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Abstract
Studies indicate that racial disparities in STEM achievement or equity grade gaps are asso-
ciated with faculty fixed mindset beliefs; however, whether specific instructional beliefs are 
linked to student academic achievement remains unclear. We surveyed 216 STEM faculty 
to assess their mindset and instructional beliefs and linked these to detailed student tran-
script data (n = 31,361). Results reveal that faculty with fixed mindset beliefs also endorsed 
more traditional instructional beliefs regarding assessment, grading, and diversity. Further, 
the endorsement of these beliefs was associated with larger equity grade gaps. Analysis of 
faculty characteristics indicate that male faculty, full professors, and instructors in Physical 
Sciences tended to hold instructional beliefs that are linked to larger equity grade gaps.
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Underrepresented-in-STEM racially minoritized students (including Latina/o/x, African-
American, Southeast Asian, Pacific Islander, and Indigenous peoples, hereafter referred to 
as “minoritized students”) experience lower academic success in STEM college courses 
and report lower sense of belonging in STEM fields relative to White and East/South Asian 
students (hereafter referred to as “represented” students) (McGee, 2018; Rosenzweig et al., 
2021).1 Empirical research describes the overt and subtle forms of discrimination against 
minoritized students in college classrooms (Lee & Mccabe, 2021), such as microaggres-
sions, derogatory statements and invalidations, and fulfilling or contradicting a stereotype, 
all of which contribute to unwelcoming climate (Suárez-Orozco et al., 2015). Unwelcom-
ing educational climate contributes to decreased sense of belonging and negatively impacts 
students’ academic performance (Seymour et  al., 2019). Collectively, these experiences 
contribute to minoritized students leaving STEM programs at a 15–20% higher rate than 
those from represented backgrounds (Riegle-Crumb et al., 2019).

Previous recommendations on how to minimize these disparate outcomes have utilized 
a deficit model to shape educational endeavors that seek to remediate students, commonly 
framed as means to enable the success of underprepared students for the rigors of STEM 
environments (Harper, 2010; Zeidler, 2016). However, recent efforts have shifted to asset-
based frameworks that leverage students’ strengths while reconsidering institutional poli-
cies and practices that have given rise to and perpetuate structures that may impede the 
success of minoritized students (McGee, 2020). These approaches promote student equity 
by shifting the onus of differential student performance away from individual deficiencies 
and assigning solutions to educational approaches that address systemic racism (Theobald 
et al., 2020). Major contributors to these institutional structures are the faculty who shape 
STEM courses, degree programs, and broader university environments (Killpack & Melon, 
2016). Within the classroom, faculty are responsible for the course instructional practices 
and policies that can often serve as barriers to inclusion. Growing evidence demonstrates 
that STEM faculty’s fixed mindset beliefs foster negative classroom experiences and are 
linked to larger racial grade gaps, hereafter termed equity grade gaps, in their courses 
(Canning et  al., 2019, 2021). The theorized link is that faculty mindset beliefs about 
innate talent and intelligence in STEM coursework may cue stereotypes and produce nega-
tive classroom climate which, in turn, may influence underrepresented-in-STEM racially 
minoritized students’ sense of belonging and academic performance.

This study extends prior literature on faculty mindset to examine faculty instructional 
beliefs regarding assessment, grading, and diversity in STEM classrooms. While fixed ver-
sus growth mindset are beliefs that permeate various actions such as willingness to tackle 
challenges and consider improvements, instructional beliefs are specific to the classroom 
setting that have direct consequences on students’ educational opportunities and outcomes. 
Furthermore, faculty beliefs on these instructional practices may influence academic 
achievement and inclusion in STEM classrooms by way of how the course is structured. 
For example, viewing course assessments as a means to accountability instead of learning 
may negatively shape student experiences, particularly for minoritized students (Madaus & 
Clarke, 2001). Further, the use of a tough-love approach to course grading wherein faculty 

1  While the term minoritized could encompass multiple intersecting dimensions of identities and back-
grounds, e.g. gender, race and ethnicity, etc., we use the term “minoritized” to specifically describe the 
underrepresentation of STEM students in college based on ethnicity and race. We recognize that East and 
South Asian students are racially minoritized in other ways that are not generally observable in aggregate 
by representation statistics (Castro & Collins, 2021).
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believe that tough grading will ensure retention of only the “most talented” individuals 
may serve as a gatekeeping function that disproportionately affects minoritized students 
(Barnes, 1997; Barnes et al., 2001). Faculty conceptions of diversity shape and inform fac-
ulty approaches to learning and teaching in the classroom (Gordon et  al., 2010). Recent 
studies has indicated that assignments that focus on topics of diversity within STEM are 
associated with increased student science identity and interest (Schinske et al., 2016). In 
contrast, ignoring diversity or “not seeing color” in the classroom may lead to chilly class-
room climates (Canning et al., 2019; Suárez-Orozco et al., 2015). For these reasons, we 
examine the following research questions:

(1)	 Are there correlations between faculty mindset beliefs and instructional beliefs?
(2)	 To what extent are there differences in instructional beliefs and mindset by department, 

faculty rank, faculty gender, and faculty type?
(3)	 To what extent are certain instructional beliefs associated with larger equity grade gaps?

Below we review literature that suggests potential linkages between observed equity 
grade gaps and faculty beliefs about intelligence, assessment, grading, and diversity.

Prior Literature on Mindset and Instructional Beliefs

Faculty Mindset Beliefs

Faculty who espouse fixed mindset beliefs endorse the idea that intelligence and ability are 
innate qualities that can only be minimally changed or developed (Canning et al., 2019). In 
turn, these beliefs can shape faculty-student interactions in the classroom. For example, a 
student who scores poorly on a single examination may receive unhelpful advising (based 
on lower expectations) from a faculty instructor who believes that student ability is fixed 
(Rattan et  al., 2012). Also, when students perceive that their instructors have concluded 
they are not “cut out” for the rigors of STEM fields (i.e., endorsing fixed mindset), they 
report a lower sense of belonging in the course, lower interest in the subject material, and 
a higher degree of imposter syndrome (LaCosse et al., 2021; Leslie et al., 2015; Muenks 
et al., 2020).

The negative associations between faculty’s fixed mindset and student outcomes are 
likely related to how faculty value and construct aspects of their undergraduate courses. 
The extant empirical literature, although limited, provides some evidence of how faculty 
mindset is related to assessment of student learning, grading beliefs, and whether or not 
topics of diversity are integrated into their curriculum (Archer, 2007; Connell et al., 2016; 
Lund & Stains, 2015; Sawir, 2005). Collectively, we will refer to these concepts as instruc-
tional beliefs. Below we outline how these instructional beliefs may relate to faculty mind-
set and influence undergraduate student experience and outcomes, particularly for students 
from minoritized populations.

Assessment in Higher Education Classrooms

Assessment in higher education serves multiple purposes (Fletcher et al., 2012). From the 
student perspective, assessments can be an opportunity to demonstrate their learning of 
course content or provide feedback on how to improve their study techniques (Carless et al., 
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2007). For faculty, assessments provide insights into teaching effectiveness, provide feedback to 
students about their performance, and can be used as a mechanism to ensure student and institu-
tional standards are maintained (Fletcher et al., 2012). In contrast, some faculty view assessment 
as an impediment to the teaching process, such as interfering with the time available for teaching 
and/or forcing faculty to teach in a way that is against their beliefs (Fletcher et al., 2012). Faculty 
may also believe that assessments are inaccurate and are generally imprecise when it comes to 
measuring learning (Fletcher et al., 2012; Harris & Brown, 2010). Additionally, some STEM 
faculty view assessment as a reason why students violate academic integrity; students face pres-
sure to obtain high grades in STEM courses in order to pursue prestigious careers (Wade-Jaimes, 
2021; Turner et  al., 2022). Hence, faculty may consider traditional assessment practices and 
grades as barriers to more meaningful learning and engagement from students (Turner et al., 
2022). Mindset beliefs, potentially, are also related to assessment practices implemented by 
STEM faculty. For example, faculty who believe in the malleability of their students’ abilities 
to develop knowledge in the subject may be more likely to value assessment practices that have 
been demonstrated to improve student academic and non-academic outcomes (i.e., formative 
assessments) (Connell et al., 2016; Lund & Stains, 2015).

Tough Love Grading Beliefs

Similar to faculty with fixed mindsets, many STEM faculty view strict grading as a means 
to ensure that only students with the innate ability to succeed in the STEM discipline are 
able to earn the highest course grades (Gasiewski et al., 2012). STEM faculty have a well-
established reputation for serving as gatekeepers who regulate student progression through 
the major, which manifests in how grades are assigned (Gandhi-Lee et al., 2017). Grades 
and grading are also viewed by some faculty as a mechanism to motivate their students. 
Providing grades on examinations or assignments enables student insight into how they are 
performing relative to their peers (Barnes, 1997). This study defines tough love grading as 
a combination of gatekeeping and motivational faculty beliefs. Some research has called to 
attention that students do not perceive tough love grading as a motivational tool; but rather 
as one that can instead decrease interest in the course material (Pulfrey et al., 2011), while 
also contributing to the lack of inclusivity in STEM classrooms (Riley & Surmitis, 2017).

Diversity Advocacy

How faculty conceptualize diversity informs the way they approach teaching and learning 
in the classroom (Gordon et al., 2010), which can influence student outcomes (Ho et al., 
2001). Recent work by Suarez et al. (2022) has found that faculty conceptions of diversity 
are related to a number of factors in addition to faculty mindset, such as attending to student 
identities, centering student voices, fostering understanding of different perspectives, and 
discussing equity and inclusion issues within the discipline. For example, prior research 
has described how faculty adopt a fixed mindset when teaching international students, 
placing blame on the students and their language skills for poor classroom performance 
(Archer, 2007; Sawir, 2005). Such interactions give rise to unwelcoming learning environ-
ments and lead students to feel isolated and silenced (Ryan & Viete, 2009). In contrast, 
attending to student identities and centering student voices suggest cultural competencies 
in an instructor’s pedagogy and foster an inclusive learning environment (Rogers-Sirin & 
Sirin, 2009). Faculty mindsets are communicated to students in both conscious and uncon-
scious ways, which inadvertently sends students micromessages about their belonging 



875Research in Higher Education (2024) 65:871–892	

1 3

(Morrell & Parker, 2013). Purposefully fostering an understanding of different perspectives 
and discussing equity and inclusion issues, such as racial justice, within the discipline sug-
gest an intentional implementation and attention to diversity in the classroom and beyond 
(Henry et al., 2022; Pasque et al., 2013). The incorporation of diversity-focused teaching 
interventions can clearly communicate to students that diverse perspectives are valued, 
which is critical for the retention of minoritized students in STEM (Hartman et al., 2019; 
Morris & Daniel, 2008). These different aspects of how faculty conceptualize diversity, 
individually or in combination, will likely contribute to how faculty implement teaching 
practices in the classroom and ultimately student learning outcomes.

Taken together, extant research has illustrated the potential relationships between fac-
ulty mindset and instructional beliefs regarding assessment, grading, and diversity, but has 
yet to directly link them. Additionally, while prior work has shown a relationship between 
mindset and equity grade gaps (Canning et  al., 2019), similar work has yet to examine 
these instructional beliefs in the context of equity grade gaps. Given that mindset and 
instructional beliefs influence student experiences and the classroom environment, there 
is reason to believe that instructors who harbor a fixed mindset will also hold instructional 
beliefs that contribute to racial disparities in STEM achievement. Therefore, this study 
determines (1) whether faculty mindset beliefs correlate with instructional beliefs about 
grading, assessment, and diversity, (2) the association between these beliefs and faculty 
characteristics, and (3) whether certain instructional beliefs correlate with larger equity 
grade gaps, disaggregated by racial subgroups.

Methods

Data and Descriptive Statistics

Our research team developed a detailed survey on STEM faculty’s instructional beliefs and 
mindset. During fall 2020, the study survey was sent out to all STEM faculty across Bio-
logical Sciences, Engineering and Computer Sciences, and Physical Sciences at a research-
intensive, minority-serving institution. Out of the 594 faculty that were administered the 
survey, 259 faculty completed the full survey (43% response rate). When we merged fac-
ulty survey responses with the student transcript data, we removed 43 faculty as they did 
not teach an undergraduate-enrolling course during our study timeframe. Once we obtained 
university records of students taught by our survey respondents, we excluded students in 
independent study or research courses and courses that were graded exclusively using the 
Pass/No Pass system. Additionally, we removed repeat students from the sample. Our final 
sample, therefore, includes 216 STEM faculty who instructed 31,361 unique undergraduate 
students during Fall 2016 to Fall 2019 academic terms. The majority of students in the data 
have taken more than one course and also have taken courses with multiple instructors. 
Specifically, about three quarters of students have taken courses with multiple instructors. 
The 216 STEM faculty taught 387 courses and offered 1439 sections. On average, faculty 
taught six courses and 13 sections during the time span of our study. We selected this time 
period for the study to avoid COVID-19 affected academic terms.

We show sample statistics of the faculty respondents and of the students taught by 
the faculty in our sample in Table 1. Approximately three-quarters of the faculty survey 
respondents are male and about half of the respondents are at the Professor rank (versus 
Associate and Assistant Professors), both of which are comparable to national STEM 
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faculty trends (National Center for Education Statistics [NCES], n.d.). Over 80% are 
tenured or tenure-track  research faculty (which we define as the traditional tenure-track, 
research-focused faculty member), with 10% tenured or tenure-track teaching-focused fac-
ulty (which we will refer to as “teaching faculty”) and 8% adjunct lecturers. Among the 

Table 1   Sample Statistics of Survey Respondents

Note. Faculty sample limited to respondents who responded to every question in the survey and taught at 
least one course that fit our course criteria during fall 2016 to fall 2019. Survey was administered in Fall 
2020. The students are those who were taught by the faculty in our sample during Fall 2016 through Fall 
2019. API = Asian and Pacific Islander. The “Other/Decline to state” category includes: Thai or other Asian 
(2%), American Indian (0.2%), Polynesian (0.15%), and Decline to State (3%)

Faculty (n = 216)

Department
Biological Sciences 22%
Engineering and Computer Science 41%
Physical Science 37%
Gender
Male 72%
Female 28%
Rank
Assistant 18%
Associate 20%
Full 54%
Type
Teaching faculty 10%
Research faculty 81%
Lecturer 8%

Students (n = 31,361)

Women 50%
Racially Minoritized 48%
White 12%
Black 3%
Latinx 24%
Chinese 26%
East Indian 5%
Japanese 1%
Korean 4%
Filipino 7%
Vietnamese 12%
Other/Decline to State 6%
First Generation 47%
Low Income 32%
SAT Math 638.089
SAT Verbal 576.683
Weighted High School GPA 3.954
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31,361 students in our analytic sample, half are female and 48% of the students identify 
as racially minoritized. Notably, a quarter of the STEM students in our sample identify as 
Latinx. 47% of students are first-generation college students and a third of the students are 
low-income (Tables 2, 3, 4). The average weighted high school GPA of the students is 3.9. 

Survey Constructs

We administered a survey to assess STEM faculty’s mindset beliefs and instructional 
beliefs about assessment, grading, and diversity in STEM. These survey constructs are 
based on prior published work (see Appendix Table 5 for survey items and citations).

The standardized measure of faculty mindset beliefs is based on two questions “intel-
ligence is something about a person that cannot be changed very much” and “to be honest, 
students have a certain amount of intelligence and they can’t really do much to change it” 
as in Canning et al. (2019).

For the assessment questions, we concluded that the assessment construct is better 
suited as three sub-constructs based on confirmatory factor analysis. Therefore, the 15 
assessment-related survey items were separated into three scales: assessment for student 
ranking, assessment for student improvement, and assessment as irrelevant for teaching 
and learning. The assessment for student ranking fit statistics are: SRMR: 0.038; RMSEA: 
0.068; CFI: 0.993. These fit indices are among the most widely reported in the literature 
with lower RMSEA suggesting good fit, and CFI greater than or equal to 0.95 and SRMR 
less than 0.08 suggesting acceptable fit (please see Kline, 2016 for explanation). The stu-
dent improvement scale’s fit statistics are: SRMR: 0.048; RMSEA: 0.128; CFI: 0.971. 
Based on these results, the two scales have good fit. The three-item negative perceptions 
regarding assessment measure  did not have enough variation in responses and therefore 
were treated as an index. The assessment for ranking scale focuses on whether students 
meet qualification standards and the scale reliability coefficient is 0.724. The assessment 
for student improvement scale examines whether assessment provides feedback to students 
and whether assessments help students improve their learning. This six-item scale has a 
reliability coefficient of 0.826. The three-item negative perceptions of assessment identify 
instructors’ beliefs about fairness of assessments and whether instructors believe assess-
ments interfere with their teaching. This index has a reliability coefficient of 0.806.

For faculty grading beliefs, we adapted the items from Barnes (1997) and created a six-
item faculty tough love grading beliefs scale. The correlated two-factor model, gatekeeping 
and tough love scale has excellent fit: SRMR: 0.037, RMSEA: 0.083, CFI: 0.975. We see 
that gatekeeping is highly correlated with tough love. Gatekeeping is mostly driven by the 
question “assigning grades to students based on their performance relative to others gives 
them a dose of reality” and the tough love scale is driven by the question “tough grading is 
needed to identify students who are not prepared for college-level work.” The grading scale 
has an internal consistency of 0.680.

For diversity advocacy related survey questions, we asked four items related to beliefs 
about the instructor’s role in attending to student identities and centering student voices in the 
classroom, which we call instructor’s role in diversity advocacy and another four items related 
to curriculum diversity such as fostering understanding of different perspectives and discuss-
ing equity and inclusion issues within the discipline, which we call curriculum diversity. Sur-
vey items were adapted based on findings from Pasque et al. (2013) and Suarez et al. (2022). 
Both instructor role diversity and curriculum diversity scales have good fit.The instructor 
role diversity has the following fit statistics: SRMR: 0.028; RMSEA: 0.060; CFI: 0.998. The 
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curriculum diversity scale has the following fit statistics: SRMR: 0.036; RMSEA: 0.071; CFI: 
0.998. The diversity advocacy scales have an internal consistency of 0.780 for instructor role 
diversity and 0.790 for curriculum diversity. All of the items are on a six point response rang-
ing from strongly disagree to strongly agree, which were standardized such that results can be 
comparable across model estimations. The confirmatory factor analyses were conducted using 
R and the lavaan package.

Analytical Strategy

We began our inquiry by examining the correlation between faculty mindset beliefs and 
instructional beliefs about grading, assessment, and diversity. Then, we examined whether 
instructional beliefs differ depending on department, faculty rank, gender, and type controlling 
for faculty mindset as specified in Eq. (1):

where Instructionalbeliefsi represents standardized measures of assessment, grading, and 
diversity advocacy beliefs for faculty i. facultymindseti indicates a standardized measure 
of faculty mindset beliefs. To examine the association between faculty characteristics and 
instructional beliefs, we included a list of faculty covariates, with �

1
 through �

5
 represent-

ing the coefficients of faculty characteristics. We included the following faculty character-
istics in the model: faculty gender (male vs. female), type (research-focused vs. teaching-
focused), rank (Lecturer, Assistant, Associate, Full), and department (Computer Science 
and Engineering, Biological Sciences, Physical Sciences). �

0
 represents the intercept and 

�
1
 represents the relationship between faculty mindset and instructional beliefs in standard 

deviation units, and �i represents random error.
To answer our third research question, we estimated the relationship between the stand-

ardized measure of instructional beliefs regarding assessment, grading, and diversity and a 
standardized measure of equity grade gaps using a series of regression models that included 
student and section (i.e., classroom) fixed effects (Fairlie et al., 2014; Xu & Solanki, 2020). 
We estimated the changes in GPA of the represented students in a particular section relative 
to the changes in GPA of minoritized students in that same section. We included section fixed 
effects to account for the fact that instructors may impose different instructional standards 
depending on the class. This also removed any observed and unobserved aspects of an instruc-
tor that is constant overtime. We further included student fixed effects because students are 
not randomly assigned to faculty with specific instructional beliefs about assessment, grading, 
or diversity. Students may have selected into certain classes based on unobserved factors: for 
example, a student may desire to prove to oneself that they can master the course material with 
an instructor who exercises tough love and thus have opted to take a course with a certain type 
of instructor. Because 95% of the students in the data took more than one course within each 
term and across terms, we included student fixed effects to account for both observable and 
unobservable time-invariant characteristics of the student that could be correlated with taking 
courses with a certain type of instructor. Equation (2) formalizes the model we estimate:

yic indicates standardized measure of equity grade gap in a particular class with i indexing 
students and c indexing section offered during a specific term. facultybeliefsc represents 

(1)
Instructionalbeliefsi = �

0
+ �

1

(

facultymindseti
)

+ �
2

(

genderi
)

+ �
3

(

ranki
)

+ �
4

(

typei
)

+ �
5

(

departmenti
)

+ �i

(2)yic = �
(

minoritizedi ∗ facultybeliefsc
)

+ �i + �c + �ic
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standardized measures of assessment, grading, and diversity advocacy as well as fac-
ulty mindset beliefs. � represents the equity grade gap, which is the gap in course grades 
between racially minoritized and represented students, measured on a 0 to 4 scale with 
0 indicating an “F” and a 4 indicating an “A + .” A significant positive coefficient � indi-
cates that racially minoritized students perform better in courses taught by instructors who 
espouse certain instructional beliefs whereas a significant negative coefficient � indicates 
that racially minoritized students perform worse.

Rather than including instructor and student level controls, we included section ( �c ) and stu-
dent fixed effects ( �i ). The inclusion of section fixed effects addresses selection that may arise 
due to factors such as different grading policies. By including section fixed effects, we are com-
paring student groups within the same classroom and who are subject to the same faculty stand-
ards, expectations, and assignments. Furthermore, the inclusion of student fixed effects addresses 
student sorting into different instructors—although this does not address differential sorting into 
instructors among racially minoritized and represented students which we discuss in the limita-
tions section. By modeling both fixed effects, we essentially compare the performance of racially 
minoritized and represented students in the same section taught by an instructor with a particu-
lar type of instructional belief. By including student and section fixed effects we capitalize on 
within-student variation as well as between students within class variation. Because the sec-
tion fixed effects subsumes faculty level characteristics and is a combination of faculty, course, 
section, quarter and year, all of the faculty-level and course-level variables dropped out of the 
model. Similarly, all student-level variables dropped out of the model with the inclusion of the 
student fixed effects. In addition to student and section fixed effects, we included an indicator for 
every term-year combination. This allowed us to compare course grades within each term in a 
given year. The standard errors of all the regression estimates were clustered at the section-level. 
All of the fixed effects estimations were conducted in Stata, a statistical software developed by 
StataCorp.

Results

Are There Correlations Between Faculty Mindset Beliefs and Instructional Beliefs?

As prior studies indicated that faculty mindset and beliefs of assessment, grading, and 
diversity may be linked to student outcomes, we sought to determine whether there is a 
relationship among these constructs for the STEM faculty survey participants. Examin-
ing the correlation coefficients of the survey constructs, assessment for student ranking 
purposes and assessment for improvement were positively correlated (r = 0.601). Assess-
ment for student ranking was also positively correlated with tough love grading approaches 
(r = 0.365) and fixed mindset beliefs (r = 0.337). Faculty perceptions that assessments help 
determine students’ qualifications (i.e., assessment for student ranking) and faculty percep-
tions that assessments interfere with teaching (i.e., assessments are irrelevant) were nega-
tively correlated with one another (r = − 0.554).

Similar to assessment for student ranking beliefs, tough love grading beliefs were posi-
tively correlated with fixed mindset beliefs (r = 0.442). Tough love grading beliefs were 
negatively correlated with diversity advocacy. In contrast, instructors’ perceived role in dis-
cussing diversity and promoting diversity in STEM curriculum were positively correlated 
(r = 0.637). Despite these patterns, we noted that the faculty average responses in our study 
sample on fixed mindset and tough love grading approaches was somewhat disagree while 
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the average responses to diversity advocacy beliefs were somewhat agree on a six-point 
disagree to agree scale (See Appendix Table 6).

To What Extent Are There Differences in Instructional Beliefs and Mindset 
by Department, Faculty Rank, Faculty Gender, and Faculty Type?

We next examined the relationship between these constructs holding constant faculty char-
acteristics using Eq. (1) (Table 3). Faculty who endorsed fixed mindset beliefs were more 
likely to believe that assessment is a means to rank students ( � = 0.24 standard deviation 
unit on a five point agree-disagree scale, p < 0.001) and to hold tough love grading beliefs 
( � = 0.35 SD, p < 0.001). In addition, faculty who endorsed fixed mindset beliefs were also 
less likely to advocate that STEM curriculum should promote diversity ( � = − 0.17 SD, 
p < 0.01) and that the instructor’s role is to promote equity in their discipline ( � = − 0.17 
SD, p < 0.01).

Controlling for mindset beliefs, female faculty were more likely to endorse the inclusion 
of diversity topics in STEM curricula than male faculty ( � = 0.47 SD, p < 0.001), less likely 
to believe that assessment should be used for ranking purposes ( � = − 0.29 SD, p < 0.05) 
or to improve student learning ( � = − 0.35 SD, p < 0.05), and less likely to hold tough love 
beliefs regarding grading ( � = − 0.29 SD, p < 0.05) (Table 3). Both tenure-track research 
faculty and lecturers were more likely to hold the belief that assessment should be used 
for ranking purposes (research: � = 0.45 SD, p < 0.01; lecturer: � = 0.65 SD, p < 0.05) rela-
tive to tenure-track teaching faculty. Across faculty rank, full professors were less likely to 
believe that assessment is irrelevant ( � = − 0.68 SD, p < 0.001) and less likely to believe it 
is the instructor’s role to foster diversity in the classroom ( � = − 0.35 SD, p < 0.05) relative 
to assistant professors. Looking at disciplinary differences, we noted that Biological Sci-
ences faculty compared to Engineering and Computer Science faculty were less likely to 
hold tough love beliefs regarding grading ( � = − 0.38 SD, p < 0.05) and more likely to sup-
port the idea that diversity should be promoted in the curriculum ( � = 0.39 SD, p < 0.05). 
In addition, Physical Sciences faculty were more likely to value assessment for ranking 
purposes ( � = 0.35 SD, p < 0.01) relative to Engineering and Computer Sciences faculty.

To What Extent Are Certain Instructional Beliefs Associated with Larger Equity 
Grade Gaps?

In order to investigate the relationship between instructional beliefs and disparities in 
grades between minoritized and represented populations, we sought to replicate the prior 
finding that faculty mindset is correlated with student grades (Canning et al., 2019). We 
found a larger equity grade gap between minoritized and non-minoritized students when 
taught by STEM faculty with fixed, as opposed to growth, mindset beliefs, holding con-
stant student-level and classroom-level differences (Table 4). This is consistent with find-
ings from prior studies (e.g., Canning et  al., 2019). Specifically, the equity grade gap 
increased by 0.03 standard deviations (p < 0.001) when taught by instructors who endorsed 
fixed mindset beliefs.

We next investigated the relationship between faculty beliefs regarding mindset, assess-
ment, grading, and diversity and student equity grade gaps using Eq. 2. Similar to prior work, 
students taught by STEM faculty who held fixed mindset beliefs earned lower grades and 
experienced larger equity grade gaps relative to students in courses taught by STEM faculty 
who held growth mindset beliefs. Examining the interaction between racially minoritized 
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indicator and faculty instructional beliefs on assessment, we found that, on average, minor-
itized students were awarded 0.04—0.05 standard deviations lower course grades (p < 0.001) 
than their represented peers when instructors believed that assessment should be used in the 
learning process and for student ranking purposes. Similarly, in courses where instructors 
endorsed a tough love belief regarding grading, minoritized students received 0.05 standard 
deviations lower course grades (p < 0.001). The equity grade gaps are notable given that 0.04 
to 0.05 standard deviations of grades represents 18–23 percent of the total gap between minor-
itized and represented students’ grades at this university.

In contrast, the equity grade gap was reversed when students took a course with an instructor 
who endorses the belief that it is the instructor’s role to center student identities and voices as well 
as to foster discussions of diversity, equity, and inclusion in the STEM curriculum. Minoritized 
students, on average, were awarded 0.03 standard deviation higher course grades (p < 0.001) in 
courses where the instructor agreed on the importance of diversity and equity in the curriculum 
relative to students taught by instructors who did not agree with these instructional beliefs, after 
accounting for student sorting, instructor and section-level differences, and subject-specific dif-
ferences. We also observed this pattern in courses where instructors advocate for race and eth-
nic diversity to be more strongly reflected in the STEM curriculum. In addition, we found that 
minoritized students received 0.02 standard deviations higher course grades (p < 0.001) when 
taught by instructors who held the belief that assessments are irrelevant relative to peers taught 
by instructors who did not endorse these beliefs.

Disaggregation by Racial Identification

The term “minoritized” masks the varied experiences of different racial/ethnic groups. It may 
be that faculty instructional beliefs are associated with greater/lesser equity grade gaps when 
we examine Latinx students, Black students, or Southeast Asian students. We therefore disag-
gregated the results shown in Table 3 and re-estimated the model by interacting instructional 
beliefs with a student indicator for Latinx, Black, and Southeast Asian (we do not include Native 
American and Pacific Islander students in this analysis due to very small sample sizes). We found 
that minoritized students regardless of different subgroups, on average, received lower grades 
in STEM courses when instructors subscribed to fixed mindset beliefs and tough love grading 
beliefs while students received higher grades in courses where instructors espoused diversity 
advocacy beliefs in STEM (Fig. 1). However, Black and Latinx students particularly underper-
formed when instructors held assessment for improvement perceptions and tough love grading 
beliefs (Fig. 2). Specifically, Black and Latinx students were awarded 0.07–0.09 standard devia-
tions lower course grades (p < 0.001) when taught by these instructors whereas Southeast Asians 
received 0.05–0.06 standard deviations lower course grades (p < 0.001). When taught by STEM 
instructors who reported that it is their role to foster conversations about diversity, Black and 
Latinx students received 0.05–0.06 standard deviations higher course grades (p < 0.001).

Limitations and Future Research

We note a few limitations and discuss future research suggestions. First, our estimations 
are not causal. The student and section fixed effects do not account for differential sort-
ing of student groups into different sections. The underlying assumption is that, absent 
faculty with different beliefs, racially minoritized and represented groups would have followed 
a common GPA trend. Yet, the current model cannot rule out confounding factors such as 
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Fig. 1   Instructional Beliefs Associated with Negative Racial Equity Grade Gaps

Fig. 2   Instructional Beliefs Associated with Positive Racial Equity Grade Gaps

systematic sorting into sections taught by faculty with certain instructional beliefs. For instance, 
highly motivated racially-minoritized students may have obtained information on faculty’s 
instructional beliefs on assessment, grading, and/or diversity and may have opted to take certain 
sections. We cannot control for all possible confounding factors in our model. Second, we do not 
know to what extent instructors enacted these instructional beliefs in the classroom. Instructors 
may report agreement in the survey but not necessarily implement their beliefs in their class-
room. While studies show that surveys are valid proxies for actual behavior (Li et al., 2020), we 
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acknowledge that our results hinge on reported responses rather than observed behavior. Future 
research that describes instructional practices as they relate to assessment, grading, and diversity 
advocacy in STEM classrooms will elucidate the extent to which beliefs align with practices in 
STEM classrooms.

Discussion

This study extends existing literature by examining how mindset beliefs connect with instruc-
tor beliefs regarding assessment, grading, and diversity that ultimately contribute to racial dis-
parities in STEM course achievement. Specifically, leveraging assessments for student ranking as 
opposed to a means to improve student learning, grading through a gatekeeping and tough love 
lens, and a belief that it is not the instructor’s role to incorporate diversity into the classroom and 
curriculum were all associated with fixed mindset beliefs and widening equity grade gaps. This 
study refers to these beliefs as “traditional” beliefs as they contribute to the chilly climate tradi-
tionally found in STEM programs (Seymour et al., 2019).

Notably, racially minoritized students performed better relative to represented students 
when they took courses with STEM instructors who agreed on the importance of diver-
sity in STEM classrooms. The equity grade gap reversed when students took courses with 
instructors who believed it is their role to foster conversations about diversity, and the posi-
tive trend was more pronounced for Black and Latinx students. These results point to the 
value of incorporating topics related to diversity into the curriculum, and intentionally dis-
cussing structural racism in STEM higher education as a way to help racially minoritized 
students feel seen and heard in underrepresented spaces. In contrast, the equity grade gap 
widened when students took courses with STEM instructors who believed that tough grad-
ing motivates students to perform their best. Our research finds that ranking students and 
administering harsh grades were associated with lower performance among racially minor-
itized students in STEM courses. Research has indicated that racially minoritized students 
are more likely to face microaggressions in STEM classrooms and feel extreme pressure 
to outperform and prove themselves (McGee, 2020). And, these students are prone to feel-
ing judged when they perform suboptimally. Despite STEM faculty’s intentions to increase 
student achievement through tough grading, our study indicates that this type of grading 
belief has the opposite effect.

Analyses of faculty demographics reveal significant differences in mindset as well 
as faculty beliefs. Our results indicate that female faculty tend to espouse growth mind-
set beliefs, express that assessment should not be used for student ranking, and that the 
curriculum should incorporate diversity. The finding that female faculty are likely to 
hold beliefs that benefit minoritized students aligns with prior work that they are more 
likely to implement equity-oriented pedagogies (Hurtado et al., 2012). While this is a 
promising finding, it also aligns with prior research showing that female faculty (and 
other minoritized faculty) face increased burden for diversity-related activities, includ-
ing advising minoritized students and increased service loads, which leads to less time 
spent on research tasks (O’Meara et al., 2017). As such, institutions need to be aware 
of this increased burden on female faculty as they consider means to improve outcomes 
for minoritized STEM students.

We also find that instructor-type correlates with faculty perspective on the purpose of assess-
ment. Research faculty and adjunct lecturers were significantly more likely to endorse the belief 
of assessment as a mechanism of student ranking than tenure-track teaching-focused faculty. As 
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tenure-track teaching faculty are hired on the basis of pedagogical expertise and knowledge (Har-
low et al., 2022), institutions might expect that teaching faculty hold beliefs that are more focused 
on student learning and creating a more positive classroom environment rather than ranking 
students. At the same time, individuals in this tenure-track teaching faculty position tend to be 
trained similarly to research faculty in their discipline in doctoral programs, which may explain 
why there were few differences overall among the measured beliefs (Harlow et al., 2020; Harlow 
et al., 2022).

In regard to discipline, Biological Sciences faculty were less likely to possess tough 
love and gatekeeping beliefs for grading and more likely to support diversity in the 
curriculum. This may be related to a more inclusive classroom climate in Life Sciences 
as the field reaches gender enrollment parity. A recent Pew Research Center report 
(Fry et al., 2021) has found that females are the majority of degree earners in Life Sci-
ences fields while making up only 22% and 40% of graduates in Engineering and Phys-
ical Sciences fields, respectively. Yet, the same report has found that all STEM fields 
are similarly unsuccessful at graduating Black and Latinx students, which reflects the 
ongoing need to address this issue across STEM disciplines.

As opposed to focusing on perceived student deficits, this work highlights the need to address 
the instructor’s role in the commonly observed disparities in success of underrepresented-in-
STEM racially minoritized students relative to represented students. While research has identi-
fied the benefits of particular classroom practices, we also know that faculty choose to imple-
ment such practices based on their own personal opinions and experiences (Andrews & Lemons, 
2015). This, in combination with our findings, reinforces the importance of faculty reflection 
regarding their beliefs and practices to better understand what they do in the classroom and why. 
Reflection, in the form of faculty development on inclusive and evidence-based teaching prac-
tices (Beach et al., 2016) and the writing of reflective teaching statements (Hubball et al., 2005), 
are means to transform the classroom space. Such reflection though cannot be expected to occur 
in a vacuum. Particularly at research-intensive institutions, there is a well-established misalign-
ment between faculty promotion processes that prioritize research success, and the time needed 
to reflect on and improve one’s teaching (Brownell & Tanner, 2012). If institutions expect their 
faculty to reconsider their beliefs, the appropriate reward structures must exist to enable them to 
prioritize such activities. This can include encouraging faculty to submit a reflective teaching 
statement to complement their student evaluations of teaching as a means to demonstrate teach-
ing excellence, while also providing them with professional development opportunities to train 
faculty to create and leverage such statements to improve their teaching.

Conclusion

Our study sheds light on the critical role that faculty mindset and instructional beliefs 
play in perpetuating racial equity grade gaps. Extending prior research, our findings 
reveal an alignment between fixed mindset and traditional beliefs surrounding assess-
ment, grading, and diversity. The correlation between these instructional beliefs and 
racial equity grade gaps emphasizes the need for faculty to engage in reflective prac-
tices, critically examining the impact their beliefs have on their teaching practices. 
Moreover, our exploration of faculty characteristics, such as gender, instructor type, and 
academic discipline, provides valuable insights for institutional leadership. By under-
standing these factors, institutions can implement strategic measures to promote faculty 
development and work towards closing racial equity grade gaps.
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Appendix

See Tables 5 and 6.

Table 5   Constructs and survey items

Construct Survey Items

Faculty Mindset (Canning, 2019) Two-items on fixed mindset
Intelligence is something about a person that cannot 

be changed very much
To be honest, students have a certain amount of intel-

ligence, and they really can’t do much to change it
Assessment Beliefs (Fletcher et al., 2012) Fifteen items were separated into three scales: 

assessment for accountability purposes (6 items), 
assessment for student improvement (6 items), and 
negative perceptions about assessment (3 items)

Assessment for Student Ranking
Assessment is assigning a grade or level to student 

work
Assessment determines if students meet qualification 

standards
Assessment results can be depended on
Assessment places students into ranks
Assessment results are trustworthy
Assessment results are consistent
Assessment for Student Improvement
Assessment provides feedback to students about their 

performance
Assessment establishes what students have learned
Assessment helps students improve their learning
Assessment measures students’ higher order thinking 

skills
Assessment feeds back to students their learning 

needs
Assessment is a way to determine how much students 

have learned from teaching
Assessment is Irrelevant
Assessment forces instructors to teach in a way that is 

against their beliefs
Assessment is unfair to students
Assessment interferes with teaching

Tough Love Grading Beliefs (Barnes, 1997; Barnes 
et al., 2001)

Even with effective instruction, the idea that half the 
class deserves A’s is unreasonable

Generally, a high percentage of “A’s” in a class indi-
cates low standards or a lack of rigor in assessing 
achievement

The distribution of scores on a well-written exam 
following effective instruction should be “piled up” 
at the upper end of the scale range

Tough grading is needed to identify students who are 
not prepared for college-level work

Tough grading motivates students to perform their 
best

Assigning grades to students on the basis of their 
performance relative to others gives them a dose 
of reality
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Table 5   (continued)

Construct Survey Items

Diversity Advocacy (Park & Denson 2009; Suarez 
et al., 2022)

Eight items were asked regarding faculty’s beliefs 
about embedding diversity discussions in the STEM 
curriculum as well as beliefs about instructor role in 
learning about students’ life experiences and foster-
ing acceptance of different beliefs and perspectives

Curriculum Diversity
Racial and ethnic diversity should be more strongly 

reflected in the curriculum
A racially/ethnically diverse student body enhances 

the educational experience of all students
The goal of undergraduate education should be to 

enhance students’ knowledge of and appreciation 
for other racial/ethnic groups

A personal objective of mine is to help promote racial 
understanding

Instructor Role Diversity
Please indicate the extent to which you agree it is 

your role to:
Learn about individual students’ life experiences
Encourage students to voice disagreement with ideas 

being presented in class
Foster acceptance of different beliefs and perspectives
Foster classroom discussions on equity issues in your 

discipline

Table 6   Means and standard 
deviations of survey construct 
and indices

Note These indices and scales are on a strongly disagree (1) to strongly 
agree (6) scale. Some items within scales were reverse coded

Mean Median Standard 
devia-
tion

Assessment: Student Ranking 4.118 4.167 0.653
Assessment: Student Improvement 4.607 4.667 0.689
Assessment: Negative Perceptions 2.363 2.000 0.956
Tough Love Grading 2.901 2.833 0.868
Curriculum Diversity 4.438 4.500 0.974
Instructor Role Diversity 4.507 4.500 0.958
Fixed Mindset 2.081 2.000 1.019
N 216
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