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Objective. To evaluate the impact of repeated simulations and testing on the pharmacy practice skills
development of third-year doctor of pharmacy (PharmD) students.
Design. A pharmacy practice skills laboratory was redesigned to reinforce skills development and
enhance retention. Timed, repeated learning experiences that increased in complexity throughout the
semester were used to test student knowledge, skills, and abilities.
Assessment. Over a 5-year period, scores from skills-based activities deemed essential to professional
practice and repeated 4 or more times in the course were analyzed. There was a significant improve-
ment in scores on drug utilization reviews and patient counseling simulations despite the increasing
difficulty and complexity of the medication problems presented (p ,0.001). Students’ scores on
prescription verification and sterile product verification also improved significantly over 3 assess-
ments (p ,0.001), but then plateaued, with less improvement seen in performance on subsequent
assessments.
Conclusion. Providing multiple opportunities for students to conduct or simulate pharmacy practice
activities and then test their knowledge and skills improves students’ learning and performance.
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INTRODUCTION
Pharmacy programs must use and integrate teaching

and learning methods that have been shown through cur-
ricular assessments to produce graduates who become
competent pharmacists.1 Learning a new skill encom-
passes 3 phases: the cognitive phase (identification and
development of the component parts of the skill), the as-
sociative phase (linking the component parts into a
smooth action), and the autonomous phase (developing
the learned skill so that it becomes automatic).2,3 The
teaching of a skill can be accomplished using 2 educa-
tional components: verbal instructions and demonstra-
tion, which produce a mental picture of the skill for the
student; and practice with feedback, which allows the
student to improve the performance of the skill.

Multiple testing not only enhances learning, it also
improves long-term retention.4,5 The School of Pharmacy
andHealth Professions at CreightonUniversity took these
ideas regarding skill development and long-term learning

and used them to construct a pharmacy practice skills
“learning laboratory.” This 15-week laboratory course
is conducted parallel to the classroom-based portion of
the curriculum and designed to allow students to apply
classroom material. The course’s intent was to develop
students’ cognitive or performance skills in the areas
covered in the classroom. This longitudinal skills devel-
opment experience reinforces educational outcomes
through student participation in knowledge in use activ-
ities which provide feedback on student performance.
It also provides a curricular structure for the use of em-
bedded assessments that may be used to demonstrate stu-
dent competence achievement of educational outcomes
and generate data for programmatic assessment.

DESIGN
The Dispensing and Pharmaceutical Care Labora-

tory was a 1-credit hour laboratory, aligned with a corre-
sponding 2-credit hour lecture, occurring in the second
semester of the third year of the pharmacy curriculum.
The laboratory was intended to provide students with an
opportunity to enhance their skill development and apply
knowledge learned in the classroom. Students enrolled in
the school’s campus pathway and those enrolled in the
distance pathway had to complete the 15-week required
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laboratory course. There were an average 163 third-year
pharmacy students enrolled in the laboratory per semes-
ter. The campus students were divided into 2 sections
and met for a 3-hour session once weekly. Distance stu-
dents completed the classroom content of the course
synchronously with the campus students throughout
the semester via classroom capture technology and com-
pleted the laboratory portion on campus during a 2-week
summer session occurring approximately 3 weeks be-
fore the initiation of advanced pharmacy practice expe-
riences (APPEs).

In 2007, faculty members redesigned the Dispensing
and Pharmaceutical Care Laboratory. Pioneering practice
skill activities were conceived and developed to be step-
ping stones for students as they progressed toward their
APPEs. Experiences were designed that used active-
learning methods to advance students’ ability to think
andproblemsolve in a self-reliant andcriticalway.Equally
important was ensuring that students possessed the basic
knowledge, skills, and abilities to independently practice
pharmacy at the time of graduation. Simulated experiences
were added to the laboratory that involved communica-
tion skills, critical decision making, and patient safety in
the health care setting. These performance-based assess-
ments mimicked real-world scenarios in order to enrich
and heighten students’ skills development.

In the practice laboratory setting, it was vital to use
teaching and learning techniques that aided in students’
assimilation of pharmacy principles, supported and ex-
panded students’ knowledge base, and augmented prac-
tice skills and abilities. The frequent testing model (the
“testing effect”) has demonstrated that repeated testing
improves students’ long-term recollection better than re-
peated studying.6 The restructured laboratory activities
implemented this type of testingmodel, in which students
were tested, evaluated, and assessed each week.

This revised laboratory format used 2 different ap-
proaches to student examination and assessment. The first
method used scripted scenarios in which facultymembers
or pharmacy alumni acted as faculty preceptors or stan-
dardized patients and directly interacted with students.
This direct contact allowed them to more easily assess
pharmacy students’ abilities to provide effective patient
care and to ascertain whether students were competent to
enter practice. Because of the large class size, the ideal
one-on-one faculty-student interactions were sometimes
not logistically possible. Innovative, new methods to test
student competency were developed to address this issue.
The second method of assessment used an examination
software program as an efficient and practical means to
assist in evaluation. Non-interactive tasks or “silent” ob-
jective structured clinical examinations were created

that focused on patient safety and drug distribution
(eg, sterile product verification, prescription verifica-
tion). Students repeatedly checked retail and hospital
prescriptions and determined if the prescriptions were
appropriate to dispense. Students then entered their an-
swers into the examination program and were given im-
mediate feedback.

From 2008 to 2012, the laboratory series followed
the same configuration. The first laboratories of the se-
mester were dedicated to reviewing such topics as drug
information; non-sterile compounding; non-oral dosage
forms and home diagnostics; and diabetes care, insulin
pumps, and glucometers. In the last 7 to 8 sessions of the
semester, the laboratory was divided into 10 workstations
and students rotated from one station to the next at deter-
mined intervals (Figure 1). The intent was to structure
multitasking activities in an environment of “controlled
chaos” in which students had tomake accurate and appro-
priatedecisions andprovideoptimumpatient care in a lim-
ited amount of time. All 10 stations had to be completed
and the student had to demonstrate proficiency to receive
a passing score. Examples of activities occurring at these
stations are given in Figure 1.

Many of these restructured sections of the laboratory
curriculum focused on management of various acute and
chronic diseases. Laboratory sessions that paralleled
topics learned in the classroom portion of the course were
designed to reinforce students’ cognitive and performance
skills. These diverse, simulated experiences were re-
peated each week to ensure students had more than one
instance to practice the skill and improve. Tasks and activ-
ities that were deemed essential to professional practice
were repeated 4 or more times during the laboratory series.
These activities included patient counseling, drug utiliza-
tion reviews (brown bag reviews), prescription verifica-
tion, and sterile product verification.

With consistent testing, evaluation, and feedback,
students were expected to become more competent and
confident in providing safe and effective care. Laboratory
objectives focused on these 4 specific abilities and man-
dated that students be able to demonstrate them prior
to their experiential year (eg, students shall evaluate for
accuracy both outpatient prescriptions and inpatient
medication orders filled by other individuals or robotic
systems; given a prescription and patient data, students
shall provide verbal counseling; given a prescription and
patient data, students shall be able to perform a prospec-
tive drug utilization review).

The constructed experiences contained scenarios re-
quiring students to use their knowledge, skills, and abil-
ities to resolve patient issues and optimize therapeutic
outcomes. The design of each activity was deliberate and
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purposeful. Scenarios were standardized to contain the
same types of information. Because of the possibility of
material being shared between pharmacy classes, the
laboratory included different activities each week so
there wasminimal possibility ofmemorization. Students
were informed of the basic layout of the 10 laboratory
stations but were not given any details about the patient
cases or medications they would review.

Students began the laboratory rotations with an in-
troductory laboratory activity that served as a baseline to
gauge their ability. Based on the one-on-one activities and
examination software grades, faculty members could
identify students who might be struggling in certain areas
and ensure that attention or remediationwas given to them
as the semester progressed. Each week, the laboratory
activities became increasingly more complex. Both the
number of prescriptions that students evaluated and the
complexity of patient cases increased from the initial week
to the final week. The 4 activities repeated 4 or more times
during the course are described below.

Brown bag review. One of the 10 stations was the
brown bag review. The brown bag review was a one-on-
one faculty-to-student workstation. Students were given
the patient’s self-care and prescription medications and
asked to perform a drug utilization review. The student
was given a set amount of time to analyze the contents of
the bag. He/she then reported the findings to the faculty
member who had a rubric to assess the student’s recom-
mendations (available from author upon request). There
were 6 drug utilization review categories and each correct
answer was worth 1 point. The student had to achieve
aminimum score to pass the activity. The facultymember
gave the student immediate feedback and reviewed the
important points of the drug utilization review process
specific to that case. The brown bag activity was repeated

weekly, but contained more and different medications
each time (the number increased from approximately
12 medications in the initial review to 17 in the final
review). If several students missed a significant concept,
a similar situation could be repeated in a future brown bag
activity as ameans of remediation. The brown bag review
was repeated 6 times during the semester. The repetitive
nature of performing drug utilization reviewwasmeant to
enhance students’ clinical skills and promote knowledge
retention.

Patient counseling. The patient counseling session
was another weekly rotation and a one-on-one faculty-to-
student workstation. The student was given a prescription
and a patient profile and went into a patient counseling
room where a faculty member or pharmacy alumni was
playing the role of the patient. The student advised the
patient on the newmedication. The student was graded by
the facultymember/alumni, who had a rubric to assess the
information presented and communication skills (avail-
able from author upon request). Each item on the rubric
was worth 1 point and the student had to achieve a mini-
mum score to pass the activity. At the end of the session,
the faculty member/alumni provided feedback to the stu-
dent on the performance. The patient counseling scenar-
ios were repeated eachweekwith new patient profiles and
medications on which to counsel. These sessions became
more involved as the semester progressed (added drug-
drug interactions, therapeutic duplications, patient aller-
gies) andwere designed to promote skill development and
recollection.

Prescription verification. Both prescription verifi-
cation and sterile product verification were repeated
weekly. They were both “silent” objective structured
clinical examinations. Each station in the laboratory was
equipped with a computer. In the prescription verification

Figure 1. Content and rotation order for the 10-station performance assessment process used in the pharmacy skills laboratory.
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workstations, prepared retail prescriptions with hard
copies were laid out for students to check. The student
was given a checklist to help him/her establish a process
or method to check prescriptions (checklist available
from author upon request). The student determined if the
prescription contained any errors or was appropriately
prepared. One point was awarded if the student cor-
rectly identified whether the product should be dis-
pensed. The student recorded his/her answers in an
assessment software program that provided immediate
feedback.

Sterile product verification. Students’ knowledge
and skills in sterile product verification were assessed in
the sameway. The studentwas given physician orders and
the prepared parenterals were laid out in the “hood” for
him/her to check. The student was given a checklist to
help him/her establish an approach to check parenteral
products (checklist available from author upon request).
The student decided if the compounded parenteral prod-
uct contained any errors or if it had been prepared cor-
rectly. One point was awarded if the student correctly
identified whether the product should be dispensed. The
student recorded his/her answers in the same software
program used for prescription verification and received
immediate feedback. In both prescription verification
and sterile product verification activities, the quantity
and complexity of prescriptions were increased through-
out the semester.

EVALUATION AND ASSESSMENT
The 15-week laboratory course was completed by

814 third-year students from 2008 to 2012. Scores from
activities repeated 4 or more times (patient counseling,
brown bag reviews, prescription verification, and sterile
product verification) were analyzed to determine whether
students’ performance improved with repeated activities.
Grading in the laboratory course involved 2 categories
of assessment: knowledge-based testing and skills-based
performance, according to a definitional system model.7

Each category was equally valuable and exceptional per-
formance in one could not compensate for poor perfor-
mance in the other. To receive a passing grade, the student
was required to meet or exceed the standards for each
category. The grade for the knowledge-based testing cat-
egory was determined by students’ performance on quiz-
zes. For the skills-based category, students were required
to meet or exceedminimum competency standards in each
of the laboratory assignments and/or exercises where
pointswere earnedbasedon student performance and com-
munication skills. Students received a pass-fail grade for
the laboratory skills based on their performance on the
laboratory activities: A 5 passed 90% or more of the

activities; B5 passed 80% or more of activities; and C5
passed 75% ormore of activities. For example, if a student
received an A average on the quizzes but passed less than
75% of the laboratory assignments, the student failed the
course. Students had to achieve a passing grade in the
course before beginning their APPEs.

Statistical analysis was performed using SPSS Sta-
tistics 20 (IBM Corporation, Armonk, NY). For student
performance data from the brown bag, patient counseling,
and prescription verification exercises, one-way repeated
measures ANOVAwith both within and between subject
factor effects were used to test whether student mean
scores on trials were improved over times and across
years. This was followed by a separate repeated mea-
sures ANOVA with only within subject factor effect
conducted on all exercises for each academic year. Con-
trastsweremade to compare themeans of each trial to the
previous one. A p value, 0.05 for all tests was considered
significant.

Student scores were significantly improved both
with repeated attempts (trials) within the same academic
year as well as across academic years for the 3 exercises,
drug utilization review (brown bag reviews), patient
counseling, and prescription verification (Table 1). The
trends of student performance scores on repeated trials
across 5 years for brown bag, patient counseling, and pre-
scription verification exercises are shown in Figure 2,
Figure 3, and Figure 4, respectively. These figures illus-
trate repeated attempts by the same student within the
academic year for each of the 5 academic years. Students
performed continuously better on the brown bag exer-
cises, despite the increasing difficulty and complexity
of the medication problems (p 5 0.001 for all compar-
isons). This was true for all yearsmeasured, 2008 through
2012 (p 5 0.001). Likewise, for patient counseling
exercises, student scores improved significantly with

Table 1. Comparison of Mean Student Scores With Repeated
Attempts Within Each Year and Between Subsequent Years
for Drug Utilization Reviews, Patient Counseling, and
Prescription Verification Exercises

Laboratory Exercise Comparison P

Drug utilization review
Student scores for each attempt within year , 0.001
Student scores across academic years , 0.001

Patient counseling
Student scores for each attempt within year , 0.001
Student scores across academic years , 0.001

Prescription verification
Student scores for each attempt within year , 0.001
Student scores across academic years , 0.001
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each assessment (p 5 0.001 for all comparisons); this
was found for all years measured, 2008 through 2012
(p 5 0.001).

For the prescription verification exercises, student
performance was measured for years 2009 through
2012. Scores continued to improve in all years with each
repeated trial (at least p5 0.002 for all comparisons), but
plateaued, with less significant improvement (or no sig-
nificance) in performance seen after the third trial. This
trend was also true for student scores in sterile product
verification.

Table 2 shows the grand means of student perfor-
mance scores for each of the academic years and the com-
parisons between the mean for that year and the mean for
the previous year for the exercises (except sterile product
verification). Scores significantly improved chronologi-
cally for brownbag exercises and prescription verification
exercises, but not for patient counseling exercise in which
improvement was found only in the period of 2009 to
2010 and 2010 to 2011.

DISCUSSION
We attempted to design an educational environment

that maximized learning opportunities by using multiple
assessments. We collected student performance data for
5 academic years to evaluate whether we were successful
in this endeavor. Over this period, we examined scores
from skills-based activities repeated 4 or more times.
Mean student scores continued to improve with the more
cognitive practice skills (drug utilization reviews and pa-
tient counseling), even over 4 or more exercises. On the
contrary, student scores associated with more technical
skills of prescription verification (retail and parenteral
product confirmation or checking) plateaued after com-
pleting 3 activities. These data are important in 2 ways.
First, even though we increased the complexity of the
brown bag reviews and the patient counseling sessions,
student performance continued to improve with each
challenge. These facts lend credence to the idea that
the more cognitive skills of pharmacy practice deserve
deliberate practice and feedback to improve student per-
formance, and that these activities should be performed
by a pharmacist and not other persons associated with
pharmacy practice (technicians).

After increasing over the first 3 activities, prescrip-
tion verification scores tended to plateau, suggesting that

Figure 2. Mean student scores for brown bag exercises for
repeated trials within years and across years.

Figure 3. Mean student scores for patient counseling exercises
for repeated trials within years and across years.

Figure 4. Mean student scores for retail prescription verifica-
tion exercises for repeated trials within years and across years.

Table 2. Comparison of Mean Student Scores for 3 Pharmacy
Practice Skill Exercises Across Academic Years 2008-2012a

Student Performance, Mean

2008 2009 2010 2011 2012

Brown bag 8.7 9.4 10.7 12.6 16.4
Patient counseling 35.0 35.3 36.6 38.8 39.0
Prescription verification 5.2 5.6 6.0 6.2
a All comparisons between years were significant except for patient
counseling years 2009-08 and 2012-11.
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the majority of students had achieved some degree of
“mastery” of these activities. These data suggest that these
less cognitive pharmacy practice skills could be performed
by pharmacy support personnel (technicians), freeing up
pharmacists for more patient-centered practice. In the lab-
oratory sessions, the number of trials for these verifica-
tion activities has been reduced to allow the introduction
of new experiences. To require students to complete
more attempts would consume valuable laboratory time
with minimal additional benefit to student learning.

There was an increasing trend in student scores with
repeated attempts (trials) from academic years 2008 to
2012. We hypothesize that it was our continued revisions
to the laboratory process that accounted for improved
trends in scores. Each year, student feedback was used
as a means to enhance the laboratory experience, both in
process and outcome. Thus, continuous quality improve-
ments were made with each laboratory offering. Initially,
the majority of activities were one-on-one interactions
between a faculty member and a student; however, 2
issues arose. The amount of dedicated faculty members
needed to conduct the laboratory sessions and the tre-
mendous associated workload became problematic. Ad-
ditionally, all rubrics and checklists were on paper, which
required time to grade and delayed student feedback
on their performance by weeks. Constructing activities
using examination software that graded students and
provided immediate feedback to them on performance
solved both of these problems and may account for the
continued improvement seen in student scores in subse-
quent academic years.

Some students expressed concerns on course surveys
that they were being tested on activities that they had
never before practiced. To address this, videosweremade
to demonstrate what an appropriate patient counseling
session entailed.A video of a facultymember demonstrat-
ing a stepwise approach to conducting a brownbag review
was also composed to give students an idea of how a phar-
macist should approach this activity. Similarly, students
had no method or process to follow when checking retail
prescriptions and sterile products, so checklists were made
and distributed to students. This gave students a starting
point to develop a system that worked for them and the

addition of this tool also may have improved performance
over the years.

Student feedback also addressed inconsistent grad-
ing among faculty and pharmacy alumni as potentially
problematic and affecting their scores. In response, videos
of an acceptable and unacceptable patient counseling ses-
sion were generated for faculty members that provided
detailed explanations on how they should grade each of
these sessions using the patient counseling rubric. Brown
bag review videos discussing the purpose and expecta-
tions of drug utilization review were also produced and
disseminated to faculty members in an attempt to improve
inter-rater reliability.

CONCLUSION
Conducting repeated assessments of students and

providing immediate feedback to them can create an ed-
ucational environment that maximizes student learning
(eg, drug utilization reviews and patient counseling) while
minimizing facultymember and studentworkload (eg, pre-
scription verification). Such a pharmacy skills practice en-
vironment can improve the cognitive skills and abilities
necessary for students to become competent and proficient
pharmacy practitioners.
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