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Objective. To compare educational outcomes between two iterations of a scholarship and research
course for Doctor of Pharmacy (PharmD) students at Virginia Commonwealth University’s School of
Pharmacy.
Methods. The first iteration of a course intended to teach pharmacy students the knowledge and skills
necessary to design and conduct research involved lectures and application exercises, including limited
guided questions about different aspects of the research process. In the fall of 2015, multiple structured
activities and accompanying grading rubrics, each designed around the structure and content of a
section of a research proposal, were introduced to the course to supplement lectures. Both iterations
of the course culminated with students submitting a research proposal. After establishing interrater
reliability, faculty members graded a random sample of 20 research proposals, 10 from each version of
the course, and section-specific and overall proposal scores were compared.
Results. In the proposals submitted after the course revisions, significant improvements in three areas
were identified: the overall score, the section-specific scores for research hypothesis/specific aims, and
institutional review board (IRB) discussion/informed consent. Nominal, though not statistically sig-
nificant, improvements were observed in other sections.
Conclusion. Additional research is needed regarding the best instructional strategies to reinforce data
analysis and statistical testing knowledge and skills in PharmD students. Overall, our findings support
the hypothesis that a more formalized, guided approach for teaching research methods improves
learning outcomes for PharmD students.
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INTRODUCTION
According to Boyer’s theory of teaching and learn-

ing, scholarship is the creation, discovery, advancement,
or transformation of knowledge.1 Scholarship is evi-
denced when that knowledge is assessed for quality by
peer review and communicated to others.2 Scholarship
in health professions has also been described as a life-
long commitment to thinking, questioning, and pursuing
answers.3

The idea of a “culture of scholarship,”which refers to
a creative and productive environment extending from

active scholarly activity,2 has been endorsed by several
pharmacy professional organizations. The 2008-2009
American College of Clinical Pharmacy (ACCP) Task
Force onResearch in theProfessionalCurriculumencour-
aged the integration of research and research skills as part
of the core pharmacy curriculum.4 In 2012, the American
Association of Colleges of Pharmacy (AACP)’s Argus
Commission suggested required student research expe-
riences in all schools of pharmacy to promote the de-
velopment of inquisitiveness and scholarly thinking.5

Additionally, the Accreditation Council for Pharmacy
Education (ACPE) encourages the inclusion of knowl-
edge and skills related to research design and interpreta-
tion, having identified eight curricular competencies:
identifying relevant problems, generating a hypothesis,
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designing a study, analyzing data using appropriate sta-
tistical tests, interpreting and applying the findings to
practice, effectively communicating research and clinical
findings to professionals, effectively communicating
research and clinical findings to patients, and applying
regulatory and ethical principles to the conduct and use
of research findings.6

Despite pharmacy faculty’s recognition that having a
working understanding of statistics and research method-
ology are among the most important research-related
competencies for pharmacy students, ranking behind only
drug information and drug literature evaluation,7 the op-
timal topics for inclusion in and pedagogical methods
for teaching research development courses for doctor of
pharmacy (PharmD) students are not well established.
Although AACP suggests required student research ex-
periences, the necessity of requiring PharmD students
to conduct and complete full research projects has been
debated.7 Students who are exposed to the complexity
of developing a research question and designing a study
to address that question may be better equipped as prac-
titioners to assimilate new knowledge and adapt to
changes in practice.8 Scientifically minded health profes-
sionals will be better able to access and appropriately
apply current scientific knowledge as a regular part of
their work, contribute to the body of knowledge, critically
evaluate interventions and their outcomes, and routinely
subject their work to the scrutiny of colleagues, stake-
holders, and the public.9

There have been several descriptive articles report-
ing the impact of a research course on student perceptions
of research,10-12 student confidence,10 and on research
output (poster presentations and manuscript submis-
sions).13,14 However, there has been much less focus
within the literature on the impact of different methods
of teaching a research design course.

The Virginia Commonwealth University (VCU)
School of Pharmacy curriculum includes a required
course designated Pharmacy Practice Research. The
course sequence was originally implemented in 2008,
and active-learning strategies were used throughout.
The students (typically a class of about 140) worked in
groups of six to eight to review background literature and
formulate their own pharmacy practice-related research
question to address a gap in the existing literature. The
student groups then developed hypotheses and specific
aims and designed a research study, including the data
analysis plan to test those hypotheses. This process also
required the student groups to address the role of human
subjects’ protection and informed consent in their pro-
posed studies. The main output for assessment was a
full, written research proposal. At inception, the course

comprised lectures and application exercises, including
limited guided questions about different aspects of the
research process. Beginning in 2015, a more formal,
structured approach to the course was adopted to better
facilitate student learning and improve educational out-
comes. However, despite these improvements to the
course design, no formal evaluation of the curricular
changes was conducted. Therefore, the purpose of this
study was to compare the quality of the research output
(ie, the written research proposals) between two aca-
demic years (2013-2014 and 2015-2016) in which differ-
ent teaching methodologies were used. Both iterations
of the course lasted for the entire academic year (two
semesters), met for two hours every two weeks, and the
students in each iteration were third-year pharmacy stu-
dents. Our hypothesis was that providing structured,
guided activities throughout the research design process
would enhance student learning and improve the quality
of their research proposals.

METHODS
This was an observational study comparing the qual-

ity of student-developed research proposals between
the 2013-2014 academic year, in which students were
given a limited number of ungraded, guided questions
about the research process, and the 2015-2016 academic
year in which a more structured and guided proposal
writing process with continuous feedback was imple-
mented, as described below. This study was approved
by Virginia Commonwealth University’s Institutional
Review Board (IRB).

Although the overall mission and expectations of the
PharmD research course remained the same, the course
structure underwent a considerable redesign in 2015, in-
cluding a change in course title from Scholarship to Phar-
macy Practice Research to more specifically align with
the course content. In both iterations of the course, content
delivery consisted mainly of lectures. However, the ap-
plication of that content differed in style and format. Ad-
ditional structure was implemented during the course
redesign with the aim of more effectively guiding stu-
dents in a stepwise manner through the research develop-
ment process (Table 3).

In its early years, the course introduced students to
topics related to research, such as forming research ques-
tions, study design, grants and funding, and responsible
conduct in research, and provided examples of faculty-
led research. Specifically, in the 2013-2014 iteration of
the course, students were given only a few application
exercises in the form of guided questions to assist with
the research development process. Furthermore, instruc-
tor feedback on these assigned activities was limited,
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no formal feedback was given for the research journal
entries, and draft proposals were not assigned or evaluated.

The 2015-2016 course was designed to further
enhance student experience of the research project devel-
opment process by using additional strategies of scaffold-
ing, pedagogical “chunking,” and frequent feedback. In
this application of scaffolding, the studentswere provided
the instructions and requirements for the final research
proposal at the beginning of the course, including prede-
fined rubrics for each section of the proposal. They had
access to, and early knowledge of, the expectations for
all the required sections, as well as the appropriate or-
der in which they should be organized within the written
proposal. Requiring students to submit structured writ-
ten assignments throughout the course broke down the
written proposal into manageable component parts
(“chunking”). The assignments also complemented and
reflected the content and organization of the scaffold.
Assignment topics included: forming research questions
and hypothesis/specific aims; choosing the appropri-
ate study design, measurement tools, and recruitment
strategies; developing a statistical analysis plan; and
addressing responsible conduct in research. Students
completed these assignments for their chosen research
questions.

Because of the iterative and cumulative nature of
the research process, faculty members thought that fre-
quent and timely feedback on assignments would be nec-
essary to allow students to correct or refine their proposals
along the way as needed. Therefore, each assigned activ-
ity in the new course design was graded in real-time,
and written feedback was provided to the students before
the next class session. Assignment grading was split
between three course instructors, and each instructor
graded assignments from the same research groups
throughout the course. Course instructors also actively
engaged with each student group individually during
class sessions to provide verbal feedback. Examples of
student activities and the associated grading rubric for the
redefined 2015-2016 course can be accessed here: (https://
docs.google.com/document/d/1VgyWGPHs9LJuonvrbTk-
y81GP78sKChhUofyr22YwcI/edit?usp5sharing).

Proposals for the 2013-2014 (n520) and 2015-2016
(n522) academic years were de-identified and assigned
successive numbers. Ten proposals from each academic
year were selected by a random number generator to be
included in this study. Each of the 20 de-identified pro-
posals was assigned to two reviewers, for a total of 40
separate grading events. Although the reviewers evalu-
ated each of their assigned proposals independently,
the reviewers were paired together, so that each pair
of reviewers evaluated the same six or seven proposals.

Furthermore, approximately half of the proposals
assigned to each reviewer were from the 2013-2014 aca-
demic year and half were form the 2015-2016 aca-
demic year. All reviewers were pharmacists with
experience and expertise in pharmacy practice research.
To minimize bias in the grading, the reviewers were not
current coordinators for the course. The course coordi-
nator at the time of the study was responsible solely for
de-identifying, randomizing, and assigning proposals to
reviewers.

To facilitate consistent evaluation of study proposals
by reviewers, a grading rubric was created. The first ver-
sion of the rubric included 11 sections: background/
significance, hypothesis/specific aims, study design,
sample selection, endpoints/measurable outcomes, statis-
tical analysis, IRB/informed consent, limitations, refer-
ences, format (according to instructions), and grammar.
Each of these sections was further divided into specific
evaluation criteria, with point values assigned to each
criterion proportionate to its importance to the assign-
ment, totaling 28 points. The initial rubric was created
by modifying and combining relevant content from sev-
eral existing grant proposal evaluation rubrics.

To pilot test the rubric and grading process, each pair
of reviewers graded one proposal using the initial rubric.
The pilot test proposals were chosen from proposals that
were not selected for inclusion in the study. Each reviewer
independently reviewed and assigned scores to the pro-
posal. After all reviews were compiled, reviewers met
as one large group and, to improve inter-reviewer grad-
ing consistency, discussed their experiences. These dis-
cussions included each reviewer’s experiences with
the interpretation of the evaluation criteria and point as-
signments. Based on the feedback from the meeting, the
rubric was then modified. Specifically, three sections,
data collection, style, and overall quality, were added,
bringing the total sections for the modified rubric to 14.
A final overall quality ranking on a six-point Likert scale
(excellent, very good, good, fair, poor, and very poor)
was added to the rubric as a qualitative measure. For
all other sections, the point breakdowns within each
section were further clarified and expanded (Table 1).
Reviewers were allowed to assign partial points in one-
fourth point increments. The total number of points (overall
score) in this revised version of the rubric was 50.
This revised version of the rubric was then pilot tested.
The reviewers were assigned another proposal to grade,
which subsequently was not included in the study. Fi-
nally, once preliminary inter-rater reliability was estab-
lished for the pilot test, as described below, the randomly
selected study proposals were assigned to the three sets
of independent paired reviewers.
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Table 1. Grading Rubric Used in Assessment of Research Proposals Submitted by Doctor of Pharmacy Students Enrolled in a
Scholarship Course

Section Possible Earned

Background/Significance 6
Background section starts broad and narrows down as it progresses (1)
Establishes the importance of the topic (1)
Ideas flow from one topic/paragraph to another (1)
The review of literature has depth and is well described and supports the research question (2)
Sets the context for the study by identifying gaps in the literature/areas of needed study (1)

Research Hypothesis/Specific Aims 6
The hypothesis is clearly stated (1) and is appropriate given the identified gaps in the literature and/or
rationale for hypothesis is articulated (1)

There are at least 2 specific aims (1)
The specific aims are designed to test the hypothesis (2)
The aims are not too broad and are reasonably feasible (aims are achievable assuming that the students have
access to the required data and they identified the appropriate data to be collected to answer the research
question) (1)

Study design 6
The research design is clearly identified and justified (correctly indicates if it is experimental, observational,
case-control, etc. or qualitative or mixed-methods). Please note-use of the term mixed methods is not
required to get credit (3)

The study design is well suited to answer the research question (2)
Comparator groups (controls) are well defined. If no comparator included, decision is justified (1)

Sample 7
Inclusion criteria (0.5) and exclusion criteria (0.5)
Target population (1)
Study setting (eg, primary care clinic, community pharmacy, hospital) (1)
Sample size estimate included (1)
Recruitment plan (1)
Method for sampling (1)
Feasible (achievable assuming that the students have access to the patients and define the sample out of the
population) (1)

Data collection 2
Describes instruments/method of data collection (1)
Describes the types of data collected (1)

Endpoints/measurable outcomes 4
The endpoints/outcomes are clearly stated and are measurable (1)
There is at least one outcome defined for each specific aim (1)
The defined outcome is appropriate for the aim (eg, the specific aim is to measure health outcomes for
diabetes patients and the outcome measures are blood glucose, HgbA1C, retinopathy, nephropathy;
inappropriate would be measuring the cost of prescriptions) (2)

Statistical analysis 2
Describes the analysis plan for each type of outcome being measured (1)
The general analysis is appropriate for the type of data being collected (1)

IRB discussion/Informed consent 3
IRB review type was indicated (1)
Appropriate rationale for the selected IRB review type was included (1)
Correctly indicate whether informed consent would be necessary for the proposed study (1)

Limitations and Alternative Strategies 6
At least three limitations to the proposed study were discussed (3)
For each limitation, a response or an alternative method is proposed (3)

(Continued)
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Paired scores were averaged to obtain a final score
for section-specific and overall proposal scores. Inter-
rater reliability for section-specific and overall pro-
posal scores (continuous variables) and for the overall
quality ranking (ordinal variable) was assessed using a
one-way, consistency, average measures intra-class cor-
relation coefficient (ICC).15,16 A one-way model for
the ICC was used because the coders were randomly se-
lected from a larger population of coders for each pro-
posal being assessed. Consistency in ratings rather than
absolute agreement was selected to confirm that rank
orderings of the ratings were similar between the two
reviewers, thereby accounting for some reviewers be-
ing more stringent than others. Because all proposals
were coded by two raters and the average of their ratings
was used for hypothesis testing, average-measures
ICCswere used. Finally, because the purpose of this anal-
ysis was to assess the level of agreement between the
reviewers’ ratings within the current study and not to
generalize ratings to a larger population of reviewers,
a mixed effects model was selected where reviewers
were considered to be fixed effects and proposals entered
as random effects. As a qualitative measure of agree-
ment, ICC values less than 0.5 indicated poor reliability;
values of 0.5-0.75, moderate reliability; values of
0.75-0.90, good reliability; and values greater than 0.90,
excellent reliability.17 We established 0.75 as the mini-
mum acceptable cutoff for inter-rater reliability in this
study.

Normality of section-specific and overall proposal
scores distributions between the two academic years were
assessed by direct observation of the Quantile-Quantile
(QQ) plots. Because of the non-normal distribution of
the data, descriptive statistics were presented as medians

and interquartile ranges (IQRs). Differences in median
proposal scores for each section and overall proposal
score between the 2013-2014 and 2015-2016 academic
years were tested using a two-tailed Wilcoxon rank
sum test, with the significance level set at p,.05. Statis-
tical analyses were performed on IBM SPSS Statistics
for Windows, Version 24.0. Armonk, NY: IBM Corp.
(ICC) and JMP Pro 13. SAS Institute Inc., Cary, NC (de-
scriptive statistics and hypotheses testing).

RESULTS
Inter-rater reliability for section-specific and overall

proposal scores was 0.92 (95% CI50.78-0.97), suggest-
ing excellent agreement within reviewer pairs. Inter-rater
reliability for the ordinal variable “overall quality” was
0.77 (95% CI50.43-0.91), suggesting good reliability.
The median (IQR) scores for overall and section-specific
data for the graded research proposals are summarized
in Table 2. Across both academic years, median section-
specific scores were generally high for data collection
(82% and 100% for the 2013-2014 and 2015-2016 years,
respectively) and background/significance (83% and
98%) (Table 2). The median overall proposal score was
significantly higher among student groups in the more
structured, redesigned 2015-2016 course compared to
the 2013-2014 course (43.9 vs 37.5, p5.03). Signifi-
cant section-specific improvements between 2013-
2014 and 2015-2016 were identified for the hypothesis/
specific aims (3.8 vs 5.6, p5.005) and IRB discussion/
informed consent sections (1.0 vs 2.6, p5.004). Im-
provements in median scores on the other sections
were not significant. The statistical analysis (69% and
82% for the 2013-2014 and 2015-2016 years, respec-
tively) and IRB discussion/informed consent (33% and

Table 1. (Continued )

Section Possible Earned

References 3
Reference list is relevant and broad enough to support the Background section (1)
At least 5 primary literature articles (not review articles) were cited (1)
References were formatted correctly, according to the proposal instructions (1)

Format 1
Followed instructions related to page formatting, page limits and organization (1)

Grammar and Typographical Accuracy 2
The proposal utilizes proper grammar (1)
Typographical errors are minimal (1)

Style 2
There was a logical, organization structure that was clear to follow (2)

Overall quality
Excellent, Very Good, Good, Fair, Poor, Very Poor

Total ___/50
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88%) sections were consistently scored lower relative to
other sections within the same academic year.

DISCUSSION
This study describes a retrospective analysis of the

effectiveness of a research design course using a more
structured, guided format with frequent feedback (2015-
2016) compared to a previous iteration of the course
in which there were fewer application-based student
assignments and less instructor feedback (2013-2014).
The more structured format in the 2015-2016 academic
year resulted in significantly higher overall proposal
scores and significantly higher scores in the hypothesis/
specific aims and IRB/informed consent sections.

One of the major goals of the course is to have stu-
dents identify pharmacy practice-related research ques-
tions of interest to them, conduct a thorough literature
review, and design a research project to answer their ques-
tions. Often, students who are new to research design
ambitious and highly complex research projects. Their
research questions are commonly too broad and themeth-
odologies proposed are not feasible or realistic. For ex-
ample, students often do not have an appreciation of
common challenges such as poor survey response rates
or loss to follow-up; accordingly, they are unable to ac-
count for these challenges in their study design. The
improvements observed within the hypothesis/specific
aims and study design sections of the revised course sug-
gest an increased ability of students to identify a research
question, develop a hypothesis, and focus their research

questionwith appropriate and feasible specific aims. Sim-
ilar improvements in students’ confidence in their ability
to identify a research question have been reported follow-
ing a required PharmD research course.12 Pharmacy res-
idency directors have previously ranked identifying and
writing a research question as themost important research
skill for successfully completing a residency research
project,18 suggesting that improvements in student learn-
ing outcomes in this area are meaningful.

The redesigned research course was also associ-
ated with a significant improvement (163%) in the IRB/
informed consent section, which previously had been
by far the lowest scoring section. Both the 2013-2014
and 2015-2016 classes received a lecture on human sub-
jects’ protection with similar content objectives. How-
ever, the new class format, which introduced a short
activity identifying and justifying a level of IRB for each
group’s study, was far more effective at teaching the stu-
dents about IRB review than a general lecture on the
various types of IRB approvals. Despite the improve-
ment noted following the course structure change, the
scores on the IRB section were still low relative to scores
in other sections. Student knowledge of the IRB process
has previously been reported to be an area of weakness
among fourth-year PharmDstudents completing capstone
research projects.19

Despite a relatively high median background/
significance section score in 2013-2014 (83%), there
was a non-significant improvement in the quality of
this section in the 2015-2016 academic year (98%).

Table 2. Reviewers’ Scores for Pharmacy Students’ Research Proposals Submitted Before and After Revision of a Required
Year-Long Scholarship Course

Section (Total Points Possible)

2013-2014 (n=10) 2015-2016 (n=10) Increase in Median
Scores, % a p ValueMedian Score IQR Median Score IQR

Background/Significance (6) 5.0 4.1-5.7 5.9 4.7-6.0 18 .12
Research hypothesis/Specific aims (6) 3.8 2.9-4.7 5.6 5.0-6.0 48 .005 b

Study design (6) 4.5 3.6-5.1 5.4 3.7-5.6 20 .15
Sample (7) 5.3 4.7-6.0 6.1 5.3-6.8 16 .06
Data collection (2) 1.6 1.5-2.0 2.0 1.5-2.0 23 .19
Endpoints/Measurable outcomes (4) 3.1 2.7-3.3 3.8 2.7-4.0 20 .11
Statistical analysis (2) 1.5 1.0-1.8 1.6 0.7-2.0 18 .76
IRB discussion/Informed consent (3) 1.0 0-1.5 2.6 2.2-3.0 163 .004 b

Limitations/Alternative strategies (6) 5.0 4.2-5.8 5.0 4.2-6.0 0 .70
References (3) 2.6 1.9-2.8 2.4 2.0-2.8 -10 .76
Format (1) 1.0 0.7-1.0 0.9 0.5-1.0 -12 .44
Grammar and typos (2) 2.0 1.7-2.0 2.0 1.5-2.0 0 .89
Style (2) 2.0 1.4-2.0 2.0 1.9-2.0 0 .30
Total score (50) 37.5 33.1-41.3 43.9 39.4-48.0 17 .03 b

Abbreviations: IQR5Interquartile Range
a Percent increase in median score 5 [(median score 2013-2014 – median score 2015-2016) / median score 2013-2014] *100
b Denotes significance at p,.05
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Table 3. Comparison of Coursework and Grading Between 2013-14 and 2015-16 Academic Years

2013-2014 2015-2016

Class Topics Research Proposal Overview Research Proposal Overview
Quality measures and report cards Research questions, hypothesis and specific

aims; research designResponsible Conduct in Research
Measurements, sampling, data analysisMethodology, Study Design, and Limitations
Responsible Conduct in Research; Protection of

Human Subjects Research; HIPAA
Data – collection, organization, and analysis

Reference Management Software; Research
Proposal Details

Research from concept to market: case study

Group Meetings with coordinators

Journals, publication, and the peer review
process

Group project feedback and work
Research Proposal Students created a quality improvement project

or research proposal including background
and significance, objectives, operational
definitions for measurements and statistical
analysis. Proposal drafts were not specifically
assigned or evaluated.

Students developed a research proposal
including background/significance,
hypothesis/specific aims, operational
definitions for measurements, statistical
analysis plan and limitations/alternative
strategies. Submission of draft proposal was
optional but allowed students to get formal,
written feedback.

Research Journal Students answered guided questions to reflect
on class topics, their participation in the
research process, and on the group dynamics
within their research teams.

No research journal.

Worksheets Abstract and methods. Students were given
written feedback by course instructor.

Literature review, Research question, Research
design, Measurement/data collection, Data
analyses plan, IRB plan. All worksheets were
graded via a rubric, which was distributed at
the time the assignment was given.

Meeting with content
experts

Projects were matched with faculty with
expertise on the topic. Student groups met
with faculty at least twice to discuss their
projects.

Projects were matched with faculty with
expertise on the topic. Student groups met
with faculty at least twice to discuss their
projects.

Meeting with
course coordinators

No formal meetings with course coordinators
for discussion of projects. Informal meetings
were held ad hoc at the end of class.

Student groups met with course coordinators to
receive feedback on their project. Meetings
occurred both formally, at pre-assigned
times, and informally at “open” sessions
during the last one half of class.

Presentations Students presented their proposed research in
front of the class and also provided feedback
to other group presentations.

After final proposal was submitted and graded,
student groups presented their proposed work
to the rest of the class. Presentations were 8-
10 minutes long with 3-4 minutes for
questions.

Examinations Final examination at the end of the course. No examination.
Grade distribution Research Journal: 40 points (4x10 points) Assignments: 60 points

Research Proposal: 25 points Research Proposal: 25 points
Student Presentation: 15 points Student Presentations: 15 points
Examination: 20 points

Final Grade Pass/Fail Pass/Fail
Minimum of 80% of the points for assignments

and student presentations and, at least, 75%
on the final examination.

Minimum of 70% of the points for assignments
and presentation and, at least, 70% on the
research proposal.
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In constructing the background/significance section,
students were required to read, interpret, and sum-
marize the literature, which is an important skill that
students take with them to use in their clinical rota-
tions, residencies, and future careers as pharmacists.
Students may be more comfortable with this section
of the proposal because of their introductory experi-
ences with reading, interpreting, and analyzing litera-
ture in the evidence-based pharmacy courses from
their first and second professional years. Moreover,
this background/significance section is primarily
retrospective in nature and does not require the same
degree of creative synthesis as other parts of the pro-
posal, such as determining study designs and analyses
to answer specific research questions.

There was an 18% increase in the median statistical
analysis section scores between the two academic years.
This difference did not reach statistical significance, sug-
gesting that the more structured, guided format of the
coursemay not be as effective at improving student learn-
ing outcomes for this topic as it was for other topics.
Notably, in both academic years, students were asked
only to select the appropriate data analysis plan to re-
ceive full credit in this section; they were not asked to
perform any statistical tests. Because statistics is covered
in depth during a prior course in the curriculum (during
fall of their second year), the Pharmacy Practice Research
course dedicates only two hours to reviewing statisti-
cal methods. The poor performance on the statistical
analysis section within the research proposals may re-
flect a loss of knowledge following the prior course. This
finding may also reflect the difficulty associated with
mastering data analysis and statistics without repeated
application of the material. Pharmacy students’ confi-
dence in their abilities to evaluate statistical methods in
medical literature is low at baseline, even among those
who took a statistics course prior to pharmacy school.20

Furthermore, past studies on PharmD research and liter-
ature evaluation courses,19,21 as well as on biostatistics
knowledge among pharmacy students, 22 residents,23 and
practitioners24,25 have reported lower degrees of com-
petency with biostatistics than other aspects of research
design and interpretation. Enhancing students under-
standing and application of statistical testing is an obvious
area for improvement in this and other PharmD research
design courses.

Our study findings are limited by the fact that the
study was retrospective, and therefore randomization
was not possible. However, efforts to mitigate this limi-
tation were made by conducting the study with relatively
high stringency. All student research proposals were
graded by independent reviewers who are pharmacists,

researchers, and educators. Additionally, to decrease bias,
all research proposals were de-identified to student and
academic year, and a formal rubric that had been pilot
tested by the reviewers was used for grading. Another
limitation of the study was the small sample size. Only
a sample of 10 proposals out of 20 and 22, respectively,
from 2013-2014 and 2015-2016 were assessed. How-
ever, despite the small sample size, we were able to find
significant differences in reviewer assigned points for
overall proposal score and for two of the subsections.
Although it is quite possible that a larger sample size
may have revealed significant differences in additional
subsections, our findings support the hypothesis that
the more formalized, guided teaching approach provided
during the later academic year resulted in improved learn-
ing outcomes for the students. Despite the improved
scores, there were still sections in the later academic year
with some relative weaknesses, such as that relating to
data analysis and statistical testing, that should be
addressed in future iterations of the course.

CONCLUSION
This study demonstrated that a more formal teaching

approach with structured, guided activities resulted in
improved quality of research proposals submitted by
pharmacy students. Adding more structure, more assign-
ments, and additional rubric-guided feedback for those
assignments and focusing assignments to highlight a spe-
cific aspect of the research proposal process enhanced
student performance on their research proposals. Because
not all aspects of the research proposal were improved
with this more structured format, future research is
needed to better understand teaching strategies that will
support continued student development and mastery of
topics such as statistics/data analysis and human subjects’
protection.
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