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A review of the literature on the effectiveness of educational technologies to teach patient care skills to
pharmacy students was conducted. Nineteen articles met inclusion criteria for the review. Seven of the
articles included computer-aided instruction, 4 utilized human-patient simulation, 1 used both computer-
aided instruction and human-patient simulation, and 7 utilized virtual patients. Educational technology
was employed with more than 2700 students at 12 colleges and schools of pharmacy in courses
including pharmacotherapeutics, skills and patient care laboratories, drug diversion, and advanced
pharmacy practice experience (APPE) orientation. Students who learned by means of human-patient
simulation and virtual patients reported enjoying the learning activity, whereas the results with com-
puter-aided instruction were mixed. Moreover, the effect on learning was significant in the human-
patient simulation and virtual patient studies, while conflicting data emerged on the effectiveness of
computer-aided instruction.
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INTRODUCTION
Effective use of educational technology has become

essential to pharmacy curricula. In a 2011 survey of
accredited US colleges and schools of pharmacy, nearly
all were using some type of technology to present infor-
mation to students (lecture capture, 69.6%; presentation
software, 98.9%; presentation hardware, 75.3%), and
most programs were using technologies to actively en-
gage students (web conferencing, 74.2%; interactive vid-
eoconferencing, 61.8%; audience response systems,
88.8%; blogging/microblogging, 59.5%; document col-
laboration, 66.3%; wiki tools, 66.3%).1 While the ubiq-
uitous presence of educational technology in pharmacy
schools across the country reflects pedagogical advan-
tages and attraction to these platforms among students,
its rapid growth can also be attributed to support from phar-
macy organizations and accrediting bodies. The Center for
the Advancement of Pharmacy Education (CAPE) and the
AccreditationCouncil forPharmacyEducation (ACPE) con-
tinue to promote the use of effective educational technology
in pharmacy curricula to enhance graduate skills as patient

care providers, problems solvers, patient educators, and
health care collaborators.2, 3

To meet the demands of the profession and expecta-
tions of pharmacy education leadership, development of
patient care skills, with an emphasis on “patient-centered
care,” is at the forefront of most pharmacy curricula.
These skills are typically taught and assessed through
curricular integrated, active-learning sessions involving
problem-based learning, team-based learning, and/or
case-based learning practica, and typically afford the
learner only one opportunity to showcase their abilities.4

Students are expected to retain patient care skills devel-
oped through practica in order to hone them during prac-
tice experiences. In this model, repetition opportunities,
formative faculty feedback, clinical variation, individu-
alized learning, and experience fidelity can be limited.
Educational technologies may offer faculty members a
more effective means of teaching and assessing patient-
care skills in safe, active-learning environments. Computer-
aided instruction, mannequin model simulators, and
virtual patients offer students high fidelity, yet safe learn-
ing environments in which to both succeed and fail. In
addition, these individualized, active-learning strategies
offer students repetition opportunities in a variety of re-
alistic clinical settings with faculty developed feedback.5

This review summarizes the published studies that
assess patient care skill development through educational
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technology in pharmacy curricula. In this review, educa-
tional technology is defined as any computer-aided in-
struction, human-patient simulation, or virtual patient.

LITERATURE SEARCH
A comprehensive search of the PubMed database was

performed and included any publication through February
2014. The Medical Subjects Heading (MeSH) term phar-
macyeducationwascombinedwith theeachof the following
text search terms: computer-aided instruction, computer-
assisted learning, human-patient simulator, and virtual pa-
tient. This search was duplicated using the International
Pharmaceutical Abstracts database. All studies included
in the review reported student learning and satisfaction
with the specific educational technology in the develop-
ment of patient care skills in a pharmacy curriculum.
Studies outside the discipline of pharmacy or those that
did not meet the listed criteria were excluded. Additional
reasons for exclusion included: the use of standardized
patients, education of health care professionals (not stu-
dents), and abstract-only papers. Abstracts that resulted
from this initial search were manually screened by the
authors for relevance to the review. Additionally, a review
of citations of the pertinent literature was performed.

The following information was extracted from the
selected articles: (1) type of educational technology
employed, (2) number of students involved, (3) educa-
tional year of the students, (4) institution at which tech-
nology was utilized, (5) course/setting of the technology
use, (6) evaluation and assessments of technology and
student performance, (7) student satisfaction, (8) role of
instructors, (9) limitations, and (10) authors’ conclusions.

FINDINGS
The literature search generated a result of 104 arti-

cles using the combined search terms in PubMed. The
majority of articles were excluded because they included
only standardized patients, were not in the discipline of
pharmacy, or did not include the education of pharmacy
students specifically (ie, technology was developed to
educate pharmacists). The remaining articles were ex-
cluded because assessment and satisfaction data were
not reported, and/or the educational technology was not
used to develop patient care skills. The search of the In-
ternational Pharmaceutical Abstracts database generated
76 articles. The majority of articles indexed in this search
were excluded because they included an abstract only
with inadequate information, were not focused in patient
care, or were developed to educate pharmacists. A com-
prehensive review of the literature by authors added 3
articles to the search. The final article count was 19. Ed-
ucational technology was employed with more than 2700

students at 12 colleges and schools around the globe.
Tables 1-3 summarize the studies included, which tech-
nology was employed, educational year of students, and
settings in which the technology was used.

Computer-aided Instruction
Seven studies examined computer-aided instruction

(CAI), consisting of lecture capture, CD-ROM, audience
response systems, course management systems, and/or
web instruction and delivered to more than 1100 students.
Of the 7 studies, 3 employed lecture capture,6-8 1 employed
a CD-ROM,9 1 employed an audience response system,10

1 a learning management system,11 and 1 used web-based
instruction.12 Assessment of the CAI tools was measured
mostly by examination scores, course grades, and/or
preCAI and postCAI questions. Themost commonmethod
of collecting satisfaction data was a postcourse survey.
Descriptions of how this technology was utilized and
how assessment and satisfaction data was collected are
summarized in Table 1.

Results of using variousmethods ofCAIweremixed.
Lecture capture had no effect on presentation grades, and
while some studies reported higher examination grades,
though not higher final grades compared to historical
controls; others reported higher examination grades in
historical controls.6-8 The method of delivering the lec-
ture capture was different among the 3 studies. One
allowed the videos to be available for 72 hours,6 1 used
a 4-panel view for streaming the lectures,7 and 1 used pre-
recorded lectures.8 Additionally, 1 study reported that
there was no difference in final course grades for the
number of lectures viewed or the minutes of lectures
viewed, although the average total number of accessions
was low (3.4 out of 24 available).6 The use of CD-ROMas
ameans of CAI did not improve examination scores either
(p50.85).9 This study did report, however, a significant
increase in efficiency and student perception of learning.9

When an audience response system was utilized in an
orientation prior to APPEs, students reported an increase
in confidence in the majority of therapeutic areas, despite
the average class scores ranging from a 32% in the area of
nonprescription products to 93% in the area of head-
aches.10 The aim of the study using the audience response
system, it should be noted, was to review therapeutics
and gather assessment level data; it was not developed
to measure the effectiveness of the technology. A patient-
case workshop that used a learning management sys-
tem, redesigned to provide more immediate feedback to
students, found that students significantly improved in out-
comes related to managing adverse drug events, drug in-
teractions, monitoring, and patient education (p#0.02).11

Aweb-based applicationwas used to teach preprofessional
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students in a courseondrug abuse anddiversion.This study
found that knowledge increased after using the application
(median percent knowledge gain: 20%; p,0.0001) and
that more students achieved a passing score (defined as at
least 70%) on the posttest compared to the pretest (pretest
pass rate: 33% vs posttest pass rate: 93%; p,0.0001).12

Satisfaction data regarding CAI also returned varied
results.With lecture capture, satisfaction data wasmixed,
although survey response rates were high (56-95%).6-12

One study reported no difference in survey scores,8 while
another reported that more students preferred traditional
lecture vs the 4-panel method (51% vs 36.6%),7 and the
third study reported that more students used the lectures
for completing handouts than studying for examinations.6

The CD-ROM study reported a perception among students
that they learned more (p,0.001) than they did with tradi-
tional teaching, but that there was less time for faculty
members to answer questions (75% vs 38%; p50.01).9

The audience response system was well received by stu-
dents, with 89% stating themethodwas useful.10 Students
reported that the learning management system redesign
allowed them to think on their feet, stimulate their critical-
thinking, rational decision-making, and problem-solving
skills.11 Finally, students agreed in a self-assessment that
web-based instruction allowed them to identify drugs that
may be abused (100%), identify potential methods of
abuse (95%), understand the role of a pharmacist (90%),
identify drug diversion as a problem (90%), and have
confidence in knowing what action to take (80%).12

The means by which CAI can be delivered to students
are numerous and the outcomes and satisfaction among the
students vary.The advantagesof this technologyare that it is
easily employed with larger numbers of students, it can
allow for repetition opportunities and immediate faculty
feedback, and it promotes individualized learning. In this
review, more students used CAI than human-patient simu-
lation, and similar numbers used virtual patients, potentially
highlighting versatility and usability of this educational
technology along with its broader definition. The different
technologies also offer flexibility so that the facultymember
may optimize the content of the course. Some of these tech-
nologies allow for quick generation of assessment data,
while others are merely information vestibules. In order
for these technologies to be implemented successfully, care-
ful planning should go into determiningwhich technology is
best suited for a course, how the effectiveness of the tech-
nologywill bemeasured, the satisfactionof the students, and
most importantly, the impact on student learning.

Human-Patient Simulation
Five articles were identified in which human-patient

simulation (HPS) technology with mannequin modelsT
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was used to educate nearly 400 pharmacy students in P2or
P3 level courses. Four of the 5 articles described the use of
SimMan/SimBaby (Laerdal Medical, Wappingers Falls,
NY) technology,13-16 while the fifth utilized METI
(METI, Sarasota, FL).17 The assessment of the HPS tool
included presimulation and postsimulation quizzes, ex-
amination scores, grading of the simulation activity, and
blood pressure and pulse assessments. Student satisfac-
tion data was collected using postcourse/simulation sur-
veys.Descriptions of how the technologywas utilized and
how assessment and satisfaction data was collected are
summarized in Table 2.

The studies showed that postsimulation quiz scores
were significantly higher than presimulation scores
(p#0.05); this includes naming and treating a condition,
and medication administration.13,14,16 Examination scores
were reported in 1 study, which showed that the average
examination score did improve, but not significantly.How-
ever, scores on data collection and interpretation questions
on the examination did improve significantly (p,0.001).13

Grades specific to the simulation were high and signifi-
cantly improved (p50.029),14 including blood pressure
measurement accuracy (p,0.05);14 but in another study
using HPS, median scores on knowledge-based questions
in advanced cardiac life support were low.17 Students
were able to correctly calculate medication rates (78%),
but struggled with concentration calculations (20%) and
questions relating to asystole or pulseless electrical activ-
ity (21.8%) and ventricular tachycardia (11.7%).17 Re-
sults from an HPS study on myocardial infarction were
higher, with an average examination score of 88%
reported.15

The use of HPSwaswell-received by students in these
studies. Survey response rates were 93-100%.13,15-17 Stu-
dents reported positive attitudes about simulation prior to
and after their experiences, and 88% stated they enjoyed
the simulation.13-15 Students reported that using simulation
enhanced learning,13,17 that they enjoyed the realistic set-
ting,13,16 and that it increased their confidence.14 Seventy
to 94%of students stated theywould likemore simulation
incorporated or would participate again if it was avail-
able.15,17 Other student data resulting from how HPS
was used included reports of enhanced understanding of
the pharmacist’s responsibilities during an advanced car-
diac life support event,17 learning of cardiovascular phar-
macology and therapeutics,17 improved dose calculations
andmedication preparation,17 developed abilities to prob-
lem solve,15 and better patient outcome realization of
clinical decisions.16

Simulation grades, with the exception of those re-
lated to advanced cardiac life support, were significantly
improved with the implementation of HPS. Examination

scores also improved, although more data is needed be-
fore a conclusion can be made. The use of HPS in phar-
macy education seems not only to be enjoyed by students,
but it is also sought after by students. The optimal use of
HPS seems to be in higher level courses in which stu-
dents may act as health care providers. This technology
offers the student a safe environment in which to learn,
both from their successes and their mistakes. A major
disadvantage of this technology is cost. Including the use
of high-fidelity patient mannequins in curriculum is typ-
ically expensive, with both high start-up and operating
costs.18 Assessments of the learner and the activity may
be built into the technology with standard grading ru-
brics used in other patient care activities or with presi-
mulation and postsimulation examinations. Satisfaction
data from the students should also be gathered. Post-
course surveys appear to have a good response rate for
this type of technology.

Virtual Patients
The use of virtual patients (VPs) was described by

7 studies involving approximately 1100 pharmacy students
(Table 3). Software used included vpSim (Decision Simu-
lation LLC, Chadsford, PA),19,20 PharmaCAL (University
of Pittsburgh, PA),21 and TheraSim (TheraSim, Durham,
NC).22 One study employed VPs via e-mail to students,23

1 developed a web-based “virtual family,”24 and the last
designed their own VP program.25 Assessment data of the
tools included Subjective Objective Assessment Plan
(SOAP) note and examination scores, presimulation and
postsimulation tests, presentations of patient evaluation,
self-evaluation, and peer assessment. Satisfaction data
was collected in the 7 studies using postcourse surveys.
Descriptions of how the technology was utilized and how
assessment and satisfaction data was collected are summa-
rized in Table 3.

Virtual patients improved scores on examinations
and/or poststimulation tests in all 7 studies.20-23 Three
studies reported significant increases in postsimulation
quiz scores (p,0.001)20-22with the exception of 1 question
in 1 study.22 In 1 study, the average examination score was
76%; however, the section of the examination covering
VPs, the average score was 90%.19 When VPs replaced
lectures in the same course for different subject material,
there was no difference in scores between students who
completed the VP case vs those the year before who
attended the lecture.20 Final examination scores, an indi-
cator of knowledge retention, were also similar between
these groups.20 In addition to postsimulation quiz and ex-
amination scores, VP simulation significantly improved
knowledge and problem-solving, communication, and pro-
fessional skills, according to student self-assessments
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(p,0.001).23Using 1VPprogram, students answered 90%
of quiz questions correctly, with a 99% response rate . This
study reported no significant difference in quiz scores dur-
ing the first semester; however, students who used the pro-
gramhad significantly higher scores in the second semester
(p,0.05).24 In a study where students selected virtual pa-
tients themselves and cared for them for 2 years, the aver-
age score on a patient evaluation was 79%.25

As with the other educational technologies, survey
response rates were high with VP activities (58.8-
98%).20-22,24,25Despite having little or no experience using
VPs in their course work, 88% of pharmacy students
reported no apprehension using them.21 This technology
provided a positive experience for students, with 82-92%
of students stating they enjoyed the use of VP in their
coursework.19-21,24 Other data from the postcourse surveys
indicated that 63-91%of students statedVPs contributed to
their learning,19,20,22 71-88% stated the content was appro-
priate or covered the learning objectives,19,20 and 97-98%
stated they were intellectually challenged.19,20 Specific
skill sets improved with the use of VPs including medica-
tion therapy management, identification of pertinent pa-
tient information, understanding of electronic medical
records and self-care skills.22,23 Students agreed that more
simulation should be used, that it allowed for a better use of
class time, and that they became better self-directed
learners after using the simulations.20,21 Forty-three per-
cent of students also stated that simulation helped prepare
them for their APPEs.22 One study showed that students
enjoyed selecting their own patients and that the majority
of students learned more about the subject matter by com-
pleting the VP assignment.25

The use of VPs in pharmacy education was effective
and provided students with a positive learning experience
that could be continually repeated. Additionally, it
showed that students were capable of self-directed learn-
ing, utilizing the technology with ease.20 This technology
may be more easily used with larger numbers of students
as it is less resource-intensive than HPS. Virtual patient
technology has the ability to provide immediate assess-
ment of student progression and feedback if programmed
appropriately. As with HPS assessments, it could be built
into the programs or conducted via presimulation and
postsimulation examinations. Student satisfactionwas ef-
fectively gauged using a postcourse survey.

DISCUSSION
The scope of this review included the use of technol-

ogy in educating pharmacy students on the development
of patient care skills. Educational technology is more per-
vasive than ever before in pharmacy curricula, but so too
are the roles and responsibilities pharmacy graduates are

expected to learn. Pharmacists with skills to be effective
clinical providers, educators, and collaborators are needed.
Because faculty members must meet this demand of the
profession with innovative and effective teaching and
learning methods, the design, development, implementa-
tion, and evaluation of educational technology is increas-
ingly important.

This review aimed to summarize the available liter-
ature on the effectiveness of 3 broad categories of educa-
tional technology used in health care education: CAI,
HPS, and VPs. The data collected from the studies in this
review showedmany similarities among the technologies.
It was common for learning to be assessed using pretests
and posttests, in addition to traditional methods such as
examinations. Using postcourse surveys to collect satis-
faction data from students was also common. Differences
were noted in how the technology was utilized, in which
courses technologies were used, and how many students
the technology served. Computer-aided instruction
appeared to be the most easily deployed technology and
the most diverse, but studies that used it showed varied
results in terms of student learning and satisfaction.
Human-patient simulation worked well in higher-level
learning and hands-on learning that directly affected pa-
tient care, was an effective teaching tool, and was widely
enjoyed by students. Virtual patients were flexible and
could be utilized in a variety of courses. While they did
not provide the hands-on learning that HPS did, they
could be directed at higher-level learning as well. Virtual
patient technology, like HPS, was shown to be effective
for student learning and was also enjoyed by students.

Each technology offered advantages over traditional
teaching methods. These advantages were mainly the re-
sult of improved learning experience fidelity, repetition
opportunities, faculty feedback, clinical variation, and in-
dividualized learning. However, these technologies were
not without limitations. Barriers to implementing tech-
nology included student hesitation,9,15,20 the need for
technical support/oversight,9,12,21,22 cost,13,21,26 and re-
source utilization (eg, space, faculty time).13,15,16,19-26

CONCLUSION
Learners of this era are accustomed to using technol-

ogy, and their learning environments should reflect that.
Although educational technology has become common in
pharmacy education,1 there are still steps to take. The
perception among faculty members and students exposed
to technology is positive, from improved perception of
learning, to satisfaction, to wanting more simulation ac-
tivities, 27 and its use iswidely encouragedby accreditation
standards.3 The experiences reported in this review were
overwhelmingly positive, although not all technology
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showed greater effectiveness in educating pharmacy stu-
dents when compared to traditional pedagogy. This re-
view should serve as a summary and encourage faculty
members to engage students with the use of educational
technology.
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