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Abstract
The authors examine the effects of undergraduate research
experiences on key steps in the path to medical school,
considering the case of an undergraduate research experience (URE) offered to first-year students that also might
influence performance in large introductory science courses. Using a historical dataset of 15,000 first-year students,
logistic and linear regressions were performed to better
understand the influence of early UREs on different measures of college success. Immediate effects of an early
URE on second-year course performance and very large
effects on second-year retention are demonstrated. There
also are delayed effects on taking the MCAT and medical
school acceptance. Results demonstrate the importance of
early UREs and their role in STEM student persistence.
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Is there a relationship between an undergraduate research
experience (URE) that takes place in year 1 or year 2
of a four-year course of study and success on the path
to medical school? Most advisers of students seeking
acceptance in a health sciences graduate program strongly
advocate for a significant amount of research experience.
UREs are but one part of an undergraduate’s experience,
and more evidence is generally needed to ascertain the
range of URE impacts on students (National Academies
of Sciences, Engineering, and Medicine 2017), even
though it is generally accepted that participating in a URE
positively correlates with a number of student outcomes
(Jones, Barlow, and Villarejo 2010; O’Donnell et al. 2015;

Stanford et al. 2015). Impact studies have generally
focused on the great majority of undergraduates who
experience authentic research as more senior students,
particularly summer immersion experiences. More recently, attention has shifted to extending UREs to beginning
students and to offering them during the semester, since
students are especially likely to struggle before the first
summer (Grabowski, Heely, and Brindley 2008; Jones
et al. 2010). Further, the effects of an early URE on the
large subgroup of premedical students—including how
URE participation might counter negative impacts of
their large, introductory chemistry classes—are not well
understood (Barr et al. 2009).

First Experiences in Research
At the University of Pittsburgh, First Experiences in
Research (FE-R), offered in spring 2004 and every spring
since, is designed for first-year students to learn about
and contribute to the ongoing research of a faculty member. Each undergraduate is part of a cohort that meets
for seven 50-minute workshops during the term and is
introduced to aspects of academic research. The primary
responsibility of each student is to devote five to ten hours
per week to the research project (amounting to one or two
credit hours). A prior report on the details of the program,
including retention rates, has appeared (Grabowski et al.
2008). Students are recruited during the fall term, prior to
acquiring any collegiate GPA. They prepare a resume and
are matched by the Office of Undergraduate Research,
Scholarship, and Creative Activity (previously the Office
of Experiential Learning) to faculty for interviews. Prior
to the end of the fall term, faculty members identify the
students with whom they will work in the spring. The
program continues to be popular among students, with
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enrollments over the last three spring terms (2015–2017)
averaging 329 and ranging from 285 to 373. One important aspect of FE-R is that it is not a summer immersion
project but rather a one-term authentic research experience
with defined scaffolding.

Methods
The starting dataset consisted of approximately 17,000
first-year students enrolled in General Chemistry 1 or General Chemistry 2 at some point between 2010 and 2016 at
the University of Pittsburgh. Demographics for the sample
are found in Table 1. The university provided students’
records and grades with identifying information removed
so researchers of this project would have no knowledge of
students’ identities, in compliance with information privacy laws. Provided records included demographics, SAT
scores, grades for all university courses, whether students
took the MCAT, MCAT scores, and whether they were
accepted at a medical school. A total of 1,376 students
took the early URE course between 2010 and 2016. There
was no access to the contents of the research experience
or, most saliently, information on whether the student’s
research experience was STEM-related. As the study
focused on STEM and medical school outcomes, a proxy
for the likelihood of STEM research was used: a student
who had taken at least two science classes (not including
math) by the end of the first year. Eighty-five percent of
students completed the early URE course in their first year
(used for analyses of effects on the second year), and 15
percent took the course in their second year (included for
analyses of end-of-degree outcomes).

Findings and Analysis
Performance during the Year after an Early URE
The authors first studied the effects of the early URE on
the following year (the course was offered in the spring).

Table 2 presents effects on several steps on the path to
medical school that are particularly salient in the second year of the undergraduate degree: whether students
re-enroll in the university in the semester following the
early URE (for their third semester); the overall GPA of
that semester; and performance in one of the most difficult courses of the premed student, Organic Chemistry 1,
which is generally taken for the first time in the second
year (either the third or fourth semester, so that a student
can apply to medical school at the end of the fourth or
fifth year of study). Reductions in number (N) in each
model result from students with missing predictors (e.g.,
SAT score). For binary outcomes the models are logistic
regressions, and for other outcomes the models are linear
regressions. In each case, the model takes into consideration successful completion of the early URE course
along with the key personal characteristics covariates
generally predictive of these outcomes and therefore possible confounding factors. Model variations that include
the full set of available personal characteristics covariates (e.g., high school GPA, parental adjusted gross
income, first-generation college status) produced similar
results, although with lower Ns due to higher levels of
missing data.
The first regression model shows the effect of taking an
early URE on third-semester retention. Results are presented as odds ratios (Szumilas 2010). The odds ratio of
an early URE indicates the odds that retention will occur
given exposure to an early URE. In comparison to several demographic factors and measurements of academic
achievement, undertaking an early URE was the strongest
predictor of third-semester retention. McFadden’s pseudo
R-squared indicated excellent fit of the model (Veall and
Zimmermann 1996). Even though most students are likely
to be retained into the third semester, students enrolled in
an early URE were 2.8 times more likely to be retained

TABLE 1. Student Sample Description
Variable

Indicator

Sex

Ethnicity

First experience in research

N

Percentage of
students

Female = 1

8,771

52%

Male = 0

8,227

48%

White = 1

12,068

71%

Asian = 1

2,419

14%

Black = 0

1,019

6%

Latinx = 0

579

3%

Other = 0

913

6%

Yes and STEM-related = 1

948

6%

13,963

94%

No or not STEM-related = 0
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TABLE 2. Immediate Outcomes of Early URE, Linear and Logistic Regression Models
Model 1

Model 2

Model 3

Model 4

Third-semester retention

Third-semester GPA

Organic Chemistry 1 grade

B or better in Organic
Chemistry 1

Odd ratios

p

Std. beta

p

Std. beta

p

Odd ratios

p

Early URE
(1 = yes, 0 = no)

2.81

0.002

0.06

< 0.001

0.07

< 0.001

1.52

< 0.001

z-SAT math

1.49

< 0.001

0.17

< 0.001

0.17

< 0.001

1.49

< 0.001

z-SAT writing

1.14

0.08

0.18

< 0.001

0.06

0.01

1.15

0.01

z-SAT verbal

1.07

0.37

0.01

0.20

0.08

< 0.001

1.13

0.02

White

0.99

0.91

0.07

< 0.001

0.07

< 0.001

1.18

< 0.001

Male

1.03

0.76

-0.10

< 0.001

0.06

< 0.001

1.88

0.01

Observations
Adj. R2

14,911
0.33

12,256
0.13

than students who did not have this experience, even after
controlling for other preexisting differences. To visualize
this relationship, SAT math scores (the largest academic
predictor of retention among these STEM-oriented students) were divided into three groups, in which the high
and low groups were defined by being more than one standard deviation above or below the sample mean, respectively. Figure 1 shows the relationship between probability
of retention into the third semester with or without an early
URE for each of the three SAT math levels. The SAT maximum score is 800, and the national mean is 500. Thus,
even the low group is relatively high compared to national
norms, reflecting selection effects of this research-oriented
university and the decision to pursue a STEM degree (as
shown by early enrollment in science courses). Although
there is a relationship in each of the three SAT subgroups,
the correlation of early URE with retention is largest at
lower SAT math levels; further, retention of the low SAT
group with an early URE is similar to retention of the high
SAT group without an early URE.
The second model examines the relationship of an early
URE with the third-semester GPA, controlling for the
same incoming characteristics. Although the model shows
a positive and statistically significant relation, the effect
is quite small (see Model 2 in Table 2). It may be that
the difficulty of courses attempted by students differed,
with students who felt less supported choosing to delay
or minimize the number of concurrent difficult courses.
Some courses, like organic chemistry, are quite challenging, whereas many elective courses and lab courses have

5,498

5,498

0.13

0.15

high course averages. In addition, quality of teaching
and grading curves can affect even sections of a difficult course. The third-semester benefit is found only in
students enrolled in a number of difficult courses that
semester, and overall the unaccounted-for variance in a
specific-semester GPA is likely to be large, further reducing the effect size.
The third and fourth models specifically examine whether
an early URE has a positive impact in Organic Chemistry
1, one of the more challenging courses of the premed track
and certainly among courses most commonly taken in the
second year. Model 3 in Table 2 shows the regression in
overall grade. Here, the SAT math score is the strongest
predictor of the Organic Chemistry 1 grade, but there is
a small, statistically significant positive effect of an early
URE. Since this chemistry course has little quantitative
reasoning, this strong relationship may occur because the
SAT math score is correlated with other abilities like spatial skills or with self-efficacy in chemistry. Premed students generally need to obtain at least a moderately good
grade in Organic Chemistry 1 to do well on the MCAT and
to have a high overall science GPA, and Model 4 represents the logistic regression for the probability of earning
a B or better in Organic Chemistry 1. Again, the SAT math
score is a strong predictor, but the correlation with pursuing an early URE is similar in magnitude. When visualizing the relationship of an early URE across different SAT
math levels (see Figure 2), there is a consistent increase
in achieving a B or better at all levels with exposure to an
early URE.
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Figure 1. Early URE Experience and Probability of Enrolling in
Third Semester within SAT Math Subgroups
100%

95%

Early URE

90%
No Early URE

85%
Low
(M = 511)

Medium
(M = 644)

High
(M = 764)

SAT Math
Note: Probabilities noted with standard error bars. Mean scores of each
SAT subgroup given in parentheses.

Probability of B or Better in Organic Chemistry I

Figure 2. Early URE Experience and Probability of Obtaining a
B or Better in Organic Chemistry 1 within SAT Math Subgroups

60%

40%
Early URE
No Early URE

0%
Low
(M = 535)

Medium
(M = 651)

High
(M = 765)

SAT Math
Note: Probabilities are noted with standard error bars. Mean scores of
each SAT subgroup are given in parentheses.

Relationship to the MCAT and Admission to
Medical School
To examine the correlation between an early URE and
eventual admission into medical school, students were
assigned a URE variable of 1 if they had enrolled in the
course in either the first or second year and a 0 otherwise
(approximately 15 percent of students taking the course
did so in their second year of enrollment). Students who
participate in an early URE are almost three times more
likely to take the MCAT test than those who do not (see
Model 5 in Table 3). However, having the early URE is
not a significant predictor of MCAT scores (see Model 6
16

Model 7 examines the relationship between an early URE
and acceptance into medical school. Since MCAT scores
are nonlinear predictors of medical school acceptance
(Albanese et al. 2003), MCAT scores were organized into
three groups, using thresholds of one standard deviation
above and below the national mean. SAT scores are not
included in Model 7 for both statistical (colinearity with
MCAT scores) and conceptual (inclusion of overall academic ability factors in MCAT scores) reasons. As Model
7 in Table 3 shows, there is an 85-percent increase in likelihood of admission to medical school for those with the
early URE. Figure 3 shows the correlation between having an early URE and being accepted into medical school
across all three MCAT levels. The early URE effect is
largest for students with average MCAT scores.

Conclusions

80%

20%

in Table 3) when including the demographic and academic
ability covariates. It may be that those students with lower
science GPAs simply drop off the pathway, and there is no
remaining effect of those who take the MCAT, or perhaps
later studying for the MCAT overwhelms the previous
(small) benefits of an early URE for difficult courses like
organic chemistry.
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This article makes two important contributions to the
literature. First, the authors demonstrate substantial immediate effects of an early URE, especially on second-year
retention but also for success in the very challenging
Organic Chemistry 1 course. Effects are especially large
for students with lower SAT scores. Second, delayed
effects of an early URE are found for last-step premed
students: students who participate in an early URE have a
significantly greater chance of being accepted when they
have an MCAT score close to the national average. This
has important equity implications. By allowing wider and
more equitable student access to this type of early experience, institutions can diversify the medical school applicant pool and accepted cohorts.
Allowing a larger group of students to take part in early
URE is of interest in any context in which training is funneled through a fixed limited-capacity gate, which occurs
in many areas of education (e.g., positions at selective
universities, in selective postgraduate programs, and in
competitive professional contexts). Increasing access has
an important impact at the systems level. Although the
total number of students admitted to medical school will
not change, reordering of admitted students may be important to the system. It is highly unlikely that the current
educational system does an optimal job of providing equal
opportunities. The research literature has documented
in great detail how skin color, parental income, parental
education, and geographic location influence educational
opportunities. More specific to the current topic, students
attending highly selective private universities have more
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TABLE 3. URE Relationship with Taking the MCAT, MCAT Score, and Medical School Acceptance, Linear and Logistic Regressions
Model 5

Model 6

Model 7

Likelihood of
taking the MCAT

MCAT score

Acceptance into
medical school

Odd ratios

p

Std. beta

p

Odd ratios

p

1.85

0.05

High MCAT score

6.11

< 0.001

Low MCAT score

0.02

< 0.001

Early URE (1 = yes, 0 = no)

2.92

< 0.001

0.02

0.53

z-SAT math

1.74

< 0.001

0.21

< 0.001

z-SAT writing

1.66

< 0.001

-0.10

0.20

z-SAT verbal

0.89

0.17

0.45

< 0.001

White

0.55

< 0.001

0.10

0.05

0.42

0.03

Male

1.46

< 0.001

0.20

< 0.001

0.18

0.01

Observations

9.327

Adj. R2

0.14

533
0.33

Probability of Acceptance into Medical School

Figure 3. Early URE Experience and Probability of Acceptance
into Medical School within MCAT Subgroups

100%

75%

No Early URE

25%

0%
Low
(M = 23)

Average
(M = 29)

0.21

as undergraduate research experiences), there is a need
for evidence that the financial and logistical costs are
outweighed by the benefits for students. It is hoped that
this report will lead higher education institutions and
administrators to make these opportunities more available
and equitable.
Although the analyses presented here are correlational in
nature, they did control for student characteristics that are
strongly predictive of success. Nonetheless, the addition
of experimental or quasi-experimental evidence would
supplement the current findings. This report also leads to
a further series of questions to be addressed in future work.
Do early URE participants complete more URE in total
than students who participate in URE in year 3 or year 4?
How do URE effects change by demographic factors such
as gender and race?

Early URE

50%

533

High
(M = 34)

MCAT Score
Note: Mean scores of each MCAT subgroup are given in parentheses.

access to undergraduate research opportunities (simply
by the ratio of undergraduates to research-active faculty),
making them more likely to gain acceptance to medical school. Therefore, these findings have overall equity
implications. For universities with fewer resources to
invest wisely in relevant educational experiences (such
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