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Objective. To determine the impact of an advanced pharmacy practice experience (APPE) to develop
skills needed to apply an evidence-based approach to population-level practice decisions.
Design. A 4-week evidence-based medicine APPE was implemented that included active-learning
techniques and online learning modules, participation in state drug-policy committee meetings, and
completion of an evidence-based medicine review for a specific drug agent or class.
Assessment. Students’ mean score on application of principles related to biostatistics and information
mastery on posttests increased 15.8% from pretest to posttest. Students’ mean score on a 22-question
information mastery quiz was 90.8%. Mean scores for course evaluation components ranged from 4.8
to 5.0 on a 5-point Likert scale. All respondents indicated they would recommend the APPE to other
students.
Conclusions. An APPE that incorporated content from active drug-policy committees increased stu-
dents’ evidence-based medicine skills and enhanced their understanding of, appreciation for, and
confidence in evidence-based practice.

Keywords: evidence-based medicine, advanced pharmacy practice experience, literature evaluation

INTRODUCTION
Applying evidence-based medicine principles to pa-

tient care decisions ensures the conscientious, explicit,
and judicious use of best evidence in practice.1 Evidence-
based medicine is the principle of incorporating informa-
tion gained from the best available research evidencewith
clinical expertise and applying it to patient and policy
decisions.2,3 Healthcare providers face the daily chal-
lenge of providing the best possible carewhile controlling
cost in today’s environment of direct-to-consumer adver-
tising and high-impact marketing. Therefore, pharmacy
students must develop evaluative skills that differentiate
therapeutic options with high-yield outcomes measures
from those with inferred or surrogate endpoints.

This course addresses curricular outcomes described
in the Accreditation Council for Pharmacy Education
(ACPE) Accreditation Standards and Guidelines for the
Professional Program in Pharmacy under Standard 12,
Professional Competencies and Outcome Expectations.
ACPE calls for graduates to be competent to provide

evidence-based patient-centered and population-based
pharmacy care. Evidence-based practice and decision-
making are specifically outlinedwithin the clinical sciences
content in the pharmacy practice and pharmacist-provided
care, and literature evaluation and research design sec-
tions for curricular content.4 Taking an evidence-based
approach to practicing pharmaceutical care is one way to
ensure that patients and healthcare providers are satisfied
that efforts target a therapeutic outcome that is sensitive to
the needs and desires of the patient.

In addition to the widely practiced 5-step approach
for pharmacists to provide drug information to patients
and other professionals,5 information mastery skills aid
the health care provider in developing a systematic and
rapid approach to identifying the most useful information
available for clinical decision-making.An elective course
in information mastery increased knowledge and confi-
dence regarding evidence-based medicine. Additionally,
students were able to produce higher-quality search strat-
egies and clinical answers than students who did not
complete the course.6 An evidence-based medicine elec-
tive course that incorporated case studies, problem-based
learning, and journal club active-learning activities im-
proved perceived skills and confidence in evaluating the
medical literature. More than 86% of preceptors surveyed
agreed that students who completed the elective course
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had stronger evidence-based medicine skills than nonpar-
ticipants.7 An active-learning approach to assessment of
landmark trials and application of findings to patient care
decisions increased students’ comfort with the technical
aspects of using evidence-basedmedicine skills to evaluate
literature in a third-year elective course.8

The evidence-based approach to patient care is becom-
ing more widely recognized, and the decision-making pro-
cess regarding therapeutic choices can be approached
similarly with a population perspective such as formulary
management of prescription drugs.A fewcourses described
in the literature have targeted students’ development of
pharmacoeconomic evaluation and information mastery
skills to integrate into an evidence-based approach to pa-
tient or population-based care. One such course used a
business plan model to evaluate the implementation of
clinical pharmacy services. One-third of the course fo-
cused on pharmacoeconomics and outcomes research
with topics including cost-minimization, cost-benefit,
cost-effectiveness, and cost-utility analysis.9 Another phar-
macoeconomics course used assignments to develop and
assess drug monographs in a formulary debate approach
as a tool to incorporate evidence-based medicine and
pharmacoeconomic principles.10 Others have highlighted
instruction on the utility of new technology that aids in the
rapid retrieval and evaluation of medical information.11

In a population-based approach to apply evidence-
based medicine, the available evidence does not change,
but individual patient characteristics and preferences are
replaced by a societal need to provide the most effective
care for the entire covered population while controlling
expenditures. Applying evidence-based medicine tech-
niques in the development of preferred drug lists or stra-
tegic tier placement within a formulary structure may
improve the chance that the medications with best thera-
peutic evidence will be the drugs chosen for placement.
This avenue of pharmacy care is providing exciting op-
portunities for graduates.

With limited focus in the curriculum to foster an
evidence-based medicine approach to managed care

formulary development, the University of Arkansas for
Medical Sciences (UAMS) College of Pharmacy per-
formed a needs assessment to determine students’ pre-
paredness to make evidence-based decisions. After a
2-hour review of evidence-based medicine principles, a
posttest was administered to 78 third-year pharmacy stu-
dents to assess students’ ability to critically appraise the
medical literature, including interpreting confidence in-
tervals, statistical significance, and level of evidence. The
mean score for the post-assessment was 71.3% with 48
(61.5%) students scoring 70% or better. Based on these
results, an APPE was developed to focus on development
of skills needed to adopt an evidence-based approach to
practice decisions, with emphasis placed on the contribu-
tions of a pharmacist toward patient care decisions from
a population perspective.

DESIGN
AnEvidence-basedMedicineAPPEdesigned to teach

students the skills needed to retrieve, evaluate, and apply
the available evidence in practice was developed and de-
livered as a 4-week, indirect patient-care experience. The
course included a review of statistical assessment and in-
terpretation and organizing a presentation for population
decision making. Specific goals for the APPE included:
(1) demonstration of an evidence-based approach in the
development of clinical judgment, (2) exposure to issues
related to managed care, cost containment policies, and
reimbursement, (3) development of skills that allow
rapid and accurate assessment of evidence, and (4) use
of appropriate and effective communication skills. The
specific learning objectives for the APPE are outlined in
Table 1.

All APPE students had successfully completed a
3-hour drug literature evaluation/biostatistics course in
the spring semester of their second year that covered drug
information database resources, provided an overview
of published clinical trials and review articles, and
addressed the principles of statistical evaluation. Students
had completed a 3-hour pharmacy administration course

Table 1. Learning Objectives for an Evidence-based Medicine Advanced Pharmacy Practice Experience

At the completion of the APPE, the student should be able to:
Participate in a real-time evidence-based medicine evaluation
Develop an evidence-based medicine approach to clinical decision-making
Explore and increase understanding of issues related to managed care
Develop skills that allow rapid and accurate assessment of the medical evidence
Describe cost containment policies and reimbursement as they relate to patient care
Demonstrate appropriate and effective communication skills to assure complete and accurate information is given to other
healthcare providers

Function as an educator and role model for other students, patients, and colleagues by developing the skills necessary to
effectively evaluate and present available evidence before making a recommendation
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in the fall semester of their third year that covered man-
agement concepts for managed care organizations and
third-party administration. They also completed evidence-
based medicine assignments that consisted of 1 drug liter-
ature evaluation exercise usingacritical appraisalworksheet
and 2 clinical questions requiring search strategy docu-
mentation and final clinical recommendation. The topics
and contact time for this curricular content are outlined
in Table 2.

The evidence-based medicine APPE was designed
using an ability-based outcome philosophy. Students par-
ticipated in real-time, real-world scenarios that required
integration of the knowledge, skills, and attitudes neces-
sary to provide evidence-based recommendations for the
management of covered populations. Assignments and
final projects were identified from the ongoing business
of the Arkansas Medicaid Drug Review Committee and
the Drug Utilization and Evaluation Clinical Committee
of the Arkansas State Employees Employee Benefits Di-
vision as the 2 preceptors for this APPE served on these
state committees. In addition to the 2 pharmacists, other
medical professionals, including physicians and nurses, as
well as administrative personnel from the agency and
members-at-large from the lay community, served on the
committees. Student participation on the committee
projects promoted development of a multidisciplinary ap-
proach to population-centered decisions. Committee activi-
ties onwhich student assignments and projects were based
included recommendation for drug placement within
formulary structures for pharmacy benefit plans, develop-
ment of prior authorization criteria and pathways for spe-
cialty drugs, and development of a new drug database to
process compilation of evidence and recommendations for
agents newly entering the market. Some of these activities
required students to develop questions from clinical case
scenarios to demonstrate the variety of evaluation criteria
that should be addressed in anticipation of the application
of a decision-making algorithm to the various clinical
encounters that might arise for a population. These ques-
tions and search criteria were reviewed with the pre-
ceptor. Students then used search engines to identify
and retrieve information useful to answering the question.
Students were required to have a computer and were pro-
vided access to the Internet and all University ofArkansas
for Medical Sciences (UAMS) library content, including
search engines and databases.

APPE activities included completion of online learn-
ing modules and assessments from the Information Mas-
tery curriculum,12 participation in formal meetings of the
2 state drug-policy committees, and completion of a final
project consisting of an evidence-based medicine review
of a specific drug agent or drug class to be addressed by

one of the aforementioned committees. A scheduled time-
line for completion of the required activities was outlined
during APPE orientation. The project was assigned on the
first day of the APPE, and students were given 1 week to
complete a search strategy and evidence selection pro-
cess. Students completed an online information mastery
module on the fifth day of the APPE. Periodic discussions
with the preceptor during the project development were
designed to review the student’s literature retrieval and
assessment progress and afford the student the opportu-
nity to model the presentation of his/her recommenda-
tions prior to the final presentation on the last day of
the APPE. At these sessions, the students’ question model
(ie, the PICO model consisting of the Patient problem or
population, Intervention, Comparison, andOutcomes), da-
tabases used, literature search strategies, and focus on ap-
propriate patient care outcomes were reviewed. After
ensuring that the evidence-based process was progressing
appropriately, the preceptor asked the student to compile
theavailableevidence intoa recommendation, incorporat-
ing efficacy, safety, tolerability, and pricing considerations.
One such project charged the student with evaluating the
evidence to support the use of a new specialty product,
etanercept, within the pharmacy benefit plan. The student
developed prior authorization criteria that were presented
to and adopted by the state committee. Content for the
evidence-based medicine APPE was mapped to UAMS
College of Pharmacy Competency Statements (Table 3).

The information mastery content of the APPE was
based on an evidence-based medicine course created by
the Office of Educational Research and Development at
Michigan State University. The course consists of 5 mod-
ules including an introduction to evidence-based medi-
cine and individualizedmodules for evaluation of articles
about diagnosis, therapy, prognosis, and meta-analysis.
Goals of the online course covered evidence-based med-
icine terms and definitions such as POEMs (patient ori-
ented evidence that matters), DOEs (disease oriented
evidence), and information mastery, and outlined the ra-
tionale for applying an evidence-based approach to liter-
ature review and clinical decisions.12 The entire course
required 10 to 14 hours to complete. Each module has in-
dividualized learning objectives that include recogniz-
ing drawbacks in commonly used approaches to clinical
decision-making; determining study validity; understand-
ing terms such as “intention to treat,” “relative and abso-
lute risk reduction,” and “number needed to treat/harm”;
understanding study designs and their utility, including
the design of meta-analysis studies; and interpretation of
effects models for this design. Supporting articles, practice
problems, and self-quizzes are included in each of the
learning modules.
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Table 2. Core Curricular Content Related to Evidence-based Medicine Principles Covered in an Advanced Pharmacy Practice
Experience

Contact Time
(Hours)a

C
L
IN

IC
A
L

S
C
IE

N
C
E
S

Pharmacy Practice and Pharmacist-Provided Care 7.8
Evidence-Based practice and decisions

Pharmacotherapy 28.1
Integration of core scientific and systems-based knowledge in patient care decisions

Reinforcement of basic science principles relative to drug treatment
protocols and clinical practice guidelines

Evaluation of clinical trials that validate treatment usefulness

Application of evidence-based decision making to patient care

Drug Information 29.0
Fundamentals of the practice of drug information

Application of drug information skills for delivery of pharmaceutical care

Technology of drug information retrieval for quality assurance

The ability to judge the reliability of various sources of information

Literature Evaluation and Research Design 16.1
Fundamentals of research design and methodology

Principles of evaluation of the primary literature

Practical implications of the primary literature

Principles of research design and analysis in practicing evidence-based pharmacy

S
O
C
IA

L
/B
E
H
A
V
IO

R
A
L
/A
D
M
IN

IS
T
R
A
T
IV

E
S
C
IE

N
C
E
S

Health Care Delivery Systems 34.6
Introduction to United States, state, and local health care delivery systems and their interfaces

Social, political, and economic factors of the U.S. health care delivery system

Principles that influence the distribution of pharmaceutical products and services

Role of public and private insurers, pharmaceutical industry, and managed care
on health care delivery in the United States

Medicare and Medicaid

Indigent care programs

Incidence of and problems associated with drug overuse, underuse, and misuse in the
U.S. health care system

Economics/Pharmacoeconomics 8.9
Economic principles in relation to pharmacoeconomic analysis

Concepts of pharmacoeconomics in relation to patient care

Applications of economic theories and health-related quality-of-life concepts to improve
allocation of limited health care resources

Practice Management 10.0
Management principles (planning, organizing, directing, and controlling resources) applied
to various pharmacy practice settings and patient outcomes

Principles of planning, organizing, directing, and controlling pharmacy resources

Tools, including informatics, needed to assess and address change, increase competitiveness,
improve quality, and optimize patient services

Third-party administration and managed care systems

Health care improvement mechanisms at the micro- and macro-system levels

Pharmacoepidemiology 3.4
Application of principles of epidemiology to the study of drug use and outcomes in large populations

Studies that provide an estimate of the probability of beneficial effects in populations, or
the probability of adverse effects in populations, and other parameters relating to drug use benefit

a Contact time reported in hours for topics mapped to ACPE Appendix B4
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EVALUATION AND ASSESSMENT
Ten students completed the evidence-based medi-

cine APPE over a 3-year period. Grades for the APPE
were calculated as follows: information mastery quizzes,
20%; search strategy, 20%; assessment skills, 20%; final
project presentation, 20%; and professionalism, 20%.The
mean score on the information mastery quiz was 90.8%.
This quiz was completed on the fifth day of the APPE. A
rubric was used to assess performance items including
documentation of appropriate search strategies, literature
assessment and interpretation, the final project presen-
tation, and professionalism (Table 4).

During the first 2 years of theAPPE, gradeswere cal-
culated for 8 students using the evidence-based medicine

APPE rubric. However, in the final offering of the APPE,
the college implemented a new assessment rubric for
use in all APPEs. The grades for the 2 students who com-
pleted the evidence-based medicine APPE in the third
year were calculated using the new assessment rubric;
therefore, their scores were not included in the mean
grades reported.

During the first year of the course offering, 5 stu-
dents completed a 10- to 12-question pretest/posttest
that consisted of multiple-choice and short answer or
calculation questions. The pretest was administered on
the first day of the APPE to evaluate students’ baseline
knowledge and the posttest was administered on the final
day to evaluate students’ acquisition and retention of key

Table 3. University of Arkansas for Medical Sciences College of Pharmacy Competency Outcome Content for the Evidence-Based
Medicine Advanced Pharmacy Practice Experience

Content Competencya

70% Apply research processes to inform pharmaceutical policy:
a. Demonstrate the ability to conduct drug literature evaluations,
b. Design quality improvement projects to improve medication use,
c. Apply evidence-based principles when making pharmaceutical policy recommendations,

including drug benefit design recommendations, and
d. Apply principles of pharmacoeconomics and outcome assessment.

30% To demonstrate professional citizenship to promote wellness and prevent disease:
a. Collaborate with various stakeholders pertaining to public health issues and pharmaceutical policy,
b. Perform duties in accordance with legal, ethical, social, economic, and professional guidelines,
c. Maintain professional competence by identifying and analyzing emerging issues, products,

and services that may improve disease prevention and wellness and inform pharmaceutical policies, and
d. Recognize and solve problems using creativity, analysis, and intuition.

a Domain: health improvement, wellness, and disease prevention.

Table 4. Evidence-Based Medicine Performance Assessment of Advanced Pharmacy Practice Experience Students, N 5 8

Section Possible, % Mean, %

Quizzes 20 17.4
Search strategy 20 18.8

Reasonable database(s), keywords, limits; appropriate articles
included/excluded; totality/adequacy of articles

Assessment skills 20 18.9
Recognizes the difference between statistical tests; identifies statistical
significance; identifies special subpopulations or categories; recognizes
strengths and weaknesses of information sources; evaluates validity
of primary drug information

Final project presentation 20 19.3
Able to compile evidence into a format which easily allows the review of the
available information; presents an organized review of information including
any pertinent subpopulation specific findings; communicates with sensitivity and diplomacy;
supports decision with appropriate sources; presents written/oral communications
in a clear, concise and logical manner at the level appropriate for the audience; uses
correct grammar, punctuation, reference system, etc in preparing all written communication

Professionalism 20 19.9
Appearance and decorum; ethics; dedication to excellence
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concepts related to understanding and application of
evidence-based clinical decision-making principles. The
concepts evaluated included application of principles of
biostatistics (ie, power, p values, intention-to-treat, con-
fidence intervals) and information mastery (ie, level of
evidence, resource evaluation, study design, PICO). The
mean score on the pretest was 68.5%, compared to amean
score of 84.3% on the posttest, an increase of 15.8%. Pre-
test scores were not factored into the students’ grades.

The Office of Experiential Education distributed
a student course evaluation each month upon completion
of APPEs. These evaluations used a 5-item Likert scale
(5 5 excellent to 15 poor) to rate APPE preceptors and
courses and included an open response section with ques-
tions on the value of the APPE to professional develop-
ment and understanding of the patient-oriented role of the
licensed pharmacist. De-identified results were returned
to preceptors at the conclusion of each academic year.
Eight of the 10 studentswho completed the evidence-based
medicine APPE submitted a course evaluation (80% re-
sponse rate). The average rating was $ 4.8 on a 5-point
scale (Table 5). All students completing the course eval-
uation said that they would recommend the APPE to an-
other student.

DISCUSSION
The principles of evidence-based decision-making

and clinical practice are essential components in the health
sciences. The integration of these concepts within required
andelective coursework in thepharmacycurriculumis sup-
ported by accreditation and professional standards.4,13-15

To our knowledge this is the first report of an evidence-
based medicine APPE focused on a population-based ap-
proach to application of evidence-basedmedicine principles.
At the time of this APPE offering, courses within our
curriculum (drug information, management, and therapeu-
tics) included content for development of evidence-based
practice skills. That content was designed to impart basic
literature evaluation skills and analytical concepts related
todecision-making for individual patients or related toprac-
tice management concepts for managed care organizations

rather than to providing patient-centered care from a pop-
ulation perspective. Despite the inclusion of this content
within required course work, a needs assessment demon-
strated a deficiency in the concepts required for students
to interpret and apply medical literature effectively from
a population-based perspective. Comments on the course
evaluation confirmed that students did not consider the
skills learned and practiced in this APPE to be repetitive
of previous course work and recommended these types of
activities be extended to all students.

Basing the required components for this APPE
within preceptors’ real-time, real-world committee re-
sponsibilities created an active-learning environment that
facilitated association of conceptual application of con-
cepts to patient-centered pharmacy care decisions. Stu-
dent evaluations showed that the relevance of this APPE
was apparent to students. Students’ comments reflected
appreciation that the APPE fostered professional devel-
opment by increasing understanding of pharmacy prac-
tice roles and responsibilities in managed care and by
developing skills and confidence for life-long learning
related to evidence-based approaches to therapeutic
decision-making.

Despite students’ sentiment that the skills developed
in this APPE should be required for all students, the op-
portunity for a specialized practice experience of this type
for all students was not practicable. This APPE was de-
livered by 2 college faculty members with active, full-
time clinical practice sites. The service responsibilities
of these faculty members to state and university commit-
tees are established components of faculty time and effort,
so integration of APPE learning opportunities focused on
these components of their practice was readily accom-
plished. However, the categorization of the APPE as an
indirect patient care experience limited the number of
APPE offerings available to interested students each ac-
ademic year because the requirement for direct patient
care APPE opportunities provided by these faculty mem-
berswasa lateral consideration. In each instance the indirect
patient care evidence-based medicine APPE was offered,
a direct patient care Acute Care APPE was forfeited.

Table 5. Evidence-based Medicine Advanced Pharmacy Practice Experience Course Evaluation Components, N 5 8a

Question 5 No. (%) 4 No. (%) 3 No. (%) 2 No. (%) 1 No. (%)

1. Rate the value of the experience in this rotation. 7 (87.5) 1 (12.5) 0 0 0
2. Did you feel that you were adequately exposed to the

day-to-day operational aspects in this clerkship?
7 (87.5) 0 1 (12.5) 0 0

3. Rate the degree of satisfaction with this rotation. 6 (75) 2 (25) 0 0 0
4. Rate the degree the clerkship met its goals and

competency objectives.
8 (100) 0 0 0 0

a Scale: 5 5 excellent,very appropriate; 4 5 good, appropriate; 3 5 adequate,satisfactory; 2 5 superficially done,borderline; 15 poor.
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The small sample size is a limitation of this study.
Also, some nonresponse bias occurred as not all students
who completed the APPE returned the course evaluation.
In addition, because the course evaluations are returned to
preceptors in aggregate at the end of the academic year,
the time elapsed between the conclusion of the APPE
and completion of the evaluations is indefinite, and it is
unknownwhether students’ attitudes and confidencewere
sustained over time.

Based on the results of the college’s needs assess-
ment, feedback from the evidence-basedmedicine APPE,
and findings from the ongoing curricular mapping and
assessment of accreditation standards andUAMS compe-
tency outcomes, severalmodifications to the required cur-
riculum have been implemented subsequent to this APPE
offering. Current content relating to evidence-basedmed-
icine includes 3 required courses. USHealth Care System
for Pharmacists, a 2-hour course in the fall semester of the
first year, is designed to equip pharmacy students with
a knowledge base in the areas of pharmacy marketing
and health economics that supports good management
decisions when providing pharmaceutical products and
services for patients and other consumers. Drug Informa-
tion, a 2-hour course in the spring semester of the first
year, introduces students to drug and medical literature
with an emphasis on location, evaluation, and communi-
cation of medical and drug information, and incorporates
use of available library and Internet resources. Evidence-
Based Medicine, Biostatistics, & Pharmacoeconomics,
a 3-hour course in the fall semester of the third year, is
designed to teach students to formulate a focused clini-
cal question and to improve students’ literature critical-
appraisal skills, ability to determine the appropriateness
of various biostatistical analyses, and application of phar-
macoeconomic techniques to inform drug product selec-
tion through integration of statistical analysis and study
design concepts into practical application. Additionally,
the APPE structure has been reorganized to incorporate
more specific categorization than direct and indirect pa-
tient care experiences. Students now have 3 specialty
elective APPE offerings with a managed care focus from
which to choose.

CONCLUSION
An APPE that incorporated assignments and pro-

jects based in active, real, and relevant state committee
business provided an excellent opportunity to enhance
students’ understanding and appreciationof the application
of evidence-based medicine principles to population-based

care. Students’ course evaluations for this APPE served
as supporting information in the college’s decision to
restructure the delivery of evidence-based medicine
principles throughout the core curriculum.
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