instruction, 
simple approval, or asks the class to move on to a 
*different problem or task. The nature of student 
input is such that students are asked to answer a 
question for which the teacher already has a clear 
and strict answer in mind.  
 
* Different means the new task is unrelated/ 
unresponsive to where students might be at, e.g. 
“Let’s do another problem, class”) 

Teacher keeps the student idea in play 
somehow and/ or attends to student thinking in 
the classroom. The teacher “has an ear to the 
ground” and seeks student input, ideas, and 
reasoning OR assigns an additional task 
related to the original student idea or related to 
student thinking “on the ground”. The nature of 
student input is such that students are given 
the opportunity to engage in their own sense-
making. E.g. “Who else agrees with this 
answer? Did anyone solve it a different way? 
Turn and talk to your partner about X’s 
answer.”  

 

Teacher Affirmation of Student Math Ideas (TA) 

N/A 0 - No teacher affirmation of student 
ideas/ work 

1 - Generic teacher affirmation of 
student ideas/ work 

2 - Specific teacher affirmation of 
student ideas/ work 

No teacher utterance or 
teacher utterance is not 
responsive to prompt  

Teacher provides no praise. Does 
not position students as competent 
and does not affirm what they did 
that was mathematically productive. 
Teacher does not affirm the student 
work or provide any type of praise. 

Teacher assigns praise to the 
student in the form of positive 
content or tone, but it is non-
specific/ generic (e.g. “Good job!” 
without specifying the 
mathematical idea or specific 
thing a student did). Teacher may 
only address the correctness of 
the answer or student 
engagement, but not the 
mathematical idea.  

Describes the extent to which the 
teacher demonstrates the ability to 
position students as competent with 
affirmations specifying what they did 
that was mathematically productive. 
Teacher actively affirms the specific 
student work (e.g., calling out what 
is correct in the student work, noting 
a strength in student response).  

 
  




