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Because students of color are underrepresented in undergraduate mathematics classes, their 
experiences are often ignored in studies drawing on large data sets or are inferred based on the 
experiences of other underrepresented populations, specifically women. This exclusion and 
misrepresentation of students of color is often attributed to methodological limitations. In this 
study, we reexamine the data studied for a previous analysis attending to student race and 
ethnicity rather than to gender. Due to the smaller numbers of non-white students, we utilize 
different analytic tools, and draw on students’ open-ended responses to a survey question asking 
about their experiences in Calculus I. In addition to adding to the literature on students from 
marginalized populations in undergraduate mathematics, this paper argues for a reframing of 
how we value papers with a small N, and what this value indicates about our value of the 
students making up the small samples.  
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A number of recent studies have been published that draw on a large data set to make 
strong claims about students’ gendered experiences in undergraduate mathematics (see e.g., 
Ellis, Fosdick, & Rasmussen, 2016; Laursen et al., 2011). In each of these studies, the 
researchers had access to the students’ race and ethnicity, but were unable to conduct the same 
statistical analyses differentiating by race and ethnicity as they did by gender because of the 
small sample of students from non-white populations. For instance, in discussing learning gains 
between the active learning courses (specifically Inquiry Based Learning; IBL) and non-active 
learning courses, Laursen and her colleagues (2011) state: “We could only compare [the learning 
gains of] white and Asian students, because the number of other students of color in our sample 
was very low (see Appendix A3)” (p. 55). Similarly, in a recent publication investigating factors 
related to students’ and instructors’ experiences in calculus: Hagman, Johnson, and Fosdick 
(2017) state: “We do not investigate the association between race or ethnicity and [opportunities 
to learn] due to the small proportion of non-white students and instructors in our study” (p. 5).  

Because of the underrepresentation of students of color in undergraduate mathematics 
courses, their experiences in these courses are made invisible in studies that draw on large data 
sets, or are inferred based on the experiences of other underpenetrated populations, specifically 
women. For instance, researchers use Laursen and her colleagues’ (2011) paper as evidence that 
active learning benefits students from “underrepresented” groups. As a prototypical example of 
this, Webb (2016) states: “Research has shown that undergraduate students who are involved in 
active learning techniques can learn more effectively in their classes, resulting in increased 
achievement and dispositions… particularly so for underrepresented groups (Laursen et al., 
2011)” (pp. 1-2). While Laursen et al. (2011) are able to make substantive claims about the 
benefits of IBL for women and typically low-achieving students, which are both 
underrepresented groups in STEM, these findings are being generalized to make claims about 
underrepresented students in general, which is often taken to specifically include students from 
underrepresented racial and ethnic minorities. 

While there are some studies about such students’ actual experiences in undergraduate 
mathematics (see Adiredja & Andrews-Larson, 2017 for a review of this literature), such studies 



are “limited [in] number” (Adiredja & Andrews-Larson, 2017, p. 451) and, due to the 
underrepresentation of such students in undergraduate mathematics, draw on a smaller data set 
and often employ qualitative methods. For instance, McGee and Martin (2011) studied the 
experiences of 23 Black mathematics and engineering college students, Levya (2016) studied the 
experiences of five Latin@ engineering college students, and Adiredja and Zandieh (2017) 
studied the experiences of 8 Latina’s in a Linear Algebra course. In comparison, Laursen et al. 
(2011) drew on survey data from 1,100 students and Ellis, Fosdick, and Rasmussen (2016) 
analyzed data from 2,266 students, with about 50% identifying as female in each study. 

Studies drawing on large data sets are viewed as more reliable and objective than studies 
drawing on smaller data sets, are able to use statistics to generalize findings, can seek to identify 
cause and effect relationships, and aid in testing hypotheses (Creswell & Clark, 2007). However, 
there are a number of issues that arise when considering a quantitative design in the study of race 
and ethnicity (Adiredja & Andrews-Larson, 2017; Teranishi, 2007). One such issue is simply 
that the sample size (and the population itself) of non-white populations may be too small in 
even very large data sets to utilize these benefits. Another issue, as Adiredja and Andrews-
Larson (2017) explain, lies in generalizing: 

 [G]eneralizability of findings from quantitative studies as a result of a large sample size is 
always in tension with their reliance on aggregate outcomes and averages. Attending to this 
tension means being mindful of the reality that the effects on each student in the study are 
not the same, despite the closing of any gap between groups…The use of averages 
unfortunately also has the potential to deemphasize any perpetuated inequities. (p. x).  

Taken together, these perspectives indicate that both quantitative and qualitative studies 
can be valuable as we seek to better understand students’ experience in undergraduate 
mathematics courses, especially understanding experiences of students of color. Qualitative 
studies are powerful in understanding the nuanced differences of such students, and are able to 
discuss the experiences of students as individuals rather than as groups. Quantitative studies are 
powerful in understanding the strength and prevalence of such experiences.  

Because students of color are underrepresented and their numbers are small, their 
experiences are often ignored or are inferred based on the experiences of other underrepresented 
populations, specifically women. This “exclusion and misrepresentation of [students of color] in 
education research” is often attributed to methodological limitations (Teranishi, 2007, p. 38). In 
this study, we reexamine the data studied for a previous analysis (Ellis, Fosdick, & Rasmussen, 
2016) attending to student race and ethnicity rather than to gender. Due to the smaller numbers 
of non-white students, we utilize different analytic tools, and draw on students’ open-ended 
responses to a survey question asking about their experiences in Calculus I. In addition to adding 
to the literature on students from marginalized populations in undergraduate mathematics, this 
paper seeks to argue for a reframing of how we value papers with a small N, and what this value 
indicates about our value of the students making up the small samples.  
 
Related Literature and Theoretical Perspective 
 In K-12 education, African American, Latin@, and Native students continue to be denied 
equitable access to a high quality mathematics education (Kitchen, Ridder, & Bolz, 2016), 
including high level mathematics courses (US Department of Education Office for Civil Rights, 
2016). This is problematic in higher education due to advanced mathematics courses frequently 
being used as gateways (pre-requisites) for college credit mathematics and science courses, as 
well as entrance and continuation in undergraduate mathematics and science courses and majors. 



This racialized disparity in K-12 mathematics education access directly and continually 
negatively impacts the numbers of students of color in higher education mathematics. 

Access to resources however represents only part of the marginalized experiences many 
students of color face in mathematics education. Students of color continue to face systemic 
racism and racialized negative narratives in mathematics classrooms (Anderson & Tate, 2008; 
Jackson, Gibbons, & Sharpe, 2017; Spencer & Hand, 2015). Despite the large and still-growing 
academic research and literature unveiling these disparities and systems of oppression, dominant 
mathematics education narratives continue to defend the “objectivity” of mathematics as a color-
blind discipline (Martin, 2013; Shah, 2017). While this color-blind narrative put forth in defense 
of the continued practice of marginalization of students of color has been challenged for many 
years (Gutiérrez, 2007; Martin, 2003; Nasir & Hand, 2006), the issue remains of low concern 
and priority in higher education, perhaps largely due to the continued low numbers of students of 
color in college mathematics courses. This underrepresentation, while itself an area of high 
concern, has set up those students of color who do gain access to college mathematics to have 
their experiences and even their entire presence often completely erased in research surrounding 
college/university mathematics education research. One significant contributor to this 
phenomenon is the practice of removing would-be outliers and/or subgroups within large data 
sets that have small Ns. 

The issue and outcomes of racialized invisibility (Haynes, Stewart, & Allen, 2016) in 
mathematics education research has been challenged and countered by two notable collectives or 
research, one housed in the socio-cultural theoretical framework (Boaler, 2008; Hand, 2010; 
Nasir, 2008; Stinson, 2008) and the other in critical theories (Gutstein, 2006; Leonard & Dantley, 
2002; Martin, 2009). Both approaches have made significant contributions toward challenging 
the dominant narratives and research practices that have worked to erase the presence and 
experiences of students of color in mathematics education, as well as to elevate the voices and 
experiences of students of color in mathematics classrooms. While these research endeavors and 
traditions have elevated the voices, experiences, and presence of students of color in 
mathematics education, the stigma of the small N remains a significant (albeit socially contrived) 
barrier for researchers (and their publication reviewers) in quantitative research. Little work has 
been done to look closely at and provide suggestions and guidance for quantitative researchers 
whose research involves large data sets and for whom students of color are not an expressed 
focal point. 

Leveraging the notion that the invisibility of students of color in mathematics education 
research has become a socially acceptable norm, along with the foundational premise of the 
sociocultural and critical theory research identified above that racial identity, racial experiences, 
and the presence of students of color in our classrooms are important and they should not be 
erased by any measures, including a methodological approach. Thus, we take a pragmatic 
approach to a re-analysis of the data from a previous study focused on persistence in calculus and 
gender (referred to as the gender-comparison study) with the goal of making an early 
contribution toward a re-thinking of how the undergraduate mathematics education research 
community makes its methodological decisions with consideration to students of color. 

Methods 
In this study, we conduct three analyses of the data coming from a 2010 survey of Calculus I 
students, with decreasingly coarse approaches. By doing so we seek to highlight the benefits and 
drawbacks of each approach, and take all three together to better understand the experiences of 
students of color in Calculus I.  



Background and Data Collection 
The data used for these analyses draws on a national data set made available by the 

Mathematical Association of America. This data was collected by surveys sent to Calculus I 
students at the beginning and the end of the course. Data used for this analysis comes from both 
surveys, focusing on demographic data, persistence data, and a reflective free response question. 
To determine students’ persistence in calculus, we use data from both the beginning and end of 
term surveys. Students are identified as Persister if they intended to take Calculus II at both the 
beginning and end of Calculus I, and as Switchers if they originally did intend to and then no 
longer intended to by the end of Calculus II. For demographics, we rely on three questions: 
“What is you gender?”, with options given only as male and female, “What is your race? (Mark 
all that apply)” with options given White, Black, Asian, Pacific Islander, American Indian or 
Alaska Native, and Other (please specify), and “Are you of Hispanic origin?” with responses Yes 
or No. A new variable was created identifying the students’ race and/or ethnicity, where the race 
and ethnicity questions were combined. Students who wrote in a real race or ethnicity were either 
grouped with the most aligned category (for example, Puerto Rican students were identified as 
“Of Hispanic Origin”) and students who wrote in something other than a real race or ethnicity 
category were grouped together with the students who chose not to report their race or ethnicity 
(for example “human” or “race is a social construct”). Students who identified as multiple non-
white races and ethnicities were grouped together. The last question used in this study was a 
free-response question on the end of term survey, that asked students “Is there anything else you 
want to tell us about your experience in Calculus I?”. Table 1 illustrates the number of students 
from each race or ethnicity category in the large data set and in the free response data set. 

 
Table 1. Race and ethnicity for data used 
 Large Data Set FR Data Set 
Race or Ethnicity Number Percentage Number Percentage 
White and/or non-Hispanic/Latin@ 6674 68.2 348 67.0 
Non-white and/or Hispanic/Latin@ 2921 29.8 157 30.2 

Black 431 4.4 28 5.4 
Asian 1334 13.6 63 12.1 

Pacific Islander 70 0.7 3 0.6 
Native American or Alaska Native 107 1.1 11 2.1 

Of Hispanic origin 844 8.6 48 9.2 
Multiple non-white identities 135 1.4 4 0.8 

Race or ethnicity identity not listed 112 1.1 6 1.1 
Chose not to report 86 0.9 9 1.7 
Total 9793  520  

Data Analysis 
The first analysis is the coarsest, and attempts to mimic the analysis of the Ellis, Fosdick, & 
Rasmussen (2016) analysis as much as possible by grouping students into two race and ethnic 
categories: (a) White and/or non-Hispanic/Latin@ and (b) Non-white and/or Hispanic/Latin@. 
For this proposal, we conduct chi-square statistics to test if there are significant difference in the 
persistence in calculus between these binary categories of students. (Note: At the time of 
submitting this proposal the statistician involved in both studies is on maternity leave and is 
actually taking a break for work. We honor this break, and thus for this proposal the analyses are 



not as robust as they were in the initial analysis, nor as robust as they will be for the presentation 
of this study in February.) The second analysis is similar but disaggregates by race and ethnicity 
categories. The third analysis is the least coarse and draws on students’ free responses on the end 
of term survey. To analyze these responses, we draw on a thematic analysis conducted for a 
previous study (Ellis & Cooper, 2016).  

Results 

Analysis 1: Most Coarse 
The output variable used for the gender-comparison study was student persistence 

through the calculus sequence. In that study, we looked at the relationship between gender and 
student persistence, controlling for a number of factors that may be related, such as career 
intentions and previous calculus experience. Through that analysis, we found that female 
students were 50% more likely to be identified as Switchers compared to male students, after 
controlling for a number of factors. This result was very statistically significant, which we were 
able to test for because of the large number of students and, more specifically, the large number 
of students who identified as male (N=1,236) or female (N=1,030).  

For the first analysis in this paper, we attempt to mimic the above analysis as much as 
possible by identifying students as either white, non-Hispanic/Latin@ (N=2213) or not (N=864). 
In the data set used for this analysis (N=3077), we do not find a significant different between the 
persistence of white, non-Hispanic/Latin@ students compared to non-white or Hispanic/Latin@ 
students [X2 (1, N = 3077) = 0, p = .997]. We note that this result holds when students identifying 
as Asian are included with the white, non-Hispanic/Latin@ students. Among both groups of 
students, 19.6% of students were identified as Switchers. For reference, 14.5% of all male 
students and 25.3% of all female students were identified as Switchers. When looking at the 
intersection between gender and racial and ethnic identity, 26.1% of female, white, non-
Hispanic/Latin@ students and 23.8% of female, non-white or Hispanic/Latin@ students were 
identified as Switchers. 

Such a coarse analysis allows us to make claims about statistical significance and 
compare the findings to the gender-comparison analysis, but this comes at the cost of identifying 
all non-white, Hispanic/Latin@ students together. However, what this analysis does tell us is that 
generalizing the experiences of female students as a marginalized population in mathematics to 
students from racial and ethnic minorities in mathematics does not work, at least in this setting. 

Analysis 2: Less Coarse 
In this second analysis, we disaggregate by race and ethnicity identity. As shown in Table 

2, while we saw no numerical nor statistical differences in the first analysis, we do see numerical 
difference in the persistence rates among different race or ethnicity identity groups of students. 
However, due to the small sample sizes in some groups we cannot make any claims about the 
significance of these differences.  

This analysis shows that there are differences in the persistence rates among students in 
our sample with different race or ethnicity identities. The most drastic outliers from the general 
trend are students who identify as Native American or Alaska Native, with 27.9% of the 43 
students identified as Switchers, students who reported multiple non-white identities, with 36.4% 
of the 33 students identified as Switchers, and students who identify as Asian, with 17.3% of the 
398 students identified as Switchers. While these results are not statistically significant since we 
could not test the significance, they convince the authors that students from these populations are 



likely not persisting through the calculus sequence at the same rates as students from other racial 
or ethnic groups. 
 
Table 2. Persistence by race and ethnicity  
Race or Ethnicity Persister % Switcher % Total N 
White and/or non-Hispanic/Latin@ 80.4 19.6 2213 
Non-white and/or Hispanic/Latin@ 80.4 19.6 864 

Black 80 20 95 
Asian 82.7 17.3 398 

Pacific Islander 82.4 17.6 17 
Native American or Alaska Native 72.1 27.9 43 

Of Hispanic origin 80.3 19.7 249 
Multiple non-white identities 63.6 36.4 33 

Race or ethnicity identity not listed 82.8 17.2 29 
Chose not to report 83.3 16.7 24 

 
While the above analysis does not group all non-white and/or Hispanic/Latin@ together, 

it still problematically groups all Asian students together (Teranishi, 2007), for example. Also, 
while this analysis allows us to identify trends between the different racial and ethnic groups of 
students, we cannot identify the strength of these trends due to the small N. 

Analysis 3: Least Coarse 
In order to take a more nuanced look at students’ reports of their experiences in Calculus I 

and how this may relate to their race or ethnicity identit(ies), we rely on students’ free responses 
to the question “Is there anything else you want to tell us about your experience in Calculus I?”. 
Of the 9,793 students for whom we had race and ethnicity data, 520 provided responses to the 
open-ended question. These responses were analyzed using thematic analysis (Clarke & Braun, 
2006), and was originally studied in order to explore the relationship between persistence and 
gender (Ellis & Cooper, 2016). The original two authors each coded subsets of 50 student 
responses to develop and refine codes. Affect was the most frequently used code, and was 
defined to include statements about “Student’s emotions, attitudes, and beliefs about (a) the 
calculus course, (b) mathematics, (c) themselves as learners.” (p. X). Each code was weighted 
with the values -1, 0, or 1 to indicate a negative, neutral, or positive connotation, respectively, 
and each student response was coded with as many codes as appropriate.  

In this section, we focus on student responses coded with Affect. White, non-
Hispanic/Latin@ students have similar frequency of Affect codes and a similar frequency of 
positive Affect codes when compared to non-white or Hispanic/Latin@ students, with around 
45% of responses from each group identified as related to Affect and around 42% of those 
comments coded as positive. However, among non-white or Hispanic/Latin@ students there are 
differences within the race or ethnicity identify group – for instance, of the 28 responses from 
Black students, 57% were coded as related to Affect but only 37.5% of these were coded as 
positive. While these numbers are too small to make generalizations, they do inspire curiosity 
among the authors to better understand the experiences of the students in our sample who 
provided open-ended responses. We highlight a few of the responses from students who identify 
as Native American or Alaska Native and students who reported multiple non-white identities 
because of the higher Switcher rates in the second analysis. We also highlight responses from 



Black students due to the high number of responses coded as Affect but the low number of those 
responses identified as positive. 
 

This class made me lose my love for math. The teacher was absolutely awful. I had to learn 
it on my own, and books were not efficient enough to do so.  The tutoring program available 
is a complete and total waste of time unless you wait in there four hours for the two tutors 
available to help you. Thank you [University] for such a terrible academic standard of 
professors. – Male Switcher; Native American or Alaska Native 
 
The class was extremely helpful for trying to further investigate modern mathematical 
applications. The instructor was genuinely concerned with the students' success, and I 
thought highly of him and his methods of teaching unfamiliar material. – Male Persister; 
Native American or Alaska Native 
 
Although the material for Calculus 1 was the same in both high school and college, I had 
much more trouble learning the concepts this year in college than I did in high school. I do 
not know if that was because my high school teacher taught in a way that I could better 
understand the concepts; I do know, however, that I did much better in Calculus 1 in high 
school than in college. – Female Switcher; Asian and Puerto Rican 
 
This Calculus I experience made me dislike Calculus greatly. I found myself confused and 
lost throughout most of it. My peers had to constantly reiterate what the professor taught in 
class and I still did not understand. – Female Switcher; Black  
 
I had a great experience. It was much more fulfilling, satisfying, and doable than I had 
thought it would be. – Female Persister; Black  

 
The above quotations are presented to help give student voices to the quantitative data. They do 
not allow us to generalize student voices, to learn how prevalent these voices may be, or how 
they compare to white voices. Instead, they help to answer the call put forth by Adiredja and 
Andrews-Larson (2017): “While our ability to conduct quantitative analyses with large sample 
sizes may be limited, we can still highlight and prioritize the experiences of these students in 
research” (p. 459). We position these responses as examples of the kinds of powerful differing 
voices that can be erased when traditional small N decisions are made. In other words, the results 
are not the trends in what was said, but show that meaningful things were said that indicate 
racialized experiences exist and should not be erased.  

Brief Discussion 
The goal of this paper is to bring attention to the normative practice in our community of 
ignoring the experiences of students of color in our quantitative studies. While our qualitative 
colleagues work to richly understand and document the experiences of students of color in our 
undergraduate classes, and while we eagerly wait for the representation of students of color to 
increase in our classes and in our data sets, we must challenge and overcome the stigma of a 
small N. This paper indicates that the experiences of students of color are (a) different from the 
experiences of women, (b) not all the same, and (c) are more complex that statistics can indicate.  
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