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Objective. To assess the impact of a Doctor of Pharmacy (PharmD) capstone project on students’
ability to conduct research and quality improvement, and to assess the feasibility of requiring projects
in the core curriculum.
Methods. Project proposals were solicited from faculty members and local colleagues, and students
matched with an individual project and mentor. After developing a written research proposal in their
third professional year, students completed the project with mentor oversight in their third and fourth
professional years, culminating with a poster session and completion of a manuscript prior to gradu-
ation. Students’ knowledge of biostatistics, research confidence, and attitudes regarding research were
evaluated using a validated survey instrument. Students and mentors were surveyed for feedback, and
students’ publications and presentations were tracked.
Results. Sixty-one students (97%) completed their projects on time. Students’ confidence in their
ability to understand and participate in research increased, but improvement in statistical knowledge
and interest in conducting future research projects was minimal. Fifty-eight percent of students pre-
sented posters at national conferences. Thirteen (21%) published manuscripts in peer-reviewed jour-
nals. Students and mentors responded positively overall about the program and the associated time
requirements.
Conclusion. Requiring PharmD students to complete a capstone project prior to graduation was fea-
sible and increased student confidence in their ability to participate in research and the number of
student and faculty poster presentations and peer-reviewed publications. These findings support the
consideration of the Academy that analysis, synthesis, and creation of new knowledge can be success-
fully implemented into the core PharmD curricula.
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INTRODUCTION
The call by the American College of Clinical Phar-

macy (ACCP) formore research trainingwithinDoctor of
Pharmacy (PharmD) curricula also highlights the need for
pharmacists to generate new knowledge to advance the
profession and improve medication safety and effective-
ness.1 The Accreditation Council for Pharmacy Edu-
cation (ACPE) 2016 standards require instruction on
research design, but do not specifically require research or
quality improvement projects.2 Accordingly, few col-
leges of pharmacy provide hands-on research experience
to all their students. In 2007, only 15% of colleges of
pharmacy required students to complete a project in-
volving data collection,3 and in 2016, only seven colleges

reported including research projects in their core curric-
ula.4 Some colleges offer research electives but report
lower student participation than when projects are re-
quired.4 Thus, the majority of PharmD graduates have
little hands-on experience with research or quality im-
provement projects.

Research training is likely to improve PharmD stu-
dents’ ability to conduct research and their literature-
evaluation skills, as well as high-level cognitive skills
such as problem solving, leadership, communication, and
innovation, which are required by the ACPE 2016 ac-
creditation standards.2,5,6 Other potential benefits include
improved project management skills and mentor-mentee
relationships, increased marketability for jobs and resi-
dencies, improved ability to document the value of
pharmacy services, and realization of increased fac-
ulty scholarly output.1 However, the few studies evalu-
ating required PharmD research training that include
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quantitative outcomes, such as publications, presentations,
or measurable change in knowledge, confidence, and in-
terest regarding research, often note that more scholarship
is needed in these areas so that colleges of pharmacy
can know how many of these benefits are achievable.4,7-9

To realize these potential benefits, the University of Utah
College of Pharmacy implemented required mentored
student research or quality improvement projects as part of
a broader curriculum revision starting with the Class of
2019. This article describes the structure of the program
and evaluates the impact on and feasibility for the first
graduating students to complete the program.

METHODS
In January 2017, the University of Utah College of

Pharmacy began recruiting project proposals from basic
science and clinical faculty members within and outside
of the University of Utah, including clinical pharmacists,
community pharmacists, managed care pharmacists, and
public health officials. Mentors submitted project pro-
posals using an online form. Pharmacy students could also
propose their own projects if they could identify a willing
mentor. A PharmD project committee was formed to
provide program oversight and review proposals for
feasibility. A list of approved proposals was distributed to
students on March 9, 2017. Students had three weeks to
rank their 15 preferred projects and five least-preferred
projects. Students who proposed their own projects were
automatically matched with their previously identified
mentor. Remaining students were randomized to their
highest-ranked project available.

Students subsequently met with their assigned
mentor before their summer break following the second
professional (P2) year . During that meeting, the students
signed a compact adapted from the Association of
American Medical Colleges’ Compact Between Bio-
medical Graduate Students and Their Research Advisors,
which outlined the responsibilities of the students and
mentors and affirmed their agreement to proceed with the
project. During the summer, students started reviewing
literature related to their project and completed training
required by the University of Utah’s Institutional Review
Board (IRB), Institutional Animal Care and Use Com-
mittee (IACUC), or Institutional Biosafety Committee
(IBC). Mentors were responsible for ensuring that each
project, where applicable, received approval from the
University of Utah IRB and for studies involving animals
were approved by the University of Utah IACUC and
were conducted in accord with theGuide for the Care and
Use of Laboratory Animals (eighth edition).

During the third professional (P3) and fourth pro-
fessional (P4) years, the students completed four

semesters of coursework related to the research project,
which provided structure, deadlines, and feedback to
monitor their progress and provide a support network, as
students worked closely with their mentors to complete
their projects. About four times a semester, mentors were
required to complete rubrics or forms to assist with
grading their students and document required meetings.
The P3 fall semester course, Principles of Project De-
velopment (three credit hours), guided students through
writing a three- to six-page project proposal based on
application instructions for the ACCP Research Institute
Futures Grants and the NIH National Research Service
Award Fellowships. The students wrote several drafts,
with each draft receiving feedback from peers, teaching
assistants, course instructors, and/or their mentors. Stu-
dents then participated in three semesters of Project
Development Practicum (2 credit hours each), which
provided students with dedicated time to complete the
project as well as guidance on how to draft manuscripts
and posters. In the P3 spring course, students transitioned
to implementing their proposed research plan, including
obtaining regulatory body approvals and collecting data.
Students were also required to deliver a 10- to 15-minute
oral presentation followed by a questions and answer
period. During the P4 year, the practicum courses were
delivered online to accommodate advanced pharmacy
practice experience (APPE) schedules. In the fall, P4
students drafted the introduction and methods sections of
both their posters and manuscript, following author in-
structions from appropriate conferences and journals. The
following semester, students added the results and dis-
cussion sections. All students were required to present
their poster at a poster session sponsored in the spring of
their P4 year and attended by college faculty members,
adjunct faculty members, and fellow students. Students
were also encouraged to submit abstracts for their projects
to nationalmeetings and then present their findings if their
abstract was accepted.

Each student project was eligible for up to $1000 for
research supplies, $500 for consulting fees (including
those charged by the University of Utah’s Research
CORE services), and $300 toward travel expenses to at-
tend a national conference to present their poster. The
college also covered poster printing expenses. To receive
available funding, students and mentors had to submit a
short application with a budget and budget justification,
which was reviewed and approved or amended by the
PharmD project committee.

We conducted a research readiness survey to mea-
sure students’ confidence, attitudes, and knowledge re-
garding research. Originally developed to evaluate
medical residents’ knowledge of biostatistics, the survey
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instrument had since been expanded to include measures
of confidence and general attitudes toward the importance
of research, and used to assess pharmacy residents.9-11

Survey responses were collected from the class of 2019 in
August 2017 at the start of the project coursework (time
15T1), in December 2017 after completing the proposal
(time 25T2), and in April 2019 following project com-
pletion (time 35T3). Survey completion was required,
but students were informed that their answers would not
affect their grade.Responses from theClasses of 2017 and
2018were collected prior to graduation using the attitudes
and confidence portions of the same survey instrument to
provide baseline data for comparison. The survey in-
cluded a 13-item quiz, which tested students’ knowledge
of biostatistics and concepts from evidence-based medi-
cine. Students’ knowledge score was the number of cor-
rect answers, with a possible maximum score of 13.
Students indicated their level of agreement from strongly
agree (5) to strongly disagree (1) for the statements found
inTable 1. The attitude scorewas the sumof the values for
each response, with possible scores ranging from 4 to 20.
Students also rated their confidence on a scale from 1 (no
confidence) to 5 (complete confidence) on the elements
listed in Table 2. Confidence scores were the sum of the
values for each response, with possible scores ranging
from 10 to 50. The last survey distributed to students in
April 2019 added questions designed to evaluate the
program, gather feedback for future improvements, and
collect information about national presentations and
publications.

The changes in students’ knowledge, attitudes, and
confidence scores were compared over time with Fried-
man tests, and Wilcoxon paired tests were used post-hoc

to compare specific times (T1, T2, and T3). Mann-
Whitney U tests were used to compare attitude and con-
fidence scores of the Class of 2019 at T3 to the baseline
measurements of the combinedClasses of 2017 and 2018.
The individual items from the confidence and attitudes
sections were dichotomized with responses of 4 or 5 on
one hand and 1, 2, and 3 on the other. Each item was
analyzed for change over time using the chi-square test of
association. Statistical analyses were performed using
GraphPad Prism 8 (GraphPad Software, San Diego, CA).
A p value ,.05 was considered statistically significant.

Project mentors were surveyed in April and May
2018 (end of P3 year) and May 2019 (end of P4 year).
Mentors rated whether their time spent on the following
activities was appropriate, too much, or too little:
reviewing drafts, providing feedback on presentations,
meeting with the student, and completing forms/rubrics.
They also estimated the number of hours spent mentoring
each student per semester. Open-ended questions allowed
mentors to suggest program improvements. The 2019
survey added questions about overall satisfaction, benefit
to the mentor, value of the learning experience, willing-
ness to write a strong letter of recommendation for their
student, and whether the project was published or pre-
sented. The University of Utah IRB determined that this
project was exempt from oversight.

RESULTS
For theClass of 2019, the PharmDproject committee

received 69 project proposals from 43 mentors. Twenty-
seven mentors were full-time faculty members at the
college, nine were Utah Health Sciences faculty mem-
bers, and seven were employed outside of the university.

Table 1. Changes in Doctor of Pharmacy Students’ Attitude Toward Research as They Progressed Through the Program and Upon
Completion of Their Required Projects (N562)a

Strongly Agree or Somewhat Agree

August 2017 (T1) December 2017 (T2) April 2019 (T3) p Value

I would like to learn more about biostatistics
and conducting clinical research.

41 (66) 33 (53) 28 (45) .0608

I understand the majority of statistical terms that
I encounter in medical literature without
assistance.

22 (35) 35 (56) 37 (60) .0138

I believe that pharmacist-conducted research is
essential to driving pharmacy practice and
expanding the roles of pharmacists.

44 (71) 46 (74) 50 (81) .4454

I believe it is my professional responsibility to
contribute to the peer-reviewed medical
literature.

37 (60) 34 (55) 33 (53) .7531

Abbreviations: T15Time 1, T25Time 2, T35Time 3
a Class of 2019
b All p values calculated with chi-square tests
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All 63 students matched a project that they had ranked,
with 28 students (46%) matching with their first choice,
including six students who automatically matched with
their own proposed projects. Of these students, 61 (97%)
completed their projects on schedule by April 2019. Two
students fell behind and joined the following class of
students.

Sixty-two students completed surveys in August
2017 (T1), December 2017 (T2), and April 2019 (T3),
which is a 100% response rate for students still in the
program (Figure 1). There were no significant changes in
students’ knowledge, nor in attitude scores. The Class of
2019’s attitude scores were not significantly different
from the baseline scores of the Classes of 2017 and 2018
(median of 16 vs 14 out of 20, respectively. Most items in
the attitudes section showed little change (Table 1). Stu-
dents’ interest in learning more about biostatistics de-
creased slightly, and the number agreeing that they
understand the statistics that they encounter significantly
increased.

There was a significant increase in students’ confi-
dence scores, p,.001. Post-hoc analysis showed a 31%
higher median confidence score at T3 compared to T1 (29
to 38, p,.001). The changes from T1 to T2 and T2 to T3
were also significant (p,.001 and p 5.0002, respec-
tively). From T1 to T2, 63% of students’ confidence
scores increased by more than two points, and from T1 to
T3, 82%of students’ confidence scores increased bymore
than two points. The Class of 2019 graduated with higher
confidence scores than the Class of 2017 or Class of 2018
(median 38 vs 31, respectively, p,.0001). The number of
students indicating that they had greater than moderate

confidence for all 10 items increased significantly over
time (Table 2). Students were most confident in their
ability to review and evaluate the medical literature.

The additional questions at T3 showed that 45 stu-
dents (73%) felt their project would make them more
competitive when applying for a job or residency. Thirty-
six students (58%) presented posters at a professional
meeting. Ten students submitted a manuscript to a peer-
reviewed journal, and three of the manuscripts were ac-
cepted for publication. Additional students published
their projects after graduation, bringing the total number
of papers published to 13 (21%). On 12 of the 13 manu-
scripts accepted for publication, the student was the first
author.

A majority of mentors and co-mentors (35 of 50,
70%) completed the mentor survey in May 2019, and 28
of 46 (61%) completed the survey in May 2018. In both
2018 and 2019,mentors reported spending amedian of 15
hours per student per semester on project mentoring ac-
tivities. Most mentors in both years reported spending “a
reasonable amount of time” on each activity related to
mentoring, ranging from 63% to 92%, depending on the
year and activity. However, 30% of mentors reported that
reviewing proposal drafts took too much time in 2018;
however, this declined to 8%ofmentors who felt this way
in 2019. Likewise, 14% of mentors in 2018 and 18% in
2019 thought that completing forms and/or rubrics took
too much time, and 15% in 2019 thought reviewing
manuscript drafts took too much time. Further, 88% of
mentors reported that they were somewhat or extremely
satisfied with the final project produced, 73% thought the
students’ work was beneficial to the mentor, 97% thought

Table 2. Measures of Doctor of Pharmacy Students’ Confidence Regarding Research as They Progressed Through the Program and
Upon Completion of Their Required Projects (N562)a

Above Moderate Confidence

August 2017 (T1) December 2017 (T2) April 2019 (T3) p valueb

Perform a comprehensive literature review 19 (31) 40 (65) 50 (81) ,.0001
Critically evaluate the medical literature 19 (31) 38 (61) 50 (81) ,.0001
Formulate a testable research question and

hypothesis (if applicable)
18 (29) 36 (58) 42 (68) ,.0001

Minimize bias in a study design 8 (13) 25 (40) 30 (48) ,.0001
Write a complete research protocol 8 (13) 25 (40) 36 (58) ,.0001
Apply knowledge of legal and ethical issues to

human subject research
21 (34) 30 (48) 40 (65) .0029

Gather and manage data 19 (31) 29 (47) 43 (69) ,.0001
Perform an analysis using descriptive statistics 8 (13) 16 (26) 30 (48) ,.0001
Interpret results of statistical tests 16 (26) 22 (35) 36 (58) .0008
Communicate results of a research project 25 (40) 37 (60) 48 (77) .0001

Abbreviations: T15Time 1, T25Time 2, T35Time 3
a Class of 2019
b All p values calculated with chi-square tests
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the project was a valuable learning experience for their
student, and 79% felt they could write a strong letter of
recommendation for their student based on their project
mentoring experience.

DISCUSSION
Astructured research program for P3 and P4 students

at the University of Utah College of Pharmacy proved to
be successful. Our results provide evidence that core
curricular, mentored, hands-on experience with research
and quality improvement projects is feasible. Further-
more, students’ confidence increased in the research
process longitudinally compared to that in students who
did not participate in the program. Because drug literature
evaluationwas included in the old curriculumand the new
P2 curriculum, hands-on experience with the project in-
creases confidence beyond what students achieved in a
traditional literature evaluation class. These results are
consistent which those reported in pharmacy residents.9

Such projects can be of high quality, resulting in increased
peer-reviewed publications and presentations at national
meetings.

Despite increased confidence, students’ knowledge
of biostatistics as measured by the survey remained

constant. A similar finding was observed in a study
assessing pharmacy residents.9 We chose to assess stu-
dents’ knowledge of biostatistics concepts using a pre-
viously published instrument, but acknowledge that this
instrument may not have been the best tool to measure
learning associated with projects, which emphasized ap-
plication more than memorization. Students did demon-
strate the ability to apply statistical concepts to their
projects when applicable. Thus, participating in a project
may be more effective in increasing students’ confidence
and preparing them for future self-learning compared to
students not participating in projects.

Interestingly, although the overall score assessing
student attitudes towards research did not change signif-
icantly, there were some shifts in responses to individual
questions in this domain. The slight decline in desire to
learn more about biostatistics and research could indicate
that some students had learned as much as they wanted to
by participating in the project, as the proportion of stu-
dents indicating an understanding ofmost statistical terms
increased.Most students agreed that research is important
for pharmacy as a profession, even if they were not nec-
essarily interested in doing it themselves. Together, these
results suggest that projects increase the students’ comfort

Figure 1. Measures of Knowledge, Confidence, and Attitude Regarding Doctor of Pharmacy Student (Class of 2019) Participation
in a Required Longitudinal Research Project
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with research, but may not necessarily increase the
number of students pursuing research-oriented career
paths.

Both mentors and students reported benefits from
being involved in the research project. A majority of
students indicated that exposure to research made them
more competitive for jobs and residencies. Some com-
mented that working on a project was particularly useful
in job or residency interviews, helping them stand out and
providing them with useful examples of problem-solving
skills and ability to overcome obstacles. Three of four
mentors reported benefiting from students’ work on the
projects, and even more indicated satisfaction with the
final products. Over half the students presented their
findings at professional meetings, and as of November
2019, 13 (21%) had published their results in a peer-
reviewed journal. These rates compare favorably with
those published in a systematic review of pharmacy stu-
dent required research projects.4 This was accomplished
with most mentors reporting that their time commitment
was reasonable.

We designed the PharmD projects program to over-
come commonly noted obstacles with similar programs,
such as limited faculty time, lack of interest from faculty
members or students, and challenges with completing
projects on schedule.1,5,7,12-14 The program was struc-
tured to manage the faculty mentor time burden by pro-
viding feedback and instruction in dedicated coursework,
and by recruiting mentors from outside of the college,
which also strengthened the college’s partnerships.
Having a central course that provides uniformity and
feedback reduces the burden on mentors, allowing them
to focus more on their area of expertise.12 The project
ranking system helped ensure that students and mentors
worked on projects that matched their interests. Allowing
two years for project completion and providing regular
deadlines and feedback helped students finish their proj-
ects before graduation. An alternative solution to save
faculty time and ensure completion would be to require
completion of a research proposal only. However, there
are advantages to requiring students to complete assign-
ments in all phases of the research process, from con-
ception to dissemination, including with providing
students opportunities to acquire proficiency in higher
levels of Bloom’s taxonomy.15 Programs that do not re-
quire students to move beyond the protocol/proposal
stage are less likely to move their students into these
higher levels of learning or for the research project to
generate presentations or publications. Also, the increase
in student confidence is likely to be smaller.3,4,13

Some limitations of the program are worth men-
tioning. We found that non-faculty mentors were more

likely to need support and guidance for issues such as
study design, statistical analysis, and IRB applications.
Some students had to reduce the scope of the project or
their sample size to finish their research on time, but this is
a real-world research experience. Identifying ideas and
mentors for approximately 60 students a year is also a
challenge. We are currently in the third year of this pro-
gram, and so far, we have been able to match all students
to projects. Thismay becomemore challenging over time,
or perhaps previous years’ projects will generate new
research questions for subsequent projects. Individual
projects for all students may not be feasible in colleges
with larger class sizes, but group projects may be. Even
with dedicated coursework over two years, student avail-
ability towork on their projectswas still an obstacle.Mentors
in basic science departments in particular expressed chal-
lenges with the amount of time that PharmD students were
available to learn laboratory techniques. In future years,
mentors will be adapting the types of projects they propose
to require less time in the laboratory.

CONCLUSION
A two-year core curricula capstone program in a

four-year PharmD program at a public institution showed
that requiring PharmD students to complete a research or
quality improvement project during their P3 and P4 years
was feasible, increased students’ confidence in their
ability to participate in research, and increased student
and faculty poster presentations and peer-reviewed pub-
lications. These findings support the consideration of the
Academy that analysis, synthesis, and creation of new
knowledge can be successfully implemented into core
PharmD curricula.
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