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Purpose: Many academic medical centers fund educational opportunities (pipeline pro-
grams) for students who are underrepresented in medicine (URM). However, there is
a sparsity of published literature on pipeline programs and an even smaller body of published
literature that investigates program effectiveness.

Methods: In a retrospective cohort study (n=12) of the Provost’s Summer Mentorship
Program-Medicine (SMPM), we evaluated students’ rating of program effectiveness, stu-
dents’ rating of the program’s impact on their mindsets, and SAT scores. Several program
mindsets, including sense of belonging (inclusiveness) in the health professions and connec-
tion to mentors in the medical field, reflect common barriers that prevent URM students from
pursuing careers in medicine as outlined in pipeline literature. We describe program effec-
tiveness using mean and median ratings of SMPM effectiveness, ratings of mindsets, and
SAT scores. We used Wilcoxon Rank Sum to assess pre and post program differences in
ratings of mindsets and SAT scores.

Results: SMPM was effective for learners. The overall mean rating for SMPM effectiveness
was 4.27. Mindsets for confidence, interest, sense of belonging, college mentorship, and
physician mentorship were statistically different from the start to the end of SMPM (p<0.05),
with mean improvement of about 34%, 41%, 44%, 180%, and 140% respectively. The mean
pre and post SMPM SAT scores as well as 4-month follow-up SAT mean scores were 713
(SD:155), 813 (SD:83), and 1058 (SD:147), respectively. There was a statistically significant
difference between all three SAT scores (p<0.05).

Conclusion: In addition to providing educational support, our pipeline program effectively
increased students’ sense of belonging in the medical field and their connections to physician
mentors, which are two common barriers for URM students who are interested in medicine.
Keywords: education, underrepresented in medicine, minority, socioeconomic status

Introduction

While Black, Indigenous, and people of color (BIPOC) are projected to comprise
a majority of our population by 2050, several racial/ethnic minorities, including
Blacks and Latinos, continue to be underrepresented in the physician workforce.**
Blacks and Latinos comprise only 5.0% and 5.8% of the physician workforce
compared to their representations of 12.8% and 18.4% in the general US popula-
tion, respectively.® Asians as a broader category are well represented, but certain
subpopulations, such as Southeast Asians (Laotian, Indonesian, Cambodian) con-
tinue to be underrepresented, comprising less than 1% of Asian medical students.
Additionally, individuals from low socioeconomic backgrounds are also under-

represented. Research from the AAMC shows that about a quarter of medical
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school enrollees reported parental income in the top 5% of
US households and students from families with incomes in
the lowest quintile make up 6% of medical students.” This
trend has not changed in the last three decades.” The term
Underrepresented in Medicine (URM) defines the afore-
mentioned groups. Underrepresentation of minority physi-
in Philadelphia. While
Philadelphia’s estimated population of 1,580,863 consists
of 42.6% Black, 14.1% Hispanic, and 0.4% American
Indian and Alaskan Native,®’ the total percent of URM
physicians in Pennsylvania was about 4.5% in 2014.*

cians is also seen locally

There are numerous reasons why demographic disparities
in medical school enrollees and the physician workforce
exist, one being inequality in educational opportunities and
resources that begin in early childhood and continue across
the lifespan.'® Of note school system inequalities are down-
stream effects of historical discriminatory policies and social
practices. The upstream legacies of income inequality, de-
jure and later de-facto segregation, redlining of neighbor-
hoods, and a public school system funded by neighborhood
tax revenue all factor into downstream inequality in school
systems.'' > For URM students, other commonly reported
barriers to matriculation and success in college and medical
school include lack of mentorship and training in non-
inclusive environments.'*'

Pipeline programs, which provide educational opportu-
nities via resources and mentorship to low-income and/or
BIPOC students, represent one part of the solution for
improving physician workforce disparities.'? At the
University of Pennsylvania, efforts to increase the percentage
of minority physicians have been underway for many years.
One pipeline program—the Provost’s Summer Mentorship
Program—is a month-long program comprised of five grad-
uate school-based pipelines including medicine, nursing, law,
engineering, and dentistry. All students are URM and attend
Philadelphia public schools. Since its inception in 2006,
about 255 out of 276 SMP alumni—from all five schools—
are either currently enrolled at or have graduated from
a postsecondary institution; 21 total SMP alumni are either
currently enrolled at or have graduated from the University
of Pennsylvania.'®

In our analysis, we present an overview of the Summer
Mentorship Program Medicine (SMPM) curriculum. We
examine the 2018 cohort of the SMPM (n=12). We do not
include additional analysis of prior cohort years because
metrics used to measure program effectiveness were not
collected. We found a paucity of literature with informa-
tion on pipeline curriculum and effectiveness. Our paper

adds to this small body of literature. In this paper, we
provide (1) an overview of the curriculum, (2) students’
rating of pipeline effectiveness, (3) impact on their mind-
sets and (4) SAT score improvements.

Methods
Study Design

We conducted a retrospective cohort study to determine
the preliminary effectiveness of our program intervention
using short-term outcomes of students’ rating of program
domains, students’ rating of the pipeline’s impact on their
mindsets, and SAT score improvement. We evaluated the
effectiveness of the pipeline program using the Donald
Kirkpatrick Model.

Participants

The University of Pennsylvania institutional review board
gave the research exemption status after it was determined
to be an educational quality improvement initiative.
Participants verbally consented to inclusion in the study.
Twelve students comprised the 2018 SMPM cohort and
participated in the study.

The Pipeline Program Intervention
We developed SMPM’s curriculum using the conceptual
framework of Kern’s six-step model of curricular develop-
ment consisting of identification of the problem with general
needs assessment, needs assessment for targeted learners,
goals and objectives, educational strategies, implementation,
and evaluation and feedback.'”'® The identified problem is
that a small percentage of URM students apply and graduate
from college, medical school, and residencies due to a variety
of structural societal barriers, which includes educational
disparity, lack of inclusive environments, and the absence
of mentors in medicine.'®'*!'” Consequently, there is a need
for educational interventions known as pipeline programs.
We determined the needs of our targeted learners—high
school students from Philadelphia public schools— in the
context of extreme educational disparities in Philadelphia’s
school system.'?2°

SMPM’s curriculum is comprised of six goals/objec-
tives: academic enhancement, career discussion with med-
ical students and physicians, health science lessons, direct
experiences with patients including medical procedures,
mentorship, and introduction to public health science
with community-based problem solving. We chose these
domains based on literature review of the most efficacious
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elements of pre-college enrichment
Educational strategies included didactic lectures and
opportunities for experiential learning.
Examples included lessons on the periodic table, cell biol-
ogy, and weekly SAT preparation. Students committed at
least one day a week to SAT preparation and took a pre-
and post SMPM SAT diagnostic exam. For career mentor-
ing, the students learned first-hand about the career paths
of prominent URM doctors and medical students at Penn.
Health science lessons involved lessons on diabetes and
hypertension, field trips, laboratory exercises in microbiol-
ogy, urinalysis, gross anatomy dissections, physical exam
and medical history-taking workshops, and CPR training.
Patient care and procedures included practice with laparo-
scopic surgery equipment, phlebotomy, and lumbar punc-
tures. Mentorship included shadowing physicians from
various sub-specialties. For public health and community-
based problem-solving, students developed solutions to
community-based health problems, which they presented
to their peers and parents at the program’s closing cere-
mony. The program was implemented in 2018 with sup-
port and funding from the University of Pennsylvania’s

Vice Provost Office and Perelman School of Medicine.

Data Collection

We analyzed data from the following sources: post-
program survey in which students used a Likert scale (1—
5) to rate activities and pre- and post-program mindsets,
pre and post SMPM SAT diagnostic, and self-reported
4-month post-SMPM SAT scores. Pre and post program
mindsets involved ratings of four different mindsets—con-
fidence in doing well in challenging science courses, inter-
est in becoming a doctor, sense of belonging in the health
professions, and connection to mentors in the medical
field. The last two mindsets have been identified in the
pipeline literature as reasons URM students who are inter-
ested in careers in medicine ultimately decide not to
become medical professionals.'” The SMPM pre and
post SAT diagnostics were administered during the pro-
gram and were given to us by the central summer mentor-
ship program office. Four-month follow up SAT scores
were voluntarily self-reported to us by the students.

Student Selection and Characteristics

Participants were selected from 50 applications with prefer-
ence given to underrepresented groups. Selection was based
on a rating system partly aligned with cumulative disadvan-
tage factors well documented in the literature to score and

choose applicants.?**> We collected disadvantage factors such
as race/ethnicity, gender, socioeconomic status, and high
school/college readiness index. The college readiness index
(CRI) is a score developed by US News and World Report that
assesses the effectiveness of a public high schools’ college
preparatory curriculum.?® All students in the cohort attended
public schools with very low CRI scores except for one.

All  students attended
Philadelphia public schools and were URM by socioeco-
nomic and BIPOC status (All below 130% of the poverty
line; 7 Black, 2 Latino, 3 Asian: 1 Cambodian, 2
Pakistani). 33% were male (4 Male, 8 Female). 58% (7)
submitted a letter of recommendation from a science tea-

were sophomores who

cher. All showed interest in the medicine pipeline and
ranked medicine amongst their top three pipelines with
75% (9) ranking medicine as their number one choice.
Table 1 displays baseline student characteristics including
GPA and pre-program mindsets rated on a Likert scale, 1—
5. Pre-program mindsets involved ratings of five different
mindsets—confidence in doing well in challenging science
courses, interest in becoming a doctor, sense of belonging
in the health professions, connection to college/medical
student mentors, and connection to physician mentors.

Success Outcome Measures and

Justification

We evaluated the effectiveness of the curriculum using
a validated and reliable model, named Donald
Kirkpatrick’s

intervention.”” Kirkpatrick’s model includes Level One:

model for evaluating an educational

Table | Baseline Characteristics of Program Participants”

Advances in Medical Education and Practice 2021:12

Variable Mean Median

(SD) (IQR)
GPA 3.50 (0.68) | 3.84 (0.43)
Pre-program Mindsets (Likert scale 1-5:
I=poor, 5=excellent)
Confidence in doing well in challenging 3.17 (1.03) 3(
science courses
Interest in becoming a doctor 3.08 (1.38) 3.5 (1.5)
Sense of belonging in the medical field 2.83 (1.47) 3 (2.25)
Connection to college/med school 1.67 (0.98) I (I
mentors (Other mentorship)
Connection to physician mentors 1.83 (1.34) I (I

Note: “N = 12 for all variables.
https: 865
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Reaction, Level Two: Learning, Level Three: Behavior,
and Level Four: Results.'” We defined our outcomes
based on Donald Kirkpatrick’s (DK) model for evaluating
an educational intervention and learners achieved a Level
One as measured by outcome 1 and 2 and achieved
a Level Two as measured by outcome 3.

e Outcome 1: Student rating of SMPM effectiveness
(aligned with DK level One reaction).

e Outcome 2: Post-SMPM mindset score (aligned with
DK level One reaction).

e Outcome 3: Immediate post-program and 4-month
post-SMPM SAT scores (aligned with DK level
Two learning).

Statistical Analysis

Our analysis had four main objectives. First, we tabulated the
frequencies of demographic and socioeconomic characteris-
tics of our participants as well as the distributions of their
baseline characteristics (Table 1). Second, we evaluated the
distributions of the students’ perceptions of program effec-
tiveness by domain (Table 2). Third, we tabulated and com-
pared mean and median pre- and post-program mindset
scores (Figure 1) and SAT scores (Table 3), using Wilcoxon
Sum Ranking to assess for significant differences. Our thresh-
old for statistical significance was 0.05. We used JMP 16.

Results

Students’ Rating of Program Effectiveness
We present mean (SD) scores as well as median (IQR) for
each program domain to assess students’ rating of program

Table 2 Students’ Assessment of Pipeline Program Domains
(Outcome 1A

SMPM Domains: Mean Median
(SD) (IQR)
Academic enhancement 3.8 (1.18) 4(2)
Career discussions with medical students | 4.22 (0.74) 4 (1)
and physicians
Health science lessons 4.39 (0.87) 5()
Patient care and procedures 4.71 (0.65) 5(0)
Mentorship 4.22 (1.02) 4.5 (1)
Public health 3.92 (1.06) 4(2)
Overall Rating 4.27 (0.96) 5()

Note: N = 12 for all domains.

effectiveness (Table 2). The overall mean rating for
SMPM effectiveness 4.27 (Likert 1-5).
Program domains with the highest mean ratings were

was scale
patient care and procedures (4.71), health science lessons
(4.39), mentorship (4.22), and career discussions with
URM physicians (4.22). The highest rated activities within
these domains were cadaver dissections, simulations (pla-
cing a nasogastric tube, performing a lumbar puncture,
learning cardiopulmonary resuscitation), and mentorship.
The rest of domains were academic enhancement (3.8),
and public sol-

ving (3.92).

health/community-based  problem

Students’ Rating of Program’s Impact on
Their Mindsets

Mindsets for confidence in doing well in challenging
science courses, interest in becoming a doctor, sense of
belonging in the medical profession, and connection to
mentors were statistically different form the start to end
of SMPM (p<0.05). The mean scores for pre-program
mindsets of confidence in doing well in challenging
science courses, interest in becoming a doctor, sense of
belonging in the medical profession, connection to college/
med school mentors, and connection to physician mentors
were 3.17, 3.08, 2.83,1.67, and 1.83 respectively. The
mean scores for post-program mindsets— confidence in
doing well in challenging science courses, interest in
becoming a doctor, sense of belonging in the medical
profession, connection to college/med school mentors,
and connection to physician mentors— were 4.25, 4.33,
4.08, 4.67, and 4.42 respectively, with mean improvement
of about 34%, 41%, 44%, 180%, and 140% respectively.
Figure 1 illustrates pre and post program mindsets.

SAT Scores

We used three SAT test scores in our analysis: pre- and
post-program and four-month follow-up (Table 3). The pre
and post SMPM SAT scores as well as 4-month follow-up
SAT mean scores were 713 (SD:155), 813 (SD:83), and
1058 (SD:147), respectively. For four-month follow-up
scores, two data points were never reported (n=10).
There was a statistically significant difference between
all three SAT scores (p<0.05).

For reference, the 4-month post-SMPM SAT interquar-
tile ranges were similar to interquartile ranges of admis-
sion SATs at five of six local Philadelphia colleges—La
Salle, St. Joseph, University of the Sciences, Temple, and
Drexel. Of note, the University of Pennsylvania’s 25th
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Figure | Pre and post program mindset ratings (Outcome 2).*

Notes: “Data comes from students’ responses to Likert scale questions about their sense of belonging in the health professions, confidence in doing well in challenging
science courses, interest in becoming a doctor, connection to college/medical student mentors (Other Mentorship) and connection to physician mentors.

percentile SAT admission score is 1420, about 110 points
higher than the maximum 4-month post-SMPM SAT score.

Discussion

African Americans/Blacks, Latinos, Native Americans,
people from low-income backgrounds, and certain groups
of Asian descent make up a small percentage of the

physician workforce in comparison to their percentages
in the US population.®> To address one component of this
multifaceted issue, medical schools have created intensive
educational initiatives under the pipeline program label.
Although many high school pipeline programs exist,
demonstrating their effectiveness using long-term out-
comes, including enrollment in medical school, is costly

Table 3 Mean and Median Pre and Post Program SAT Diagnostic Scores as Well as 4-Month Post Program SAT Scores (Outcome 3)

Pre-Program SAT Diagnostic Post-Program SAT 4-Month Post-Program SAT Statistical
Scores” Diagnostic Scores® Scores® Significance®
N 12 12 10
Mean (SD) 713 (155) 813 (83) 1058 (147) p<0.05
Median (IQR) 663 (175) 813 (94) 1040 (150) p<0.05

Notes: APr'e-program SAT Diagnostic was administered during first week of program. BPost-pr'ogram SAT diagnostic was administered during last week of program, and
©4-month post-program SAT was self-reported 4 months after program end; the four-month follow-up SAT score is missing two data points (n=10). PStatistically significant
difference between the three tests
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and takes many years to track. Additionally, pipeline pro-
grams’ enrollment numbers are relatively low due to
resource limitations. Thus, it is critical to analyze short-
term meaningful outcomes that programs can more easily
collect.

It is important to note that societal disparities and
biases influence student mindsets, often leading to inter-
nalized biases by students.”®*° For URM students, inter-
nalized biases take the form of feeling a sense of exclusion

28,29 and

(not belonging), isolation, or lacking confidence,
often contributes to URM students’ decision to not pursue
medicine.'” Thus, we strongly encourage pipelines to
work to increase students’ sense of belonging and confi-
dence via connecting students with role models in medi-
cine, and positive reinforcement.”' **** Additionally,
students’ sense of belonging should be tracked to assess
the effectiveness of a pipeline program.

Of note, the pre-program mindset of connection to
mentors in the medical field (MCMM) was significantly
lower for all students compared to other pre-program
mindsets. This is unsurprising given that disadvantaged
students have disparate access to mentors in the medical
field
Importantly, like sense of belonging, URM students’ cite

compared to non-disadvantaged  students.*”
low connection to mentors as a contributor to their deci-
sion not to pursue medical careers.'” Further work must
be performed to understand the relationship between dis-
advantaged students, mentorship, and decision to pursue
medical careers.

Limitations of our study include a small sample size
(n=12), lack of distal outcomes, absence of controls, and
potential selection bias. The significant improvements seen
in mindset, sense of belonging, and SAT scores is promising
given the small sample size and suggests the utility of
measuring such outcomes in future cohorts and other pro-
grams as proximal endpoints. Longitudinal data, such as
college and medical school enrollment rates, are necessary
for understanding whether the intervention addresses the
larger goal of increasing the number of URM physicians in
the medical workforce. While future work on long-term
impact of pipeline programs with comparative controls is
ideal, such evaluations are challenging to design and suffer
from attribution biases. As is the case in selecting students
for admission into selective programs, selection bias needs
to be considered. Students may have been just as successful
without the intervention. Therefore, short term improve-
ments in noted barriers to success may prove to be good
indicators of the program effects on career trajectories.

Conclusion

This description of our pipeline program and evaluation
demonstrates that preliminary effectiveness can be char-
acterized by using meaningful short-term outcomes.
Pipeline programs should be the focus of future investiga-
tion and would benefit from a unified way of measuring
short-term and long-term success. This study offers critical
insights into how to evaluate a program for intermediate
outcomes with demonstrated associations with long term
measures of success. We hope that the implementation of
highly effective pipeline programs will aid in the goal of
generating a physician workforce best able to deliver high-
quality, culturally sensitive care to all patients, regardless
of demographic factors.
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