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ABSTRACT

Research suggests there are potential benefits to students when taught by instructors
who share the same gender and/or race/ethnicity. While underrepresented students have
shown increased persistence and academic performance when they were taught by gen-
der- and/or race/ethnicity-congruent faculty, there is little research that has explored the
influence of matching for graduate student teaching assistants (GTAs). Given that science,
technology, engineering, and mathematics (STEM) GTAs spend a significant amount of
time with undergraduates, measurable impacts on student outcomes have the potential
to contribute to the success of undergraduates who have been underrepresented in STEM
fields. This study evaluated the effects on academic performance of GTA (n = 50) matching
for first-year students (n = 976) in an introductory biology lab course at a Hispanic-serv-
ing institution. There was no significant difference in academic performance for students
who matched with the gender, race/ethnicity, income, and first-generation status of their
GTAs. Results were consistent across multiple cohorts of students, after including statis-
tical controls for prior academic performance and other demographic characteristics and
accounting for the nested structure of the data. These results suggest there is a need of
supporting GTAs to develop more effective teaching practices and to consider effects of
GTA matching on other outcomes.
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positive interactions with faculty are correlated with increased
persistence and sense of belonging among female and URM
students (Hurtado and Carter, 1997; Maestas et al., 2007,
Johnson, 2012; Clark et al., 2016; Alcantar and Hernandez,
2020). Quality interactions between students and faculty are a
predictor of student learning for all race/ethnic groups and are
more impactful for students of color compared with White stu-
dents (Lundberg and Schreiner, 2004).

The frequency of student—faculty interactions varies depend-
ing on the race/ethnicity of the students and the type of institu-
tion. Colleges and universities may identify as serving specific
communities of students, depending on their histories, goals, or
student demographics. Historically black colleges and universi-
ties (HBCU) are institutions that were established before 1964
with the purpose of educating Black students (National Acade-
mies of Sciences, Engineering, and Medicine, 2019). Black stu-
dents at HBCUs are more likely to interact with faculty compared
with their Black peers attending predominantly white institu-
tions (PWIs; Hurtado et al., 2011; Nelson Laird et al., 2007). The
interactions may be due to students being able to find same-race
role models more easily at an HBCU than a PWI (Hurtado et al.,
2011), with more than 50% of faculty being Black at a HBCU
compared with less than 5% at a PWI (National Academies of
Sciences, Engineering, and Medicine, 2019). However, the
increase in student-faculty interactions does not apply to His-
panic/Latinx students at Hispanic-serving institutions (HSIs;
Nelson Laird et al., 2007; Hurtado et al., 2011). HSIs are defined
as institutions with at least 25% of full-time enrolled students
being Hispanic/Latinx (National Academies of Sciences, Engi-
neering, and Medicine, 2019). Hispanic/Latinx students at HSIs
interact with faculty comparably to Hispanic/Latinx students at
PWIs (Nelson Laird et al., 2007; Hurtado et al., 2011). While
there are more Hispanic/Latinx faculty at HSIs than PWIs, only
23-44% of all faculty identify as Hispanic/Latinx at HSIs
(National Academies of Sciences, Engineering, and Medicine,
2019), and less than 15% of STEM faculty at HSIs are Hispanic/
Latinx. The underrepresentation of minority faculty members is
of concern, as it may contribute to the reduced frequency and
quality of interactions between faculty and URM students.

Increasing the diversity of instructors may have a positive
impact on academic performance, confidence, choice of major,
and persistence, specifically when race/ethnicity or gender of
the instructors and students are congruent (Robst et al., 1998;
Bettinger and Long, 2005; Hagedorn et al., 2007; Hoffmann
and Oreopoulous, 2009; Carrell et al., 2010; Cotner et al., 2011;
Eddy et al., 2014; Fairlie et al., 2014). With more Latinx faculty
on campus, Latinx students perform better academically (Hage-
dorn et al., 2007). Having a URM instructor increases the likeli-
hood of URM students passing classes and reduces the minority
opportunity gap in community college courses (Fairlie et al.,
2014). Similarly, matching the gender of instructors and stu-
dents results in better grades in a course, and students are less
likely to drop the course (Hoffmann and Oreopoulous, 2009).
The gender gap is reduced when female students are taught by
female professors in math and science courses (Carrell et al.,
2010; Eddy et al., 2014; Bailey et al., 2020). With female
instructors, female students are more confident and more likely
to major in a given subject and persist into their second year
(Robst et al., 1998; Bettinger and Long, 2005; Cotner et al.,
2011). The potential benefits to students when instructors
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match their gender or race/ethnicity may be a result of instruc-
tors serving as role models; cultural synchronicity, wherein
sharing cultural backgrounds may increase culturally relevant
pedagogy; and higher instructor expectations for their students
(Villegas and Irvine, 2010).

The benefits of instructor matching may depend on a number
of student factors, including gender, race/ethnicity, discipline,
and year of study. The impact of female faculty on female stu-
dents’ persistence in science may be greater when there is a
lower percentage of female students enrolled in a course (Robst
et al., 1998). Depending on the discipline, female instructors
influence the likelihood of female students enrolling in a subse-
quent course; there is a positive effect in geology, mathematics,
and statistics and a negative effect in biology and physics
(Bettinger and Long, 2005). First-year students may perceive the
absence of role models as more of an issue and prefer mentors of
the same race/ethnicity or gender compared with older students
(Hartman and Hartman, 2008; Blake-Beard et al., 2011). It is
more important for female and URM students to have mentors of
the same gender or race/ethnicity, who provide increased sup-
port, compared with male and White students (Blake-Beard
et al., 2011).

In addition to faculty, the graduate student population rep-
resents a potential pool of role models or mentors for under-
graduate students. Graduate teaching assistants (GTAs) have
more opportunities to interact individually with undergraduate
students in smaller classroom settings compared with faculty in
larger lecture halls. GTAs are responsible for the majority of the
laboratory or discussion sections for biology courses at many
research universities and are typically the sole instructors for
their lab or discussion sections (Rushin et al. 1997; Sundberg
et al., 2005). Latinx graduate students at an HSI recognize and
feel a sense of responsibility to mentor Latinx undergraduate
students (Marin and Pereschica, 2017). An increased percent-
age of female and URM STEM graduate students is associated
with increased persistence of female and URM undergraduate
students (Griffith, 2010).

The impact of GTA-matching gender or race/ethnicity on
undergraduate student academic performance in STEM courses
is largely unknown. In a population of predominantly White
GTAs and White undergraduate students, gender or race/eth-
nicity of the GTA did not predict student learning in a labora-
tory course (Wheeler et al., 2017). However, it is unclear
whether female and/or URM students would benefit academi-
cally by being taught by GTAs who matched their gender or
race/ethnicity at an HSI.

This study addresses the following research questions:

1. How does the GTA population match the undergraduate stu-
dent population in terms of demographics (gender, race/
ethnicity) at an HSI?

2. Do students perform better in a biology laboratory course
when matched with one demographic characteristic of the
GTA? This question investigates the benefits of matching for
students of any gender and race/ethnicity.

3. More specifically, do female and Latinx students perform
better in a biology laboratory course when taught by gender-
or race/ethnicity-congruent GTAs? This question investi-
gates the benefits of matching in specific subpopulations,
including only females, Latinx, or Latina students.
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TABLE 1. First-year students’ demographics in percentages®

GTA Matching in Biology at an HSI

Fall 2014 Fall 2015 Fall 2016 Fall 2017
All STEM majors All STEM majors All STEM majors All STEM majors
(n=4279) (n=1574) (n = 4029) (n=1506) (M=5358) (n=1995) (n=4599) (n=1740)

Gender

Female 55 56 54 56 58 58 56 56

Male 45 44 46 44 42 42 44 44
Race/ethnicity

Asian 40 45 39 43 30 33 36 39

Black 4 3 3 3 3 3 3 2

Latinx 36 32 37 34 48 44 41 38

White 12 13 11 11 10 11 11 11

Other 8 7 10 9 9 9 9 10
First generation

No 45 47 47 57 38 41 47 50

Yes 55 53 53 49 62 59 53 50
Low income

No 55 58 55 58 49 51 56 59

Yes 46 42 45 42 57 49 44 41
aSource: Institutional Research Office.
MATERIALS AND METHODS GTA population. Other demographic information for under-

Institutional Background and Administrative Data

This study used undergraduate and graduate student adminis-
trative data from a large public university with a Carnegie basic
classification of Doctoral University: Highest Research Activity.
Participants were enrolled at an HSI (38% of the undergraduate
student population identifying as Hispanic or Latinx). All were
first-year students entering in Fall 2014, Fall 2015, Fall 2016, or
Fall 2017 (Table 1). On average, ~41% of the undergraduates
were Hispanic or Latinx and 37% of the first-year STEM majors
were Hispanic or Latinx. The study was approved by the institu-
tional review board (protocol number HS-19-090).

The data used in the study consisted of demographic infor-
mation of both undergraduate students and their respective
introductory biology laboratory GTAs. Demographic informa-
tion included gender and race/ethnicity. Gender and race/eth-
nicity were self-reported. Gender was categorized as: female,
male, nonbinary. Race/ethnicity data were categorized in the
following terms: American Indian/Alaska Native, Asian, Black/
African American, Hispanic/Latinx, Native Hawaiian or other
Pacific Islander, White, non-resident alien, unknown, multira-
cial. Due to the small sample size for students in the race/eth-
nicity categories reported in Table 1, American Indian/Alaska
Native, Native Hawaiian or other Pacific Islander, non-resident
alien, unknown, and multiracial were combined to create an
“Other” category. Multiracial referred to any combination of
ethnicities. Subdividing among multiracial resulted in a low
number of matches between undergraduates and GTAs. Simi-
larly, non-resident aliens and unknowns provided no additional
information to be able to match ethnicities between undergrad-
uate students and GTAs. Thus, undergraduate students and
GTAs categorized as multiracial (n = 97), non-resident alien (n =
17), or unknown (n = 27) were excluded from this study. In
addition, students who identified as American Indian or Alaska
Native (n = 1) and Native Hawaiian or Other Pacific Islander
(n = 3) were excluded from the study based on the small sam-
ples in each population and no chance of matching within the
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graduates included whether or not the student was a first-gen-
eration college student and whether or not the student was con-
sidered to fall within the low-income category. These variables
were used as covariates in the analyses. In addition to demo-
graphic information, academic information from undergradu-
ates such as prior academic performance as measured by the
Scholastic Aptitude Test (SAT) or ACT were included. If students
did not take the SAT but took the ACT, then their ACT scores
were converted to a scale similar to the scale used for the SAT.

We analyzed students’ course grades from an introductory
biology laboratory course during Fall 2014 to Spring 2018
quarters. Grades from the course were converted and analyzed
on a 4.0 scale (‘A/A+” = 4.0, ‘A-" = 3.7, “B+” = 3.3, etc.) to
allow for quantitative data analysis. Figures report grades as
categorical: ‘A’, “B”, “C”, “D”, and “F”. For example, in Figure 1,
the grade “A’ category includes ‘“A+”, “A’, and “A-". All academic
performance data were maintained by the administrative data-
base (not self-reported).

More specifically, this study included only undergraduate stu-
dents who were first-year freshmen, aged 18 and over, and tak-
ing the course for the first time. There were 14 undergraduates
(<1%) who enrolled in the course more than one time who were
dropped from the analyses. The reason for excluding these stu-
dents is that we could not isolate the impact of GTA match,
because each student had multiple GTAs for the same course. In
addition, the sample included only students who were majoring
in the life sciences (biochemistry; biology; entomology; neurosci-
ence; plant biology; cellular, molecular, and developmental biol-
ogy; microbiology; and undeclared in the life sciences; n = 976).

All undergraduates had experience with only one GTA in
their introductory biology courses. The GTAs (n = 50) were
included in the study if they taught the introductory biology lab-
oratory course at least once. All GTAs were full-time graduate
students pursuing doctoral degrees in the life sciences. All GTAs
were required to complete a 1-day, campus-wide TA orientation
that focused on the following topics: undergraduate resources;
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FIGURE 1. Grades in the introductory biology lab course by
gender. The percentage of male students who received an “A” or
“B" was greater than the percentage of female students. Fewer
percentage of male students received a “"C" compared with female
students. Male students, M = 2.54, SE = 0.04, performed statistically
higher than female students, M = 2.32, SE = 0.04; t(972) = 3.87,

p < 0.001. Note: Each grade includes “+" and “-". For example,

“A" includes a grade of “A”, “A+", and “A-". Gender information was
missing for two students. Course grades for these students were
not included.

responsibilities, resources, and rights of GTAs; rapport and diver-
sity; and organization, knowledge, and instruction.

Compared with undergraduate students, GTAs were more
likely to be male, t(88) = 8.48, p < 0.001, and White, t(88) =
19.54, p < 0.001, and less likely to be low income, t(88) =
—27.97, p < 0.001, or first generation, t(88) = 43.24, p < 0.001
(Table 2).

Introductory Biology Laboratory Course

All life science majors were required to take a series of three intro-
ductory biology courses. In the first quarter, the students were
required to enroll concurrently in two separate courses: a lecture
course and a laboratory course. Both of these courses were
focused on cellular and molecular biology. In each course,

TABLE 2. Percentage of undergraduate students (n = 976) and
GTAs (n=50)

Undergraduate GTA

Gender

Female 55 36

Male 45 64*
Race/ethnicity

Asian 52 28

Black 3 —

Latinx 33 12

White 12 60*
Low income 21 14
First generation 26 6

aExcluded due to low sample size (n = 1).
*p < 0.001.
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students received a grade that was independent of the other
course. The study focused on the laboratory course, because GTAs
were the only instructors interacting with students each week.

GTAs met weekly with an academic coordinator to discuss
the upcoming week’s lesson plan. GTAs were the sole instruc-
tors in the laboratory for 24 students per section, and each GTA
taught two sections per quarter. The laboratory course met for
3 hours once a week for 10 weeks. Students enrolled in a lab
section without any information about the GTAs assigned to
their sections. GTAs were assigned to their two lab sections the
week before classes started.

Each week, the cellular and molecular biology laboratory
course focused on one of the following topics: scientific method,
microscopy, diffusion and osmosis, spectrophotometry, enzy-
matic reactions, fermentation and respiration, transformation,
and polymerase chain reaction. Students worked in groups of
two to four students. In each lab, students completed a work-
sheet, which consisted of knowledge, comprehension, and
application-level questions. Summative assessments in the
course included three quizzes and a final exam, which consisted
of knowledge, comprehension, and application-level questions.

Student Performance by Gender. Figure 1 illustrates percent-
ages of undergraduate student grades in the introductory biol-
ogy lab course by gender. Overall, the percentage of male stu-
dents who received an ‘A’ or “B” (14 and 41%, respectively)
was greater than that of female students (7 and 32%, respec-
tively); whereas 36% of male students received a “C” compared
with 52% of female students. Males (M = 2.54, SD = 0.94) per-
formed statistically higher than females, M = 2.32, SD = 0.84;
t(972) = 3.87, p < 0.001. This pattern was consistent each year.

Student Performance by Race/ethnicity. Figure 2 illustrates
percentages of undergraduate student grades in the introductory
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FIGURE 2. Grades in the introductory biology lab course by race/
ethnicity. There were overall differences in course grades by race/
ethnicity, F(3, 972) = 5.44, p < 0.01. Based on Tukey's post hoc
comparisons, white students (M = 2.68, SE = 0.08) received
significantly higher grades than Black (M = 2.16, SE = 0.15, Tukey
HSD =5.43, p < 0.05) and Latinx (M = 2.33, SE = 0.05, Tukey HSD =
3.69, p < 0.05) students. There were no differences in grades for
White students compared with Asian (M = 2.44, SE = 0.04) students.
Note: Each grade includes “+” and “-". For example, “A” includes a
grade of “A”, “A+", and "A-".
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biology lab course by race/ethnicity. The percentage of White
students who received an A is greatest (18%) followed by Asian
(11%), Latinx (7%), and Black (3%) students. There were over-
all differences in course grades by race/ethnicity, F(3, 972) =
5.44, p < 0.01. Post hoc comparisons indicate that White stu-
dents performed statistically higher than Black (Tukey HSD test
= 5.43) and Latinx students (Tukey HSD test = 3.69).

Ordinary least-squares regression models were used to
determine whether students’ grades were related to GTA and
undergraduate matching in terms of gender, race/ethnicity, or
low-income or first-generation status. The models control for
the demographic and prior academic performance covariates
described earlier. Our variables of interest are dichotomous
variables that indicated whether students matched with their
introductory biology GTAs in terms of the different demo-
graphic characteristics. If there was a match, the students
received a score of 1. If there was no match, the student
received a score of 0. For example, a male undergraduate who
had a male GTA would receive a 1 for the gender match vari-
able. The same undergraduate might be Latinx and the GTA
would be White and the undergraduate would receive a score
of 0 for the match race/ethnicity match variable. These match
variables were created for each characteristic (gender, race/
ethnicity, low-income status, first-generation status) and
entered into the regression models separately. There were four
regression models: the gender match variable and covariates
predicting course grades; the race/ethnicity match variable
and covariates predicting course grades; the low-income match
variable and covariates predicting course grades; and a
first-generation status match variable and covariates predicting
course grades. We checked for assumptions of linearity,
homoscedasticity, and normality. We also checked for multicol-
linearity of the predictor variables by examining the variance
inflation factors (all values < 5 across all four models). These
data violate the independence assumption, because the obser-
vations are not completely independent. Students within the
same labs with the same GTA have more shared experiences
than students in a different lab with a different GTA.

The model-building process included trying to understand
the data in terms of differences by year, by quarter, by lab sec-
tion, by gender, by ethnicity, and so one, all of which were not
reported. For example, we ran random effects models like mul-
tilevel regression models, which was another approach to
account for the nonindependence of our level-1 units (students)
nested within lab sections. The different models that were run
are shown in Supplemental Table S1. The first model only
included the covariates (gender, ethnicity, low-income status,
first-generation status, SAT or ACT composite scaled score).
This first model showed that these variables alone (except for
the low-income covariate) were significantly related to grades
(which is consistent with prior research), and the R2 value with
only these variables was 0.05. The ethnicity variable was
dummy coded (Asian, Black, Hispanic, White) and only three of
the four dummy variables (Asian, Black, Hispanic) were
included (White was the reference group). The second model
only included the match-gender variable of interest, and this
variable alone (without any covariates) was unrelated to
grades. When we included the covariates and this variable of
interest (model 3), the R? value was 0.05, because it included
the covariates. We replicated this for the other variables of
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interest (match ethnicity, match low income, match first gener-
ation) in models 4-9.

All models accounted for this nested structure of the data,
with undergraduates clustered within the same lab section with
the same GTA using a cluster command in Stata (v. 16). The
decision to cluster on lab section rather than quarter or year
was based both on substantive and statistical considerations.
For example, we compared grades by year and found initial
differences, F(3, 972) = 6.77, p < 0.001. Post hoc tests indicated
that, although students entering in the Fall 2014 (M = 2.36, SD
=0.92), Fall 2015 (M = 2.37, SD = 0.84), and Fall 2016 (M =
2.31, SD = 0.91) had similar grades, students entering in Fall
2017 had higher grades (M = 2.64, SD = 0.85). To investigate
this further, we ran regression analyses separately for each year
and combined all of the years and included a dummy variable
for year. The results were the same, so we decided not to cluster
on year. We conducted a similar investigation to check for dif-
ferences by quarter. Instead of clustering on year or quarter, we
decided to cluster on lab section, because this reflects unique
experiences for students who were in a particular lab section for
a particular quarter and year. This clustering reflects substan-
tive similarities in the experiences of students in the same lab
sections with a particular GTA. In addition to determining how
to cluster the data, we also investigated other modeling
methods, such as hierarchical linear modeling (e.g., see
Raudenbush and Bryk, 2001). Given similar results, what is
reported are the most parsimonious models.

RESULTS

More than half of the undergraduate students and GTAs
matched in terms of gender (51%), but only 20% matched in
terms of race/ethnicity. Matching for low-income and first-gen-
eration status was 72 and 73%, respectively. Table 3 suggests
that performance in the biology lab course was higher for stu-
dents who matched their GTAs in terms of ethnicity, F(1, 974) =
4.64, p < 0.05, and first-generation status, F(1, 974) = 4.06, p <
0.05, compared with students who did not match in terms of
race/ethnicity and first-generation status. There were no differ-
ences in performance based on a gender match, F(1, 974) =
0.78, p = 0.38, or a low-income match, F(1, 974) = 0.78, p =
0.06, between students and their GTAs. In other words, stu-
dents who matched with their GTAs in terms of gender per-
formed similarly to students who did not match with their GTAs
in terms of gender. While not statistically different (p = 0.06),
there was a trend for students who matched with their GTAs in
terms of low-income status to have higher grades compared
with students who did not match.

The next step in the analyses used regression analyses to
compare academic performance that included the matching
variables (Table 3) and covariates (demographics, prior aca-
demic performance) and that accounted for the nested struc-
ture of the data. Although initial descriptive information sug-
gested no differences in course grades for matching in terms of
gender and low-income status; we ran regression models with
covariates to statistically test for all four matching characteris-
tics (race/ethnicity, gender, low-income status, and first-gener-
ation status; full results are provided in Supplemental Table
S1). Results from these separate analyses suggest that matching
demographics of undergraduates and GTAs was not predictive
of undergraduate students’ performance in a biology lab course
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TABLE 3. Descriptive statistics for course grades by matching variables (n = 976)

Match Not matched
n M SE n M SE F(1, 974)
Gender 508 2.44 0.04 468 2.40 0.04 0.78
Ethnicity 281 2.52 0.05 695 2.39 0.03 4.64*
Low income 678 2.46 0.03 298 2.34 0.05 3.62
First generation 704 2.46 0.03 272 2.33 0.05 4.06*
*p < 0.05.

(Table 4). The nonsignificant predictors and similar R? values
across all models indicate that these matching variables did not
explain the variation in biology grades.

To further explore which students had higher grades, we
focused on students who matched with their GTAs in terms of
different characteristics. Of those students who matched with
their GTAs in terms of gender (n = 508), there were differences
in course grades, F(1, 506) = 8.35, p < 0.01. Post hoc compari-
sons indicated that male students with a male GTA (M = 2.54,
SE = 0.05, n = 318) performed higher than female students
with a female GTA (M = 2.30, SE = 0.06, n = 190; Tukey HSD =
4.09, p < 0.05; Figure 3A). There were also differences in course
grades for those students who matched in terms of race/ethnic-
ity (n = 281), F(2, 277) = 7.61, p < 0.001 (Figure 3B). White
students with White GTAs (M = 2.87, SE = 0.09, n = 66) per-
formed higher than Asian students with Asian GTAs (M = 2.44,
SE = 0.06, n = 193; Tukey HSD = 3.46, p < 0.05) and Latinx
students with Latinx GTAs (M = 2.27, SE = 0.17, n = 22; Tukey
HSD = 4.87, p < 0.05). There were no differences in grades for
students who matched with their GTAs in terms of low-income
status, F(1, 676) = 0.01, p = 0.93 (Figure 3C), or who matched
with their GTAs in terms of first-generation status, F(1, 702) =
1.29, p = 0.26 (Figure 3D).

Female Student Performance when Matched

with Female GTAs

In this analysis, the models included all students. However,
course grades for students who matched with their GTAs in
terms of gender and ethnicity were different. To further explore
these findings for subgroups of students who are typically
underrepresented in STEM fields, we analyzed female and Lat-
inx students’ academic performances. As noted earlier, overall,
female students performed lower than male students; however,
we explored the potential added benefit or effect of having a
female GTA. For female students, there was no significant differ-
ence in performance for female students who had a female GTA
(M =2.30, SE=0.06) or male GTA (M =2.34, SE=0.05, t(534)
= 0.47, p = 0.64). In other words, a match in gender between
female students and their GTAs did not relate to higher perfor-
mance in the introductory biology course.

Latinx Student Performance when Matched

with Latinx GTAs

There was no difference in performance in the introductory
biology course for Latinx students if they had a Latinx GTA, M =
2.27,SE=0.17, or non-Latinx GTA, M = 2.34, SE=0.05, t(318)
= 0.35, p = 0.73. Thus, similar to females, Latinx students did
not have higher or lower biology course grades when they had
a Latinx GTA. To explore the impact further for Latinx students,
we focused specifically on the intersection of gender and race/
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ethnicity. There was no significant difference in performance for
Latina students who had a GTA with same gender, t(201) =
0.65, p = 0.52, or ethnicity, t(201) =-0.04, p = 0.97.

DISCUSSION

Although this study occurred in a structurally diverse institu-
tion, similar to STEM programs across the nation, the demo-
graphics of the sample of GTAs included in this study differed
from the undergraduate population. In this study, URM stu-
dents represented almost 35% of the undergraduate students
but only 14% of the GTA population. This is consistent with
other studies that have reported Latinx undergraduate student
enrollment is higher than Latinx graduate student enrollment
at HSIs (Garcia, 2017; Garcia and Guzman-Alvarez, 2019).
Similarly, the number of URM students earning bachelor’s
degrees in STEM is greater than the number earning doctoral
degrees in STEM (Estrada et al., 2016).

While increasing representation and success in advanced
STEM fields is an ongoing issue, one goal of this study was to
determine whether there was an impact on academic perfor-
mance for students where there was a match between the
demographics of the undergraduates and GTAs. For this partic-
ular sample, there were no significant relationships between
matching and performance in an introductory biology labora-
tory course. This finding is consistent with a study that con-
cluded GTA demographics were unrelated to students’ content
knowledge of chemistry in a population of predominantly
White GTAs and White undergraduate students (Wheeler et al.,
2017). The instructor-matching literature is limited in higher
education, and our study adds to this body of work, looking
specifically at GTA instructor level and underrepresented stu-
dents at an HSI.

Matching the gender and/or race/ethnicity of the GTA did
not translate to improved academic performance for female
and URM students. It is possible that the effects of instructor
matching may not directly influence the course grade. Instead,
it may positively affect other student outcomes, including
female and URM students’ confidence and persistence in STEM
(Cotner et al., 2011). Interestingly, when female students are
taught by a female GTA and a male faculty instructor, female
students exhibit increased confidence in critical thinking and
discussing scientific findings, but not in content knowledge
(Cotner et al.,, 2011). Students in this study concurrently
enrolled in the lab course along with a lecture course. In the
lecture course, students were taught by mostly male faculty
(65%), which may have affected their confidence in content
knowledge. Another possible positive outcome of GTA instruc-
tor matching may be related to persistence in STEM. With more
female and URM graduate students, there is an increased likeli-
hood of persistence for female and URM undergraduate
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FIGURE 3. Comparison of course grades for students who matched with their GTAs in terms of gender (A, n = 508), ethnicity (B, n = 281),
low-income status (C, n = 678), and first-generation status (D, n = 704). (A) Differences in course grades for students based on matching
gender with their GTA, F(1, 506) = 8.35, p < 0.01. Of students who matched with their GTAs, male students taught by male GTAs (M = 2.54,
SE = 0.05, n = 318) received higher grades than female students taught by female GTAs (M = 2.30, SE = 0.05, n = 190; Tukey HSD = 4.09,

p < 0.05). (B) Differences in course grades for students who matched with their GTAs in terms of race/ethnicity, F(2, 277) =7.61, p < 0.001.
Of the students who matched with their GTAs, White students taught by White GTAs (M = 2.87, SE = 0.09, n = 66) received higher grades
than both Asian students taught by Asian GTAs (M = 2.44, SE = 0.06, n = 193; Tukey HSD = 3.46, p < 0.05) and Latinx students taught by
Latinx GTAs (M = 2.27, SE= 0.17, n = 22; Tukey HSD = 4.87, p < 0.05). There were no differences in grades for students who matched with
their GTAs in terms of low-income status (C), F(1, 676) = 0.01, p = 0.93), or first-generation status (D) F(1, 702) = 1.29, p = 0.26). All data are

presented as mean * SE.

students in STEM (Griffith, 2010). Future research could
explore the effects of GTA instructor matching on other student
outcomes, including persistence and confidence of female and
URM students.

Instructor matching has been shown to be effective in ele-
mentary and secondary education based on the teaching
beliefs and practices of teachers of color (Villegas and Irvine,
2010). These studies suggest that teachers of color, in addition
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to sharing gender and/or race/ethnicity with students, typi-
cally have high expectations for all their students, develop
trust with their students, and practice culturally relevant/
responsive teaching (CRP; Villegas and Irvine, 2010). The
teaching practices of teachers of color contribute to the success
of their students of color. URM students do better when instruc-
tors implement student-centered teaching practices, such as
active-learning strategies, compared with teacher-centered
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TABLE 4. Summary multiple regression results (n = 976)?

Model 1 Model 2 Model 3 Model 4

B SEB B SEB B SEB B SEB
Match-Gender -0.03 0.07
Match-Ethnicity 0.05 0.07
Match-Low Income 0.03 0.07
Match-First Generation -0.14 0.10
F(8,119) 8.45* 8.67* 8.66* 8.56*
R? 0.05 0.05 0.05 0.05

2All models include student demographics (gender, ethnicity, first-generation status, low-income status) and prior achievement (SAT/ACT score).

*p < 0.001.

practices (Haak et al., 2011; Eddy and Hogan, 2014). Imple-
menting student-centered teaching practices and CRP requires
significant professional development (Morrison et al., 2008;
Henderson et al., 2011; Johnson, 2011). The professional
development provided to the GTAs in this study was minimal,
and GTAs were not exposed to CRP. Given their limited amount
of pedagogy training, it is likely the GTAs’ teaching beliefs and
practices were mainly teacher focused (Gormally et al., 2016;
Lee, 2019). The benefits of instructor matching for female and
URM students may be more salient when instructors practice
student-centered teaching and CRP.

Limitations

Racial/ethnic groups are often categorized using broad catego-
ries: White, Black, Asian, and Latinx. Within each racial/ethnic
category, many subgroups can be identified (Perez and
Hirschman, 2009). For example, Black may include students
who are African American, Jamaican, Haitian, and Nigerian,
among many others. Asian may include students who are Chi-
nese, Filipinx, Indian, Cambodian, and Hmong, among many
others. Latinx may include students who are Mexican, Puerto
Rican, Salvadoran, Colombian, and Venezuelan, among many
others. Studies have shown that student enrollment, classroom
engagement, and academic performance within the subgroups
are different (Nufiez and Kim, 2012; Cuellar, 2014; Ing and
Victorino, 2016). Additionally, given the cultural and identity
differences, it would be more accurate to match students and
GTAs along the subgroups to determine whether matching
demographics have an impact on student performance.

In this particular GTA sample, there was only one GTA who
identified as Black, who was excluded from the analysis. Addi-
tionally, there were only 31 Black undergraduate students
included in the analysis, all of whom were taught by a non-
Black GTA. Based on the limited number of Black GTAs and
undergraduate students, it was not possible to determine
whether GTA instructor matching had an impact on academic
performance for Black undergraduates. This highlights an
ongoing problem in the recruitment and retention of Black stu-
dents in STEM.

There were six Latinx GTAs included in this study. Even at an
HSI, it is unlikely that Latinx students will be taught by Latinx
GTAs in an introductory biology laboratory course. The sample
size was small for Latinx students who matched with Latinx
GTAs. Given the small sample size, we were unable to thor-
oughly investigate the impact of GTA instructor matching both
gender and race/ethnicity on Latina and Latino students. The
impact of matching remains unknown for Latina students
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taught by Latina GTAs and Latino students taught by Latino
GTAs.

There were no GTAs and less than 0.5% undergraduate stu-
dents who identified as nonbinary in the study, so we could not
determine whether GTA instructor matching for nonbinary stu-
dents had an impact on academic performance. The institution
does not collect data on gender-nonconforming or transgender
students. It is unknown whether GTAs would share their gender
identity with their students. Similarly, it is unknown whether
GTAs share their income status or being first generation with
their students. The impact of matching of gender identity and
low-income and/or first-generation status may depend on GTAs
sharing the information with students. It is also possible that
GTAs from nontraditional backgrounds may be more open and
strategic in creating inclusive classrooms. There is a lack of
research focused on the teaching beliefs and practices of GTAs
from nontraditional backgrounds.

Call to Action

This study evaluated the impact of GTA instructor matching in
first-year students majoring in the life sciences at an HSI.
Results suggest no improvement attributable to matching in
students’ academic performance in an introductory biology lab
course. More specifically, female and Latinx students did not
improve their course grades when taught by gender- and/or
race/ethnicity-congruent GTAs. As mentioned earlier, the
effects of GTA matching on Black, gender-nonconforming, non-
binary, and transgender students remains unknown. However,
to further evaluate the effects of GTA instructor matching,
future research should include a larger sample of underrepre-
sented GTAs across race/ethnicity and the gender spectrum.

In addition to a need for a more diverse graduate student
population, continued attention to the recruitment and reten-
tion of underrepresented students is critical. While researchers
have called for moving beyond structural diversity (Denson and
Chang, 2009), the “chilly” STEM climate that impacts under-
represented students needs to be eliminated (Seymour and
Hewitt, 1997), but this is not as simple as just putting more
underrepresented GTAs in the classroom or increasing the diver-
sity of the undergraduate population (Hurtado et al., 2010; Ong
et al., 2018). We need to improve how we teach students at all
levels, particularly GTAs who teach a large number of STEM
undergraduates. Though it is important to keep in mind that
pedagogical strategies may affect students differentially
(Aguillon et al., 2020), incorporating CRP and student-centered
strategies into GTA professional development may benefit
underrepresented students. Regardless of their demographic
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characteristics, it is important to develop and cultivate self-
aware and empathetic GTAs who are better equipped to imple-
ment pedagogical strategies and improve the classroom climate
(Dewsbury and Brame, 2019; Dewsbury, 2020). While female
and URM GTAs may already be acting as mentors and role mod-
els for female and URM undergraduate students (Ong et al.,
2011; Marin and Pereschica, 2017), the responsibility of creat-
ing inclusive classrooms should not be shouldered by only
underrepresented GTAs. All GTAs can learn how to improve
their teaching practices to positively impact on the student out-
comes of students typically underrepresented in STEM fields.
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