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Abstract

It is well established that there is a national problem surrounding the equitable
participation in and completion of STEM higher education programs. Persons excluded
from science because of their ethnicity or race (PEERs) experience lower course
performance, major retention, sense of belonging, and degree completion. It is unclear
though how pervasive these issues are across an institution, from the individual
instructor, course, major program, and discipline perspectives. Examining over six years
of institutional data from a large-enrollment, research-intensive university, we present an
analysis of opportunity gaps at the course section level between PEERs and non-PEERs
to identify the consistency of these issues. From this analysis, we find that there is
considerable variability as to whether a given course section taught by a single instructor
does or does not exhibit opportunity gaps, although encouragingly we did identify that
34 percent of our instructor sample consistently observed no gaps. We also identified
significant variation across courses within a major program, and found that certain
STEM disciplines were much more likely to have courses that exhibited opportunity
gaps relative to others. Across nearly all disciplines though, it is clear that these gaps
are more pervasive in the lower division curriculum. This work highlights a means to
identify the extent of inequity in STEM success across a university by leveraging
institutional data. These findings also lay the groundwork for future studies that will
enable the intentional design of STEM education reform by leveraging beneficial
practices exhibited by more instructors and departments assigning equitable grades.

Introduction 1

A main consideration for educators and researchers examining means to improve higher 2

education is the role that the institution plays in recreating and reinforcing structural 3

inequalities. Related to this is how a student’s race and ethnicity differentially affects 4

their experiences and outcomes in the education system. Identifying the root cause of 5

this discrepancy is not a simple task, due to the complex nature of structural racism 6

and the importance of intersectionality in regards to one’s identity and the effects of 7
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this on lived experience (1). It is well-established that students from disadvantaged 8

backgrounds are subject to disproportionately negative outcomes in science, technology, 9

engineering, and mathematics (STEM) education, including lower course performance, 10

sense of belonging, retention and graduation rates (2–10). But what is unknown is how 11

pervasive these impacts are on a course and instructor level across an institution. This 12

is key, as students ultimately experience the institution as a network of individual 13

courses. This paper seeks to add to the body of research on improving STEM education 14

by demonstrating one approach to elucidating this critical structural aspect of the 15

student experience. To accomplish this, we leverage institutional data to obtain a 16

comprehensive picture of the course level impacts as a necessary first step for developing 17

an understanding of interactions that exist within the curriculum. We start by looking 18

at the course section level to identify specific individuals whose courses do or do not 19

produce a grade penalty for PEERs (Persons Excluded from science based on Ethnicity 20

or Race) and then aggregate these data to identify trends across discipline and course 21

level. Once established, future work will be able to identify particular instructor 22

practices, course structures, and interactions between courses which benefit PEERs, and 23

to determine which practices deemed beneficial by the education research literature at 24

the individual course level have broad impacts across an institution. 25

Successful navigation of the education system is often imperative for advancing 26

oneself in society. The more education that a person is able to obtain, the more 27

opportunities that will be open to them (11–14). The perception exists in higher 28

education that a student’s success is based solely on merit, and that all students have 29

an equal opportunity if they put forward sufficient effort (15). However, the successful 30

navigation of the education system is dependent upon many factors and the complex 31

interactions these factors have with one another and the system (1). One of these 32

factors is race/ethnicity. The transmission of cultural models and the resulting 33

hierarchy within colleges and universities has resulted in the transmission of dominant 34

forms of knowledge that are rooted in cultural meaning derived from whiteness 35

(1; 12; 13; 16; 17). This denies the legitimacy of other forms of cultural capital derived 36

from different races/ethnicities and this, combined with various factors that are 37

embedded in the education system, serves to prevent PEERs from attaining the same 38

levels of success as their non-PEERs counterparts. This racial opportunity gap can be 39

identified across a wide range of metrics including course grades, GPAs, graduation 40

rates, and retention in STEM majors (1; 11–13; 15; 16; 18; 19). 41

The challenge for higher education institutions moving forward is how to address 42

structural racism in the education system and to implement strategies to eliminate the 43

racial opportunity gap. Evidence-based interventions that have been successful in these 44

efforts include learning communities (7), distance education programs (3), 45

undergraduate research and student organizations (5), light-touch values affirmation 46

and utility-value interventions (6; 20; 21), use of alternative assessments (22), and the 47

effectiveness of shifting to a diversity cognitive frame (4). Additionally, there has been 48

increasing work on classroom practices and course structures that improve student 49

outcomes, particularly for PEERs (2; 8–10; 14; 23; 24). These include the incorporation 50

of active learning pedagogies which emphasize peer to peer or student/instructor 51

interaction, higher order problem solving, and facilitated, independent learning time. 52

The addition of increased structure in these courses, through the incorporation of 53

preparatory pre-lecture quizzes, weekly problem sets, and multiple timed assessments as 54

opposed to the common one midterm/one final model, have shown to be beneficial for 55

student learning as well. While these studies are promising, it is clear that adoption of 56

evidence-based teaching practices has not occurred on an institutional level 57

(2; 8–10; 14; 23; 24). 58

Because of the variability in instructor practices, the undergraduate STEM 59
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experience is likely to differ from course to course. This makes it likely that the 60

previously described STEM equity issues (3–7; 20–23) are manifested to varying degrees 61

throughout a major program and across the institution. This paper seeks to establish a 62

method to characterize the pervasiveness of equity issues across an institution and to 63

identify STEM instructors whose courses show minimal grade penalties for PEERs. 64

Follow up work can then identify the beneficial practices employed by these faculty and 65

determine whether practices in one course have indirect impacts on student success in 66

their other courses. Specifically, we aim to address the following research questions: 67

1. How can we identify specific STEM instructors that either do or do not 68

consistently exhibit opportunity gaps in their course sections between non-PEER 69

and PEER populations? 70

2. Using this methodology, are certain STEM departments more likely to exhibit 71

opportunity gaps versus others? 72

3. Using this methodology, do opportunity gaps vary across an undergraduate major 73

program? 74

Materials and methods 75

Data 76

Primary analyses were performed on a dataset containing 4,644 undergraduate courses 77

at a selective research university in the Western US. Between the Fall 2013 and Winter 78

2020, we identified STEM courses that had at least 10 PEERs and 10 non-PEERs in 79

the same course section. The inter-quartile range for % PEER in this sample was 80

28-49% PEERs. To control for class composition, we focus on these courses that had 81

similar PEER representation. 82

The dataset included student demographics and transcript data including course 83

enrollments and performance. Student demographic data included the student’s PEER 84

status (Black, Latinx, Asian Pacific Islanders, and Native American students). 85

Transcript data included information on each course (i.e. course number, subject, type, 86

and level) and on student performance (i.e. grade in course). This study was approved 87

by the institutions local Institutional Review Board (IRB #2018-4211) to study 88

educational equity across the campus. 89

Statistical Tests 90

We used two different methods to explore whether there is a difference in grades given 91

to PEERs and non-PEERs in a given course section. First, we conducted a Chi-square 92

test of homogeneity to determine if there was a difference in the fraction of A’s and B’s 93

awarded compared to C’s, D’s, and F’s. Second, we performed a two-sample t-test for 94

independent samples (PEERs and non-PEERs) to test if there is a difference in the 95

average grade received by the two groups. To test if opportunity gaps (between PEERs 96

and non-PEERs) vary across an undergraduate major program (i.e. lower versus upper 97

division), we used a two-sample t-test of the differences of Avg∆GP and Avg∆%AB. 98

For all analyses, we compared raw grades without incorporating students’ prior 99

academic achievement, for reasons described in the discussion. 100
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Results 101

Research Question 1: How can we identify specific STEM 102

instructors that either do or do not consistently exhibit 103

opportunity gaps in their course sections between non-PEER 104

and PEER populations? 105

One measure of overall course performance for PEERs and non-PEERs can be 106

determined by tabulating the numbers of A and B grades earned relative to C, D, and F 107

grades for each population. Table 1 provides an example of this comparison for one 108

course section (course section I) χ2-test results (χ2 = 12.14, p = 0.002). For this 109

particular course section, 172 non-PEERs received either an A or B, whereas 67 PEERs 110

received an A or B with the percentage of PEERs receiving A and B grades being 111

significantly lower than the percentage of non-PEERs (46% of PEERs versus 63% of 112

non-PEERs); the difference in the percent of A and B grades given to PEERs and 113

non-PEERs (∆%AB) was -17%. Furthermore, while PEERs made up 35% of Course 114

Section I, the PEERs received only 28% of the A and B grades and received 44% of the 115

C, D, and F grades. 116

Table 1. The observed and expected counts of grades versus PEERs status
for Course Section I. The expected counts are in parentheses. The Chi-square test
of homogeneity yields significant results χ2 = 12.14, p = 0.002.

AB CDF Total

non-PEERs 172 (155) 100 (117) 272
PEERs 67 (84) 80 (63) 147
Total 239 180 419

Another means to identify the presence of an opportunity gap in a course is by 117

calculating the grade point average (on a 4.0 scale) difference (∆GP) between PEERs 118

and non-PEERs. Table 2 provides the summary statistics and t-test results for Course 119

Section I. The difference in the average grade received by PEERs and non-PEERs was 120

-0.39, a statistically significant difference (t = -3.92, p < 0.001). Similar to the grade 121

distribution comparison, this test also provides evidence that PEERs received lower 122

grades on average compared to non-PEERs (PEERs average = 2.41, non-PEERs 123

average = 2.79). 124

Table 2. The mean and standard deviation of grades for Course Section I
for non-PEERs and PEERs. The independent samples t-test yields significant
results t = -3.92, p < 0.001.

Standard
Mean Deviation n

non-PEERs 2.79 0.95 272
PEERs 2.41 0.97 147

To determine how consistent these results were across multiple sections of the same 125

course taught by a single instructor, we performed these same statistical analyses across 126

five sections of the course previously presented in Tables 1 and 2. For this particular 127

instructor, 3 of the 5 times the class was taught, there was a statistically significant 128

opportunity gap present as determined both by comparing the distribution of A and B 129

grades (Table 3), and the difference in GPA (Table 4) for PEERs and non-PEERs. The 130

opportunity gap in GPA between PEERs and non-PEERs varied across the 5 years, but 131

was consistently negative (average difference in grade points given to PEERs and 132
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non-PEERs = Avg∆GP = −0.31). The gap in the percentage of PEERs receiving A 133

and B grades and the percentage of non-PEERs receiving A and B grades also varied 134

across the 5 years (Avg∆%AB = −13%; see Table 5). 135

Table 3. The observed and expected counts of grades (A and B grades
versus C, D, and F grades) versus PEERs status for Instructor J across 5
years. The expected counts are in parentheses.

Year PEERs AB CDF Total χ2 p-value

1 No 131 (125) 91 (97) 222 2.36 0.1294
Yes 44 (50) 45 (39) 89

Total 175 136 311
2 No 89 (89) 68 (68) 157 0.01 > 0.999

Yes 37 (37) 29 (29) 66
Total 126 97 223

3 No 172 (155) 100 (117) 272 12.14 0.001
Yes 67 (84) 80 (63) 147

Total 239 180 419
4 No 167 (155) 94 (106) 261 7.38 0.0115

Yes 64 (76) 65 (53) 129
Total 231 159 390

5 No 94 (81) 39 (52) 133 12.50 < 0.001
Yes 50 (63) 54 (41) 104

Total 144 93 237

Table 4. The mean and standard deviation of grades for Instructor J for
non-PEERs and PEERs and the results of each of the independent samples
t-test. The Grade Point Difference (∆GP) between PEERs and non-PEERs is also
displayed.

PEERs non-PEERs Test
Year Mean (SD) Mean (SD) ∆GP t p-value

1 2.48 (0.84) 2.70 (0.99) -0.22 -1.93 0.0552
2 2.62 (0.87) 2.63 (0.97) -0.01 -0.11 0.9152
3 2.41 (0.97) 2.79 (0.95) -0.38 -3.93 0.0001
4 2.49 (0.94) 2.88 (0.95) -0.39 -3.83 0.0002
5 2.42 (0.91) 2.95 (0.79) -0.53 -4.68 < 0.001

Table 5. The difference in the percentage of PEERs receiving A and B
grades and the percentage of non-PEERs receiving A and B grades from
Instructor J . The last column gives the difference in the percentage of PEERs who
receive A and B grades and the percentage of non-PEERs who receive A and B grades
(i.e. ∆%AB between PEERs and non-PEERs).

PEERs non-PEERs
Year %AB %AB ∆%AB

1 49% 59% -10%
2 56% 57% -1%
3 46% 63% -17%
4 50% 64% -14%
5 48% 71% -23%

We now expand these analyses across all instructors within our dataset (nJ = 389). 136
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Figure 1 displays the instructor Avg∆GP and Avg∆%AB between PEERs and 137

non-PEERs. Each instructor represented in this plot taught a minimum of 4 sections of 138

a single course. The median Avg∆GP across our instructors was −0.25, which equates 139

to nearly a quarter point GPA drop for PEERs relative to non-PEERs. When looking 140

at the Avg∆%AB, there is a considerable spread among our sample (median value of 141

−9.41%). Using this methodology, we were able to identify 139 instructors who had zero 142

course sections with a significant difference between grades earned by PEERs and 143

non-PEERs, in other words, instructors whose course sections never exhibited an 144

opportunity gap. Out of those 139 instructors, 45 were teaching lower division courses 145

with the remaining teaching upper division courses. 146

Research Question 2: Are certain STEM departments more 147

likely to exhibit opportunity gaps versus others? 148

Figure 2 provides an example of one departments’ (Department K) Avg∆GP and 149

Avg∆%AB. Typically, PEERs received between -0.44 and -0.13 grade points lower than 150

non-PEERs in course sections taught within Department K. The median Avg∆%AB in 151

this particular department was -12%; that is, in this department the percentage of 152

PEERs receiving A and B grades was lower than the percentage of non-PEERs 153

receiving A and B grades. For this particular department, there were 445 course 154

sections included in the departmental analysis. Of those course sections, 36% showed a 155

difference in the distribution of A and B grades compared to C, D, and F grades for 156

PEERs and non-PEERs. 47% showed a difference in the GPA received by PEERs and 157

non-PEERs and 36% of the course sections in Department K showed a difference in 158

both statistical tests. 159

We then conducted this same analysis for all STEM departments within the study 160

institution (nK = 33) to identify how consistent the opportunity gaps were across 161

campus. Figure 3 displays the Avg∆GP of course sections taught within a department. 162

The median Avg∆GP of STEM departments is −0.23 and the median Avg∆%AB of 163

STEM departments is −9.47%, similar to our analysis looking at instructors across 164

campus (Figure 1). The median percentage of a given department’s course sections with 165

statistically significant opportunity gaps was 13%. We were able to identify 1 exemplar 166

department which had no course sections with a difference in grades given to PEERs 167

and non-PEERs. At the other extreme, there was one department identified that had 168

differences in grades given to PEERs and non-PEERs in 61% of their course sections. 169

Research Question 3: Do opportunity gaps vary across an 170

undergraduate major program? 171

While it is clear that there is considerable variation in the size of opportunity gaps in 172

course sections taught across departments within a single institution, we were curious to 173

see how variable these gaps were within a single major program. Figure 4 provides an 174

example of the differences in average grades received by PEERs compared to 175

non-PEERs for each course section taught in Department K disaggregated by course 176

level (lower versus upper division). There was significantly larger gaps for lower division 177

courses compared to upper division courses for Avg∆GP (t = −7.80, p < 0.001) and 178

Avg∆%AB (t = −7.98, p < 0.001). While the overall Avg∆GP in Department K’s 179

course sections was −0.28, this value was −0.36 for lower division course sections 180

compared to −0.19 for upper division course sections. The difference in the percentage 181

of PEERs and non-PEERs receiving A and B grades were larger for lower division 182

courses compared to upper division courses (lower division Avg∆%AB = −15%, upper 183

division Avg∆%AB = −7%). 184
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Out of the 33 (nK) STEM departments, we examined 20 (nK∗) that taught a 185

minimum of 10 lower division and 10 upper division course sections. The scatterplot in 186

Figure 5 highlights that the lower division course sections within a department generally 187

had larger opportunity gaps (i.e. wider/larger Avg∆GP and Avg∆%AB) compared to 188

upper division course sections. There were only a handful of departments where the 189

opportunity gaps were higher in their upper division course sections compared to the 190

lower division courses. 191

Discussion 192

In this study, we set out to shift the focus from macro level institutional data analysis 193

to micro level data analysis at the course, instructor, and department levels, with the 194

intention of gaining a better understanding of racial opportunity gaps and how they are 195

distributed across the institution. In order to better understand the structures that 196

contribute to opportunity gaps at the institutional level, we wanted to provide a method 197

to identify instructors, course sections, individual STEM departments, and course levels 198

within undergraduate STEM majors that are more or less likely to exhibit opportunity 199

gaps. The results from this particular institution show that PEERs are on average 200

receiving lower grades according to both χ2-test results and t-test results. Even though, 201

65% of instructors in the dataset have a gap in at least one of their courses, only 36% of 202

the STEM course sections (n = 4,644) had a difference in performance between PEERs 203

and non-PEERs, highlighting the variable presence of these gaps within a given 204

instructor’s course. Our results show that the median percentage of a given instructor’s 205

courses with gaps was 17% and the median percentage of courses within a given STEM 206

department with an opportunity gap was 13%. 207

The distribution of gaps, existence of instructors without gaps, and low average of 208

overall courses with gaps all point to the overlapping of structural influences of 209

instructor, course level, and department that result in the average gaps observed at the 210

institutional level. The clustering of gaps around specific course sections or disciplines 211

versus a uniform distribution across the curriculum is consistent with the evidence of 212

larger systemic issues that research has been documenting for years in higher education. 213

Due to factors like systemic bias (12; 13; 15), unequal power structures (3; 5; 11; 13; 19), 214

conflicting cultural models (5; 13; 15; 17), and the internalization of expectations 215

(11; 12; 16; 20), PEERs are denied access to the same type of success as non-PEERS. 216

There are limits, however, to what these data can reveal about racial opportunity 217

gaps at an institution. To begin with, we did not incorporate student demographics 218

besides ethnicity, such as gender or first generation status, or prior academic 219

achievement when examining course section opportunity gaps. It is common practice to 220

control for various student characteristics when conducting similar analyses (5; 8; 19), 221

yet there are also many instances of utilizing raw score when institutions report these 222

data (5; 20; 25). We argue that not including student demographics and prior 223

achievement in an analysis model more accurately captures the student experience, as 224

undergraduates in a course do not consider their demographic characteristics or prior 225

academic achievement when considering their course outcomes relative to their 226

classmates. Similarly, future opportunities that reference a student’s academic 227

performance, such as graduate school admissions or job interviews, also consider only 228

the raw performance. Another limitation is that our analyses do not extend beyond 229

student institutional data, and thus do not consider course structures, classroom 230

practices, or instructor level characteristics. These are likely critical factors that impact 231

the presence of an opportunity gap, so it is important the future work enables us to add 232

these data to our models. And from an analytical perspective, since the distribution of 233

grades at the course section level tends to be skewed, we used two different tests to 234
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triangulate our results. This produces a conservative estimate of differences in 235

opportunity between PEERs and non-PEERs. Thus, we likely have identified only the 236

lower bound of opportunity gaps present across an institution. 237

By examining these data on an institutional level, we were able to identify 238

interesting and perhaps unexpected patterns. One is the finding that the presence or 239

absence of opportunity gaps within a given course for a given instructor were not 240

consistent. The majority of instructors in our dataset had some course sections where 241

an opportunity gap was present while other instructors where it was not. This perhaps 242

highlights the variability in instructor practices. While a considerable amount of 243

empirical data does not exist to support the idea of variability in implementation of a 244

single instructor’s practices, Owens et al. (26) demonstrated using classroom audio 245

analyzed by the Decibel Analysis for Research in Teaching (DART) algorithm that a 246

course section varies considerably from lecture to lecture in regard to the amount of 247

active learning implemented. It is not a stretch to assume that examining a given 248

lecture periods across distinct offerings of a course would result in variability as well. 249

While core structural and pedagogical approaches may remain the same for faculty, 250

their presentation, degree of buy-in sought from students, and communication around 251

course policies can still among iterations of a given course. 252

Another reason for variability in the instructor course sections may be due to 253

varying demographics of the course staff and students. For example, having a PEER 254

teaching assistant may increase belonging and decrease imposter syndrome. From the 255

student population perspective, while student demographic characteristics in our 256

dataset were fairly consistent from section to section, differences may exist that do not 257

manifest themselves as easily as ethnicity or gender, including non-cognitive factors like 258

sense of belonging or growth mindset (5–7; 11–13; 15; 17). And while we focused on the 259

percentage of PEERs in a course section, the total number of PEERs in a course may 260

create a higher sense of belonging (for example 2 PEERs in a class of 10 versus 20 in a 261

class of 100), so course enrollment may play a role as well (11; 12; 25). 262

We also found that the prevalence of opportunity gaps within an institution is not 263

consistent across STEM programs. This is reflected in prior work. For example, Yang 264

and Barth looked at the distribution of male and female students in STEM majors at 265

two different public universities, one in the Southeast and the other in the Midwest. An 266

analysis of 1,848 students showed that biology tends to have a larger representation of 267

women when compared to other STEM majors like computer science, engineering, 268

mathematics, and the physical sciences including physics, geology, and chemistry (27). 269

In another study, Riegle-Crumb and King utilized data from the Educational 270

Longitudinal Study (ELS) of 2002 to follow a cohort of approximately 15,000 students 271

who were enrolled in a 4-year degree-granting institution in 2006. They found that Black 272

males make up 28.5% of physical science/engineering majors while Black females make 273

up only 7.3% of physical science/engineering majors. Comparatively, biology is much 274

more gender balanced, with Black males making up 7.0% of majors and Black females 275

making up 8.6%. This trend holds true for white and Hispanic males and females (28). 276

And perhaps not surprisingly, our data revealed that lower division courses within a 277

given STEM major were more likely to exhibit opportunity gaps relative to upper 278

division courses. This is supported by considerable literature highlighting the 279

gatekeeper nature of lower division courses (5; 11–13; 15) and may also reflect that the 280

disproportionate loss of PEERs in these courses leads to a more homogeneous upper 281

division undergraduate population in terms of prior academic achievement. But it may 282

also be a factor of differing grading practices in courses of these two levels. The lower 283

division courses are more likely to use norm-referenced grading, where regardless of 284

overall achievement, a fraction of the course section is destined to earn a C or lower 285

(29–31). From the instructor and institution perspective, we would argue that there is 286
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not a pedagogically-beneficial reason to utilize distinct course policies for lower and 287

upper division courses, and plan to examine whether these are contributing to these 288

differing opportunity gap outcomes. 289

In the rapidly changing higher education landscape, the increased use of data in 290

higher education to evaluate successes and failures enables administrators to make 291

decisions in an empirical fashion. Our analysis can be replicated within one’s own 292

institutional context to show the persistence of racial opportunity gaps, but it is 293

important to note that it does not provide an explanation as to what is causing these 294

gaps. In our particular dataset, we highlighted exemplar instructors and departments, 295

with 139 instructors and 1 department without a significant Avg∆GP in their course 296

sections. By providing a way to identify these exemplar instructors and departments, a 297

more detailed, qualitative examination can help to better identify the practices and 298

policies that result in these more equitable outcomes. 299
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Fig 1. Histograms of the opportunity gaps between PEERs and non-PEERs per course
section at the instructor level. Histogram of the average grade point difference
(Avg∆GP) and the average difference in the percent of A and B grades given to PEERs
and non-PEERs (Avg∆%AB) of a given instructor’s course sections. The red line
represents the median on each plot.
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Fig 2. Boxplot of Avg∆GP and Avg∆%AB per course section for Department K.
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Fig 3. Histograms of the differences in grades (Avg∆GP and Avg∆%AB) given to
PEERs and non-PEERs per course section at the department level. The red line
represents the median on each plot.
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Fig 4. Boxplot of Avg∆GP and Avg∆%AB for Lower and Upper Division
Course Sections in Department K. Within each plot the lower division course
sections are displayed on the left and upper division course sections are displayed on the
right.
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Fig 5. Scatterplots of the differences in grades given to PEERs and
non-PEERs in lower and upper division courses at the department level.
The plot on the left is for department Avg∆GP and on the right is for department
Avg∆%AB. The red line (y = x) represents similarity in grades for lower and upper
division courses (points above the line represent departments that have larger
opportunity gaps in lower division course sections).
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