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ABSTRACT Research has shown that undergraduate research experiences can have 
substantive effects on retaining students in science, technology, engineering and 
mathematics (STEM). However, it is impossible to provide individual research experi
ences for every undergraduate student, especially at large universities. Course-based 
undergraduate research experiences (CUREs) have become a common approach to 
introduce large numbers of students to research. We investigated whether a one-semes
ter CURE that replaced a traditional introductory biology laboratory course could 
increase retention in STEM as well as intention to remain in STEM, if the results differed 
according to demography, and investigated the possible motivational factors that might 
mediate such an effect. Under the umbrella of the Authentic Research Connection (ARC) 
program, we used institutional and survey data from nine semesters and compared 
ARC participants to non-participants, who applied to ARC but either were not randomly 
selected or were selected but chose not to enroll in an ARC section. We found that 
ARC had significant effects on demographic groups historically less likely to be retained 
in STEM: ARC participation resulted in narrowing the gaps in graduation rates in STEM 
(first vs continuing-generation college students) and in intention to major in STEM 
[females vs males, Persons Excluded because of Ethnicity or Race (PEERs) vs non-PEERs]. 
These disproportionate boosts in intending STEM majors among ARC students coincide 
with their reporting a greater sense of student cohesiveness, retaining more interest in 
biology, and commenting more frequently that the course provided a useful/valuable 
learning experience. Our results indicate that CUREs can be a valuable tool for eliminat
ing inequities in STEM participation, and we make several recommendations for further 
research.

KEYWORDS undergraduate research, CURE, STEM retention, introductory biology 
laboratory

M ultiple studies show that a large percentage of undergraduate students who 
initially intend to major in a science, technology, engineering, or mathematics 

(STEM) discipline do not finish with a STEM degree (1–3). Although the most recent 
compilation of statistics indicates that switching from STEM to non-STEM majors 
declined from 1991 to 2011, many students who enter university intending a STEM 
major still do not finish with a STEM degree (4). Additionally, the attrition rates among 
demographic groups with historically lower representation in STEM continue to be 
higher than those of overrepresented groups: more women than men leave STEM during 
their undergraduate career (4). Black, Latinx, and Native American students had lower 4-, 
5-, and 6-year undergraduate completion rates in STEM compared to Asian American and 
white students (5). Bettencourt et al. (6) found first-generation students were less likely 
to complete a STEM (or a non-STEM) degree compared to students who had at least one 
parent with a college degree.
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In their landmark study “Talking About Leaving,” Seymour and Hewitt (7) documen
ted 24 issues that students identified as contributing to their decision to switch from 
STEM majors, and these issues were also of concern to students who persisted in 
STEM majors. Two decades later, students reported the same issues, but the average 
number of concerns reported by switching students increased from 4.2 to 12 (8). A little 
over one third of those issues reference negative aspects of students’ STEM classroom 
experiences, while some others include financial issues, loss of confidence, loss of 
subject interest, competitive STEM culture, difficult transition to college, and inadequate 
high school preparation (8). Furthermore, these factors accumulate and often interact 
with demographic traits which make a more complex and nuanced explanation of 
how/why students leave or persist in STEM. For instance, Canning et al., (9) documented 
that first-generation students’ perceptions of their STEM classroom as highly competi
tive correlated with more frequent intentions to drop the STEM course compared to 
continuing-generation students with the same competitive assessment.

One of the solutions to increase STEM retention with demonstrated success is early 
participation in research (10, 11), but typically, low faculty-to-student ratios limit the 
number of individually mentored research projects available to a small fraction of 
students. The financial cost per student in many instances also prohibits offering such 
research experiences more widely. Course-based undergraduate research experien
ces (CUREs) provide a more scalable way to offer undergraduate students research 
experience. CUREs as defined by Auchincloss et al. (12) have become widespread among 
universities as a means of introducing STEM students to the process of “real science” (13–
16). Furthermore, due to their scalability, CUREs can be more inclusive to help increase 
the numbers of historically underrepresented groups in STEM (17, 18).

The most direct way to assess CUREs’ impacts on STEM persistence is to compare 
graduation rates in STEM for students who had a CURE experience with those who did 
not. The few studies taking this approach are positive (19, 20; Supplement 1), as are 
results from shorter term assessments that ask students about their intended major pre- 
and post-CURE (17, 21; Supplement 1). However, limited data have addressed the impact 
of demographic identity with CURE experiences and, therefore how CUREs might reduce 
gaps in STEM participation..

In addition to trends in STEM majors, it is important to understand how CUREs 
mediate students’ decisions to stay in STEM. At the time we began our study in 2015, 
several proposed frameworks for evaluating the short- and long-term effectiveness of 
CUREs had been published based upon previous studies and the wider literature on 
learning theory assessment and psychology instruments (12, 22, 23). Broadly catego
rized, the models coalesce on measuring students’ self-efficacy, attitude/motivation, 
and science identity/sense of belonging to a science community as key outcomes. A 
number of studies have shown increases in one or two of these motivational factors 
with participation in CUREs (16, 18, 24–30; Supplement 1), but few have considered their 
relative importance.

In this study, we tested the hypotheses that participation in a semester-long CURE 
would lead to higher graduation rates with a STEM major, increased intention of a 
STEM major, as well as changes in student motivation and perception of the classroom 
environment, with particularly strong impacts on groups historically excluded from 
STEM. To determine student motivation and perception, we drew from published survey 
instruments to construct a tool for assessing effort belief (31) and laboratory confidence 
(24) as measures of self-efficacy; maintained subject interest (31, 32) and perceived 
usefulness and importance (33) as measures of attitude; and student cohesiveness as 
a proxy for science identity (34, 35). We also included intellectual accessibility (33) as a 
proxy for both self-efficacy and attitude. We ask the following:
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1. Did students who participated in a semester-long CURE in an introductory biology 
laboratory course graduate with STEM degrees at a higher rate than students in a 
traditional laboratory course and does this depend on demography?

2. Did students in the CURE biology laboratory remain intent on or decide on a STEM 
major by the end of the semester at a higher rate than students in a traditional 
laboratory course and does this depend on demography?

3. Did students’ self-reported attitude, self-efficacy, and perceptions of the classroom 
environment differ between a CURE and the traditional laboratory course and 
among demographic groups? How do any differences relate to the graduation and 
intended major data?

METHODS

A comprehensive description of the methods, including statistical approaches, can be 
found in Supplement 2.

The course

Biology 173 is a two-credit laboratory course required for all biology majors at the 
University of Michigan Ann Arbor campus (UM), as a prerequisite for many upper-level 
laboratory courses, and for non-majors planning to apply to medical school. Approxi
mately 1,500 students enroll in it every year, most of them during their second year. 
We recruited biology faculty to design and teach sections of Bio 173 as a CURE, with a 
semester-long research project based on their own laboratory’s research topics, which 
we refer to as streams. Thus, the CUREs in our study were novel and designed to 
contribute to the faculty members’ research programs. (For a detailed description of 
course format and research streams, see Supplement 2.)

Student participation

We advertised the research streams under the umbrella of the Authentic Research 
Connection program (ARC), directing students to the ARC website and application link. 
We randomly selected from the pool of first- and second-year student applicants to fill 
75% of available seats and then randomly selected from the entire applicant pool to fill 
the remaining seats, with some exceptions as noted in Supplement 2. In every semes
ter except winter 2015, more students applied than the streams could accommodate. 
Students who applied but were not selected or who were offered a spot but did not 
enroll in the research streams for any reason we designate as “non-participants” and 
differentiate in the analyses from non-applicants, i.e., students who did not apply to 
ARC streams. The non-participants serve as the comparison group to ARC participants to 
account for any self-selection bias or other differences between students who applied to 
ARC versus those who were not interested or aware of the option.

Surveys

Beginning in Fall 2015, we surveyed all students enrolled in Bio 173 during the first 
2 weeks (pre-semester) and final 2 weeks (post-semester) of the course. Requests to 
participate and informed consent for participation in the surveys were conducted in 
accordance with institution norms and under approval by the University of Michigan 
IRB (study ID HUM00094780). In addition to asking for demographic data and intended 
major, we asked students about five motivational factors and one classroom environ
ment factor, as described in more detail in (30) and Supplement 3.
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Graduation in STEM

We searched university records to find all students who had applied to participate in 
ARC for fall 2015 and onward and had graduated as of May 2020 and recorded their 
majors and degree awarded. As the non-applicant group for graduated students, we 
used students who took Bio 173 in fall 2015 but had not applied to ARC. We used the US 
Department of Education Classification of Instructional Programs codes STEM Desig
nated Degree Program (https://www.ice.gov/sites/default/files/documents/stem-list.pdf, 
accessed 3/30/2021) list to classify students as obtaining a STEM or non-STEM degree, 
with exceptions as noted in Supplement 2.

Data analysis

We categorized students into streams as denominated in Table 1. In some cases, the 
ARC streams were lumped for analysis because of small sample size. For demographic 
variables, we classified gender as male or female (too few students used a nonbinary 
descriptor for statistical analysis); ethnicity as Persons Excluded because of their Ethnicity 
or Race [PEER, defined as persons who identify as Black or African American, Latinx, 
or Hispanic and peoples indigenous to the US and its territories (36)] or non-PEER; 
and parental college history as first generation or continuing generation. All statistical 
analyses except the two-way and three-way tests of independence were conducted in 
the R environment using R studio (RStudio Team, 2020). For all analyses, sample sizes 
were too small to examine the interactions among the demographic groupings such 
as gender × ethnicity, even though those intersections are increasingly recognized as 
critical (4, 6).

To compare pre-semester intended majors with either post-semester intended major 
(STEM, other, undecided) or major at graduation (STEM, other, no degree), we first 
used two-way χ2 tests of independence to look for overall differences at each stage 
and among levels of each demographic grouping. We then used three-way log-linear 
analyses (G-tests) to examine how intended pre-semester and post-semester or actual 
majors depended on the interaction of demography and research stream.

For motivational and classroom environment factors, we calculated gain scores 
as a student’s mean post-semester score minus their mean pre-score. We ran multi
ple regression models with gain scores as the dependent variable and pre-scores, 
stream, demographic variables, the interactions of pre-score with stream and with each 
demographic variable, and the interactions of stream with each demographic variable as 

TABLE 1 Details of Biology 173 ARC (CURE) and regular sections during the study periodf

Stream of Biology

173 lab course

No. of semesters 

analyzed

Term and yr of

semesters offered

No. of 1st- and 2nd-year

student responses in 

analysis

No. of students graduated 

included

in degree analysis

CURE, Fly genetics 1 fall 18 24 0

CURE, Yeast evolution 2 win 18, win 19, win 20a 69 12

CURE, Human microbiome 9 win 15b, fall 15, win 16, fall 16, win 17, fall 17,

win 18, fall 18, win 19, fall 19c, win 20

509 393

Regular, Non-participant 9 fall 15, win 16, fall 16, win 17, fall 17, win 18,

fall 18, win 19, fall 19, win 20

322 178

Regular, Non-applicant 9 fall 15, win 16, fall 16, win 17, fall 17, win 18,

fall 18, win 19, fall 19, win 20

324d 455e

aThe emergence of the COVID-19 pandemic during the winter 2020 semester caused all courses to move to an online format halfway through the semester, so data from this 
semester were excluded from analysis.
bThe survey instrument was not developed and validated until the summer of 2015; thus, no survey data from winter 2015 exist.
cStudent cohesiveness questions were omitted from the post semester survey in fall 2019, which decreased the number of total responses for that factor only.
dSubset of responses randomly selected for analysis from the larger set (3,319) of all non-applicant survey respondents.
eAll graduated non-applicant students in the analysis were enrolled in Biology 173 in Fall 2015 semester.
fNon-participant describes students who applied to participate in ARC but were not offered a spot or did not enroll in an ARC stream. Non-applicant describes students 
enrolled in the regular course sections who did not apply to participate in ARC. Note that sample sizes for analyses are often slightly smaller than the numbers indicated here 
because of missing data from surveys on intended major or demography.
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the predictors. We then compared hierarchical models to determine the most parsimoni
ous, best-fit model.

Grades are thought to correlate positively with students’ perceptions of course quality 
and motivational factors. Therefore, ideally, we would have incorporated individual 
grades as a potential factor influencing survey results, along with stream and demog
raphy. However, we did not track individual grades during the study so were unable 
to explicitly account for grades. Instead, we obtained de-identified grade records with 
demographic data for all sections of Bio 173 from all semesters during the study period; 
analyses and results are described in Supplement 4.

Finally, we compiled the written comments from all post-semester surveys along with 
the stream and semester when they were made, using word frequency analysis in QDA 
Miner (Provalis Research, 2020) to refine an initial category list. We used the frequency 
analysis function in QDA Miner to determine the counts and percent frequencies of 
comments in each category for each stream and then performed two-way χ2 tests to 
compare frequencies of comments among the streams.

RESULTS

Throughout our analyses, we frequently found differences between non-participants 
and non-applicants, which affirms that differences existed between those students who 
applied to ARC and those who did not. Results for the non-applicants are shown in 
tables and figures, but we limit our discussion to the more appropriate comparison of 
non-participants and ARC participants, who all asked to participate in a CURE.

Graduation rates in STEM

Average graduation rate in STEM, regardless of participation in ARC, among students 
who enrolled in Bio 173 was high, although we also found previously documented 
demographic discrepancies in retention (Table 2). Overall, participation in ARC did not 
affect graduation with a STEM degree (Table 2). However, the lack of overall effects 
of ARC on graduation in STEM masks some interesting interactions of stream with 
demography on STEM majors. Most notably, for parental college history, more continu
ing-generation students than first-generation students obtained STEM degrees for all 
streams, but the gap was smaller for ARC participants than for non-participants (the 
significant three-way interaction; Fig. 1C). For ethnicity, more non-PEERs than PEERs 

TABLE 2 Results of χ2 tests on distribution of intended majors and degree types by demographic groups and by streams for students who had graduated as of 
May 2020a

Intended major Degree obtained

Group % STEM % Other % Undecided χ2 % STEM % Other % No degree χ2

Gender
  n = 708 Female 67 23 10 10.415 ** 68 30 2 12.270 **
  n = 329 Male 76 14 10 77 20 2
Ethnicity
  n = 103 PEER 66 24 10 1.235 62 34 4 5.645 0.06
  n = 934 Non-PEER 70 29 10 72 26 2
Family
  n = 143 First generation 70 24 6 4.358 61 32 7 26.597 ***
  n = 894 Continuing generation 70 20 10 73 26 1
Stream
  n = 405 ARC (CURE) 71 21 8 16.108 ** 72 26 2 6.761
  n = 178 Non-participant 78 16 6 77 22 1
  n = 455 Non-applicant 66 21 13 69 26 2
aARC is consolidated as a single stream due to small sample sizes in Yeast evolution and Fly genetics (12 and 0, respectively). Non-participant indicates students who applied 
to participate in ARC but enrolled in regular Bio 173, and Non-applicant refers to students who enrolled in regular Bio 173 but did not apply to ARC. Overall graduation 
rate in STEM among students who enrolled in Bio 173 was >70% and just 2% of all students did not complete their degree at UM. Demographic composition of graduated 
students was as follows: female, 68%; male, 32%; PEER, 10%; non-PEER, 90%; first generation, 14%; continuing generation, 86%. Asterisks indicate significance at 0.05 (*), 0.01 
(**), and 0.001 (***) levels. For marginally significant results, P-values are given.
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seemed to obtain STEM degrees for non-participants, but the gap disappeared for ARC 
participants (Fig. 1B). However, despite the apparently large effect size, the interaction of 
stream (ARC vs non-participants) with ethnicity (PEER vs non-PEER) was not significant, 
perhaps due to the small sample size (n = 14) of PEER non-participants. Gender did not 
influence effects of ARC on graduation with a STEM degree, although more males than 
females obtained STEM degrees for all streams (Fig. 1A).

STEM persistence before and after students’ introductory biology laboratory 
semester

Regardless of participation in ARC, this larger data set showed similar results to those for 
graduation for comparisons by gender and ethnicity, although results differed somewhat 
for parental college history (Table 3). However, participation in ARC often interacted 

FIG 1 Percentage of students earning STEM degrees. Statistical results indicate the significance of the three-way interaction 

between stream (ARC vs non-participant or non-participant vs non-applicant) and demographic group (A, gender; B, ethnicity; 

C, parental college) and degree (STEM vs non-STEM). Number of students in each group shown in parentheses. “No degree” 

students were excluded, and ARC shows all CURE streams combined due to small number of graduates from the Yeast 

evolution and Fly genetics streams. Significance levels: *P < 0.05, **P < 0.01, ***P < 0.001.
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significantly with demographic categories. For gender, at the beginning of the semester, 
the gap between STEM intended males and females was marginally larger for ARC 
students than non-participants (Fig. 2A), but by the end of the semester, the gender 
gap for ARC participants had narrowed while widening for non-participants, resulting in 
no significant difference (Fig. 2B). The ethnicity gap between STEM intended non-PEERs 
and PEERs was smaller for ARC students at the beginning of the semester (Fig. 2C) but 
narrowed even more, from 9 to 5 percentage points, over the semester, and remained 
significantly different from non-participants’ gap which went from 12 to 11 percentage 
points (Fig. 2D). For parental college status, no differences between ARC students and 
non-participants were found either pre- or post-semester.

Student motivation and classroom environment responses

To understand the relationship between students’ Bio 173 experience and STEM 
persistence, we analyzed changes between their pre- and post-semester responses on 
survey questions relating to the five motivational factors and one classroom environ
ment factor (Table S1). A positive gain score (post-semester score − pre-semester score) 
means an increase in the factor.

Analyses of variance (ANOVAs) indicated that pre-semester scores on the motivational 
factors often differed among demographic groupings and streams (Table S2). Females 
reported a greater interest in biology and rated its importance and usefulness higher, 
while males rated biology as more intellectually accessible and had greater laboratory 
confidence in pre-semester surveys. PEER and non-PEER students had similar pre-semes
ter scores for all factors. First-generation students began the semester less confident in 
their laboratory skills than continuing-generation students but did not differ in any other 
factor. We also found some differences in pre-semester scores among streams (Table S2).

We only included significant (P < 0.05) predictors in Table 4. Best-fit models explained 
23%–40% of the variance in the motivational and classroom environment factors (Table 
4). Pre-semester scores of all factors were highly significant predictors in the models; 
students with higher initial factor scores increased less over the semester in that factor as 
indicated by the negative value of the coefficients.

Surprisingly, overall, gain scores were negative for subject interest, effort belief, and 
intellectual accessibility (Table S1); gain scores were positive for laboratory confidence 
and student cohesiveness (Table S1). The regression models showed that variation in 
gain scores were at least partially explained by stream and demography. Focusing 

TABLE 3 Results of χ2 tests on distribution of intended majors pre- and post-semester by demographic groups and streams for first and second year studentsa

Pre-semester intended major Post-semester intended major

Group % STEM % Other % Undecided χ2 % STEM % Other % Undecided χ2

Gender
  n = 841 Female 74 14 12 7.227 * 74 16 10 11.287 **
  n = 359 Male 79 9 12 81 8 11
Ethnicity
  n = 101 PEER 71 12 17 2.548 76 13 11 0.197
  n = 1099 Non-PEER 76 12 12 76 13 11
Family
  n = 158 First generation 82 13 5 6.912 * 81 12 7 1.796
  n = 1042 Continuing generation 75 12 13 75 14 11
Stream
  n = 461 Human microbiome 75 16 9 26.808 *** 78 13 9 20.81 **
  n = 69 Yeast evolution 85 6 9 87 7 6
  n = 24 Fly genetics 92 4 4 83 4 13
  n = 322 Non-participant 80 9 11 79 12 9
  n = 324 Non-applicant 69 13 18 68 17 15
aDemographic composition of students was as follows: female, 70%; male, 30%; PEER, 8%; non-PEER, 92%; first generation, 13%; continuing generation, 87%. Asterisks 
indicate significance at 0.05 (*), 0.01 (**), and 0.001 (***) levels.
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on differences between non-participants and the three ARC streams, we found that 
stream was a significant predictor of students’ gain scores for all factors except effort 
belief and interacted with gender for intellectual accessibility and with ethnicity for 
laboratory confidence (Table 4). Students in the Human microbiome stream had greater 
increases in subject interest scores (less negative) compared to non-participants (base 
level for model). On the other hand, Fly genetics students had greater decreases in 
subject interest, intellectual accessibility, and importance and usefulness. In laboratory 
confidence, although Yeast evolution as a single factor showed a negative impact 
on gain scores, its positive interaction with ethnicity offsets the effect. Human micro
biome and Yeast evolution students both had smaller gaps in gains between PEER and 
non-PEER students in laboratory confidence relative to non-participants. Finally, all ARC 
streams showed greater gains in student cohesiveness compared to non-participants.

FIG 2 Percentage of students intending STEM majors by stream pre-semester and post-semester broken down by gender, 

ethnicity, and parental college history. Statistical results indicate the significance of the three-way interaction between stream 

(ARC vs non-participant or non-participant vs non-applicant) and demographic group (A and B, gender; C and D, ethnicity; 

E and F, parental college) and major (STEM vs non-STEM). Number of students in each group shown in parentheses. All ARC 

streams were combined due to small numbers of observations in sub-groups of Yeast evolution and Fly genetics. Significance 

levels: *P < 0 .05, **P < 0 .01, ***P < 0 .001, P-values written above bars for marginal results.
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Gender only significantly affected intellectual accessibility gain scores, with females 
showing smaller gains than males, and this disparity was greater for Yeast evolution 
(Table 4). Ethnicity impacted three of the factors: PEER student scores decreased more 
than non-PEER students in subject interest and effort belief but increased more in 
laboratory confidence. Also, a significant interaction between ethnicity and pre-scores 
in laboratory confidence shows PEER students with lower laboratory confidence at the 
beginning of the semester gained more than non-PEER students, but those with higher 
confidence at the beginning showed similar gains. Parental college history by itself 
had no effect on gain scores but did show a significant interaction with pre-scores in 
intellectual accessibility, where first-generation students with higher pre-scores gained 
less than continuing-generation students with high pre-scores, while gains for low 
pre-score students were similar between first and continuing generations.

Post-semester survey comments

χ2 Analysis across the four streams showed significant differences in every one of the nine 
categories of comments, so we then performed pairwise comparisons among streams. 
Non-applicants and non-participants did not differ significantly in their frequencies 
of comments in any category, indicating that non-participants did not form a more 
negative opinion of the regular course despite having applied to participate in an 
ARC section (Fig. 3). Compared to non-participants, Human microbiome participants 
made fewer complaints about grading, fewer negative comments about the instructor, 
the course overall, and about the work being tedious (Fig. 3). Conversely, they made 

TABLE 4 Regression coefficients for best-fit models predicting the change in factor scores pre- to post-semestera

Factor response variable

Subject 
interest

Effort 
belief

Intellectual 
accessibility

Importance and 
usefulness

Lab 
confidence

Student 
cohesiveness

Predictor variable ↓
Pre-semester score 0.509 *** 0.493 *** 0.639 *** 0.545 *** 0.814 *** 0.639 ***
Stream: HM (CURE) 0.326 *** 0.173 ***
Stream: YE (CURE) 0.594 * 0.284 ***
Stream: FG (CURE) 0.491 ** 0.312 * 0.238 * 0.234 P = 0.06
Stream: Non-applicant 0.173 ** 0.126 **
Gender 0.149 ***
Ethnicity 0.141 * 0.100 * 1.060 ***
Parental college
Pre-score × streams (all)
Pre-score × gender
Pre-score × ethnicity 0.196 **
Pre-score × parental college
Stream HM CURE × gender
Stream YE CURE × gender 0.332 *
Stream FG CURE × gender
Stream Non-applicant × gender 0.217 *
Stream HM CURE × ethnicity 0.383 *
Stream YE CURE × ethnicity 0.641 *
Stream FG CURE × ethnicity
Stream Non-applicant × ethnicity
Streams (all) × parental college
Adjusted R2 0.23 0.24 0.26 0.29 0.40 0.29
df/error df 11/1219 6/1224 12/1218 5/1225 11/1219 8/1142
aInteractions among the demographic variables and all three-way interactions were not tested. The base levels of the model were as follows: non-participant, female, PEER, 
and first generation. Positive coefficients indicate that the designated levels of the categorical predictor variables had a greater increase in score relative to the base. Key to 
streams and number of students in ( ): HM, Human microbiome (509); YE, Yeast evolution (69); FG, Fly genetics (24); Non-participant (314); Non-applicant (315). Significance 
levels: *P < 0.05, **P < 0.01, ***P < 0.001. Non-significant values not reported.
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more positive comments about the instructor and course overall and more frequently 
described the course as engaging/useful (Fig. 3). With only 25 student comments 
from the Yeast evolution stream, comparisons are less conclusive, but they made more 
positive comments about the instructor and marginally tended to make more positive 
comments about the course overall and less complaints about grading relative to 
non-participants. Interestingly, there were no negative comments about the instructor 
in either of the ARC streams and only a single negative comment about the graduate 
student instructor (GSI) in those streams. Too few comments were available for the Fly 
genetics ARC stream for statistical analysis.

DISCUSSION

Our study showed much higher degree completion rates and somewhat higher STEM 
retention rates at the University of Michigan Ann Arbor compared to national rates 
reported in references (1) and (5), although a lower STEM degree rate than participants 
in a three-semester-long CURE program at the University of Texas (19). We also note 
that a large majority of the students in our study were not in the first semester of 
their first year when enrolling in the introductory biology laboratory, so our sample 
population mostly did not capture those students who switch out of STEM in their first 
semester. Nevertheless, we found the same gaps in STEM retention between historically 
excluded demographic groups (women, PEERs, and first-generation students) and their 
overrepresented counterparts as other studies (4–6).

FIG 3 Relative frequencies of categorized survey comments by stream. All student comments in every stream were included. Significance levels indicate 

differences between Human microbiome CURE and non-participants (*P < 0.05, **P < 0.01, ***P < 0.001). Yeast evolution CURE had more positive instructor 

comments (P = 0.02), marginally more positive course comments (P = 0.056), and marginally fewer grading complaints (P = 0.07) than non-participants. 

Compared to the Human microbiome CURE, the Yeast evolution CURE had more positive comments about the GSIs and more comments about the laboratory 

being tedious. There were no significant differences between non-participant and non-applicant comments.
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When averaging over all students, our data indicate no or relatively small effects 
of participating in a one-semester CURE (ARC) on graduation with a STEM degree or 
intentions to major in STEM. However, this overall result masks important differences 
among demographic groups in response to ARC. For groups that are typically less likely 
to be retained in STEM, participating in ARC resulted in narrowing the gaps either in 
graduation rates in STEM (first- vs continuing-generation college students) or in intention 
to major in STEM (females vs males, PEERs vs non-PEERs). These disproportionate boosts 
in intending STEM majors among ARC students in those demographic groups coincide 
with ARC students overall reporting a greater sense of student cohesiveness, making 
more positive comments about the instructor and course, and in the Human microbiome 
stream, retaining more interest in biology and commenting that the course provided a 
useful/valuable learning experience.

Below, we explore these results and their implications in more detail and then discuss 
several important potential limitations of this study.

Interactions of demography and effect of CUREs

Our results suggest that the ARC CURE experience was most beneficial for students 
who have been historically excluded from STEM fields, specifically women and PEER 
students. We see that the gender gap existed pre-semester, consistent with the fact that 
women rated biology as less intellectually accessible than males did pre-semester, and 
gender was a significant predictor of gain score (males out gain females) even after 
taking pre-score into account. However, for ARC students, the gender gap on STEM 
intention narrowed, while widening among non-participants pre- to post-semester, 
indicating women in ARC were more drawn to STEM by the experience. As a possible 
explanation, all ARC streams were significant predictors of higher gain scores in student 
cohesiveness which is a measure of student cooperation and support. Seymour and 
Hewitt (7) noted several studies showing women prefer cooperative learning strategies, 
and they found, as did Hunter (8), that women more frequently mention the competitive 
culture in STEM classes as discouraging and a reason for switching majors. Furthermore, 
women more frequently mention instructor’s personal attention to them as important 
to their perception of good teaching (37), and PEER women in particular feel more 
comfortable approaching teaching assistants over professors for help (38). The fact 
that ARC streams had undergraduate instructional aides and a course liaison (usually 
a postdoc or technician from the instructor’s laboratory group) in addition to GSIs for 
laboratory sections may have resulted in women in ARC feeling more supported, which 
positively impacted their inclinations toward STEM. For example, a Human microbiome 
female participant wrote “I feel that it is important to mention that I didn't have the 
best experience with my GSI, as he was sometimes very condescending and not helpful, 
which inhibited a collaborative and open learning environment. Had the other GSI and 
professors not been so helpful and accommodating, I think that this particular experi
ence would have stayed with me and affected my choices of whether or not to enroll … 
in an additional [biology] course.” Loss of interest in the subject matter was a top 3 factor 
in students’ decision to leave STEM (8), and while this did not differ between men and 
women, students in the Human microbiome ARC maintained more subject interest in 
contrast to non-participants. For female ARC students, this maintained interest may have 
had an additive effect.

Although the difference was small, a higher percentage of PEERs than non-PEERs 
in ARC finished with STEM degrees, and the ethnicity gap in percent STEM-intended 
closed from pre- to post-semester for ARC students, indicating movement towards STEM 
for ARC PEERs. This appears contradictory to our survey results showing that PEER 
students overall experienced greater decreases in subject interest and effort belief over 
the semester compared to non-PEERs, factors which parallel some of the top reasons 
students give for switching out of STEM highlighted earlier in this paper. However, we 
also found that PEER students in ARC streams made greater relative gains in laboratory 
confidence (a measure of self-efficacy) compared to non-participant PEERs. The greater 
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student cohesiveness reported by ARC students maps to the long-term outcome of 
identifying as a scientist, which Estrada et al. (39, 40) found more highly correlated with 
scientific integration and STEM persistence, respectively, in a study of PEER students. A 
similar study of students of color majoring in STEM at a predominantly white institution 
documented peer group support as a main theme in those students’ explanations 
of their persistence in STEM (41). Additionally, Human microbiome students more 
frequently described the course as an engaging/useful learning experience, and students 
in both ARC streams more often made general positive comments about the course, 
which maps to making connections and greater student engagement, components 
associated with positive STEM course experiences. Thus, it appears these positive aspects 
of ARC offset the negative effects experienced by PEER students in subject interest and 
effort belief, leading them into STEM majors.

ARC’s impact on first-generation students is less clear. While the generation gap in 
STEM degree completion was smaller for ARC, no patterns emerged in the pre- and 
post-semester intended majors, and parental college did not predict gain scores for any 
of the survey factors. Previous studies have shown that first-generation students’ lower 
STEM retention relative to continuing-generation students is driven by different factors 
such as lower average family income, math scores, and high school preparation (6, 42), 
resulting in what Bettencourt et al. (6) term a “cumulative disadvantage.” Notably though, 
Stephens et al. (43) documented that, irrespective of intended major, first-generation 
students had more communal, interdependent motives for attending college, while 
continuing-generation students had more independent motives, and the independent 
culture of US universities presents another disadvantage for first-generation students. 
Participating in the Human microbiome CURE which ties into a larger research program 
with implications for human health may have reinforced these community-centered 
motives and thus increased the appeal of a STEM major. Consider the sentiment and 
use of plural pronouns in this comment from a first-generation student in the Human 
microbiome stream: “We’re, in a way, on the front line of this type of gut microbiome 
research - and it’s really exciting. The professors and GSIs are all really passionate 
about the coursework/research, and that makes it easy to be excited about class.” 
The greater sense of student cohesiveness reported by ARC participants, which aligns 
with communal values, may also be relevant for increasing STEM persistence among 
first-generation students.

Potential limitations and directions for future research

Where possible, we analyzed the research streams separately and found they sometimes 
differed in their comparisons to non-participants. We suggest these differences may 
be attributed to the fact that we only had data from a single, pilot semester of Fly 
genetics and the first two semesters of Yeast evolution, compared to nine semesters 
which did not include the first run for Human microbiome. In their debut semesters, 
Yeast evolution and Fly genetics experienced typical difficulties with first-run laboratory 
experiments which may have impacted student affect and comments about the course. 
Our inconsistent results (except for student cohesiveness) from the streams which only 
ran for one or two semesters further underscore the importance of conducting multi-
year studies before drawing conclusions about a program’s effectiveness.

One of the strengths of our study is that we randomly selected students to participate 
in the ARC sections from among those who applied, which allows us stronger inference 
about the influence of participation in a CURE than if all students self-selected into the 
CURE. However, not all students selected to participate in ARC ended up enrolling in an 
ARC section and we do not have data on the causes of this lack of participation. Thus, we 
do not have a fully randomized experiment. In addition, five semesters after the project 
began when we began to see clear benefits of participation, we started to admit all 
PEER students who applied into an ARC, increasing the social benefit of our program, but 
further reducing our ability to infer causality for this demographic group.
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Performing more quantitative validity tests, such as factor analysis [as explained in 
reference (44)], could reduce uncertainty that the motivation and classroom experience 
factors in our survey map directly to the broader constructs of self-efficacy, attitude, 
and science identity discussed above and, therefore strengthen interpretation from our 
regression analyses.

Another potential limitation is that we were unable to explicitly account for the 
impact of grade differentials between CURE and regular streams (see Supplement 4 for 
further discussion).

Finally, an important caveat is that uncontrolled-for differences in instruction may 
have impacted our results. Most switchers in “Talking About Leaving Revisited” listed 
poor STEM teaching and course design as contributing to their decision to leave STEM 
majors (8). In our study, students in the regular Bio 173 course more frequently made 
negative comments about the course, the instructor, and the GSIs and complained of 
unfair grading, high workload, and perceived disorganization. With an enrollment of 
over 700 students per semester, Bio 173 requires at least 15 different GSIs to lead all 
the laboratory sections, and they have very different levels of interest and experience 
in teaching, as well as varying expertise in the subdisciplines covered. In contrast, all 
instructors in the ARC streams, from the undergraduate aides to the faculty instructor, 
had experience and interest in the course research topic which they could transfer to the 
students. We have no way to isolate the effects of individual instructors’ teaching style 
and rapport with students but note that the trends we found are compiled from nine 
semesters of instruction, five different faculty course instructors, and dozens of GSIs and 
other classroom support personnel. In addition to quality of instruction, as noted above, 
ARC sections have more instructional staff for each section. While difficult and expensive 
to implement, future studies could control for experience, knowledge, number, and 
type of instructional staff. Alternatively, qualitative methods such as interviews with 
students would help validate results. Post exit interviews with those students who switch 
intended majors during the semester could provide especially salient information about 
how their course experience influenced their degree plans.

Conclusions

We found that a one-semester CURE led to increased STEM retention among demo
graphic groups who have historically been excluded, and this impact appears most 
strongly related to perceived greater student cohesiveness in the classroom, with higher 
maintained subject interest and finding the course engaging/useful also contributing. 
While previous students have shown that CUREs can increase retention in STEM, they 
have not tested for differential effects among demographic groups and thus that CUREs 
can help close the gap in representation in STEM. We suggest future studies include 
more questions measuring science identity/sense of belonging to explore its short-term 
direct and longer-term mediated impact. We also would advise researchers to focus on 
long-running CUREs for more reliable results. Greater control of quality of instruction 
between CUREs and regular sections would also be useful to strengthen inference about 
the mechanisms driving impacts of CUREs on STEM retention.
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