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Objective. To incorporate a pharmacy informatics program in the didactic curriculum of a team-based
learning institution and to assess students’ knowledge of and confidence with health informatics during
the course.
Design. A previously developed online pharmacy informatics course was adapted and implemented
into a team-based learning (TBL) 3-credit-hour drug information course for doctor of pharmacy
(PharmD) students in their second didactic year. During a period of five weeks (15 contact hours),
students used the online pharmacy informatics modules as part of their readiness assurance process.
Additional material was developed to comply with the TBL principles. Online pre/postsurveys were
administered to evaluate knowledge gained and students’ perceptions of the informatics program.
Assessment. Eighty-three second-year students (84% response rate) completed the surveys. Participants’
knowledge of electronic health records, computerized physician order entry, pharmacy information
systems, and clinical decision support was significantly improved. Additionally, their confidence signif-
icantly improved in terms of describing health informatics terminology, describing the benefits and
barriers of using health information technology, and understanding reasons for systematically processing
health information.
Conclusion. Students responded favorably to the incorporation of pharmacy informatics content into
a drug information course using a TBL approach. Students met the learning objectives of seven thematic
areas and had positive attitudes toward the course after its completion.

Keywords: pharmacy informatics, team-based learning, drug information, active learning

INTRODUCTION
In recent years, health care in the United States has

seen increasing changes in the methods in which clinical
data are generated, captured, shared, and used bymultiple
stakeholders.1 In this fast environment, health care pro-
fessionals not only have to demonstrate competency in
direct patient care and collaborative decision making but
must also master health information technology (HIT),
a key element of health care professionals’ daily work
environment that must be correctly used to provide qual-
ity and safe care.2-4

Traditionally, health care workers did not received
formal HIT training during formative education years.5,6

To address this gap, the Institute of Medicine (IOM) rec-
ognized HIT and informatics knowledge as an essential

skill that health care professionals should accomplish dur-
ing their education to improve health care quality and
safety.7,8 The Accreditation Council for Pharmacy Edu-
cation (ACPE) used the IOM report to help guide their
2016 Standards for the Didactic PharmD Curriculum.9

The standards provide the following student outcome in
health informatics: “Effective and secure use of electronic
and other technology-based systems, including electronic
health records, to capture, store, retrieve, and analyze data
for use in patient care, and confidentially/legally share
health information in accordance with federal policies.”9

Todate, limited literature is available on the design and
implementation of HIT and informatics training curriculum
with special emphasis on the pharmacist’s role promoting
HIT use.10-16 Insufficient data are available to inform phar-
macyeducatorsofoptions for includingpharmacy informat-
ics in their curricula. Previous studies by Flynn5 and Fox13

revealed insufficient pharmacy informatics education,
showing that informatics courses were prevalent in only
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33% and 36% of pharmacy schools, respectively. Phar-
macy schools in the United States are striving to meet the
new ACPE standards and, at the same time, emphasizing
active-learning pedagogy. To this end, the purpose of this
studywas to incorporate a pharmacy informatics program
in the didactic curriculum of a team-based learning TBL
institution and to assess the students’ knowledge of and
confidence with health informatics during the course.

DESIGN
One of the required ACPE competencies for PharmD

students is the effective use ofmultiple electronic resources
to answer patient-care questions.9 When answering drug
information questions, pharmacy students are trained to
obtain additional background information about a patient
from the requestor and use literature information resources
(ie, tertiary and primary sources) to answer questions. Tra-
ditionally, patients’ clinical background is obtaineddirectly
from the patient, the provider, or medical charts. However,
as more health systems adopt electronic health records,
pharmacists have ready access to more patient-specific
clinical data essential to formulate better individualized
responses.17 Thus, electronic health records are additional
patient specific information resources that pharmacists
need to use as part of the systematic approach of answering
drug-related information questions.17

The pharmacy informatics program was incorporated
into a 3-unit course in drug information (DI) and literature
evaluation for second-year pharmacy students. Theprimary
student-learning outcome (SLO) for the informatics section
was to demonstrate understanding of basic concepts of HIT
and pharmacy informatics. Competency indicators for the
SLO included ability to: (1) define basic terminology used
in HIT; (2) describe the benefits and current constraints
using information and communication technology in health
care; and (3) demonstrate understanding of the benefits and
venues for the systematic processing of data (transactional
and analytical) to advance health care and the various ways
pharmacists may interact with analytical data.

Team-based learning is a type of cooperative learning
pedagogy widely used in multiple fields including health
professions education.18,19 Students are held accountable
for learning basic concepts outside the class, while time
in class is mainly spent on active learning through small
group work. In addition to outside class preparation, there
are four in-class steps in TBL. First, students are evaluated
on basic concepts learned outside class based on pre-
assigned material using a short examination. This step is
also called individual readiness assurance test (iRAT). Sub-
sequently, students retake the test as teams (team readiness
assurance test, tRAT). Following the readiness assurance
process, class time is used on a short mini-lecturewhere the

instructor reinforces basic concepts and applications exer-
cises designed to stimulate active and cooperative learning
of more complex material.19

The authors used a TBL approach to deliver the DI
course during the second didactic year of the professional
pharmacy program at California Northstate University
College of Pharmacy. The pharmacy informatics content
was delivered over the last five consecutive weeks of the
semester and accounted for one third of the DI course with
a total of 15 contact hours. For this study, investigators used
a comprehensive online pharmacy informatics curriculum
developed by faculty members from the Department of
Clinical Pharmacy at the University of California, San
Francisco (UCSF) School of Pharmacy. The primary goal
of this online curriculum, known as Partners in E (PinE),
was to create a flexible and adaptable turnkey to educate
pharmacy students about pharmacy informatics.20 Cur-
rently, the online videos are hosted by the Healthcare In-
formation andManagement SystemsSociety (HIMSS) and
can be accessed free of charge to anyone with an Internet
connection.20 For this course, seven of the original 12 PinE
moduleswere integrated into theDI course. Thesemodules
were selected because their learning objectives and content
overlapped with three competencies from the 2007 ACPE
Standards: (1) define basic terminology used in health in-
formatics; (2) describe the benefits and current constraints
in using information and communication technology in
health care; and (3) know the reasons for the systematic
processing of data, information and knowledge in health
care.9 Table 1 summarizes the content of the selected
videos and their specific learning objectives.

In this course, 18 teams of 5-6 students each (n599)
were formed by the college’s dean of academic affairs
based on student GPA and other socio-demographic char-
acteristics. As part of the outside class preparation phase,
students were required to watch one or two PinE online
videos for their preclass readiness assignment.19 Each of
the videos lasted about 45-60 minutes, time equivalent to
reading 30-50 pages, which is usually accepted for TBL.
Each video was accompanied by specific learning objec-
tives and a viewing guide designed to focus students’
attention to themost salient topics in each video. Students
had access to the material and video links through the
course management system.

Class timewas divided among the iRAT (10-15min),
tRAT (10-15min), mini-lecture (20-30 minutes), applica-
tion exercises (60-90minutes), and break time. The iRAT
was a closed-book individual test administered using au-
dience response technologies. The iRAT tested between
5-10 items that were associated with the video viewing
guide questions. The number of RAT items varied depend-
ing on the length of each question, the number of topics in
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each TBL session, and the expected time students would
take to complete the iRAT and tRAT. The total time al-
located to both was 30 minutes. The tRAT test was also
closed-book and contained the same questions as the
iRAT. Teams used Immediate Feedback Assessment
Technique (IF-AT) scratch-off cards (Epstein Enter-
prises, Cincinnati, OH) to record their answers. If an
answer was correct, a star would appear within the rect-
angle in the scratch-off cards, giving students the correct
response immediately. The use of scratch-off cards fa-
cilitated team discussion and cooperative learning and
gave instructor immediate class performance results.21

Additionally, the instructor provided rationale for each
of the correct answers and had the ability to emphasize
specific video content material that appeared to be mis-
understood based on the iRAT results. Following the
readiness assurance process, the instructor proceeded
to deliver a short mini-lecture that expanded on the pre-
class video content and introduced the application ex-
ercises to students.

Application exercises targeted higher Bloom’s
Taxonomy levels of learning.22 Teams had the opportu-
nity to evaluate and/or analyze several case scenarios
around HIT and informatics that pharmacists commonly

Table 1. Pharmacy Informatics Online Videos Content and Learning Objectives

Session Video (Duration in minutes) Session Learning Objectivesa

1 Introduction to Pharmacy Informatics (32:00) Define the concept of pharmacy informatics
Introduction to EMRs, EHRs & PHRs (37:00) Discuss the role of pharmacy informatics in the health care

delivery system
Describe the basic concept of EHRs
Identify the various components of EHRs, EMRs, and PHRs
Identify the barriers to adoption of EHRs, EMRs and PHRs

2 Interoperability (39:00) Define interoperability and its important
Pharmacy Interoperability (8:00) Describe health information exchange

Discuss informatics standards and their use today in health
Describe how interoperability impacts pharmacy practice

3 Principles of E-Rx & Define E-Rx and common terminology used with E-Rx
E-Rx of Controlled Substances
(58:00)

Describe the components of an e-prescribing system

Describe how E-Rx impacts workflow of prescribers,
pharmacists, and patients

Discuss the similarities and differences between federal and
California regulations with regards to E-Rx of controlled
substances

Describe potential impacts of EPCS on pharmacy and
prescriber workflows

4 Computerized Provider Order Entry
(33:00)

Define CPOE and describe barriers to implementation

Clinical Decision Support in Health Information
Technology (45:00)

Describe the impact CPOE has on patient safety outcomes

Identify benefits and limitations associated with CPOE
Define clinical decision support and give various examples in
CPOE and EHRs

Discuss knowledge base creation including evidence criteria,
editorial policy and implementation strategies, to reduce
alert fatigue

5 Data Management (20:47) Describe core components of database management systems
Describe differences between transactional and analytical data
Describe the role of data warehouses, clinical data repositories,
and data mining in health care

Describe various ways pharmacists may interact with
analytical data

Team-based learning; EHR5electronic health records; PHR5personal health records; Rx5electronic prescribing; CPOE5computerized phy-
sician order entry;
aFrom the PinE program learning objectives20
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encounter at different practice settings. Applications ex-
ercises were built with help of pharmacy practitioners
who provided insightful input on real-life problems phar-
macists need to address around informatics. Typically,
teams simultaneously worked on the same application
for 30minutes followed by a class discussionwhere teams
had to justify their answers to the entire class,whichyielded
deeper discussion. The total time spent in class was ap-
proximately two hours and 15minutes. Appendix 1 shows
examples of some application exercises and provides in-
structions to obtain copies of other applications exercises
used during the course.

A prospective study design was used to evaluate
changes in pharmacy students’ attitudes toward, knowl-
edge of, and confidence in achieving competencies in
pharmacy informatics after taking the Drug Literature
Information and Evaluation course. The pre-intervention
and postintervention survey instruments were tested for
face validity by a group of 63 pharmacy students who
completed the survey instruments and made suggestions
for improvement. Furthermore, the survey questionswere
developed by researchers with expertise in health policy,
pharmacy informatics, health literacy, and cultural
competence.

On the first day of the course, before any exposure
to the pharmacy informatics modules, students were
given an online survey, the content of which included
three anonymous identifier questions (in order to link the
pre/postsurveys), general demographic questions (age,
gender), and a question about prior pharmacy informat-
ics experience. There were seven knowledge questions
testing specific knowledge about pharmacy informatics
(Appendix 2), seven Likert-scale questions assessing
students’ attitudes toward health information technol-
ogy and pharmacy informatics, four Likert-scale ques-
tions measuring students’ confidence in their knowledge
of health information technology, and three Likert-scale
questions measuring students’ future intentions to apply
their knowledge of health information technology. After
students had completed all didactic components of the
course (at 15 weeks), they were given the online survey
again. No additional credit or grade was given to stu-
dents who completed the surveys. Students were asked
to answer the survey questions but informed that the
surveyswere anonymous and the results would not affect
their final grade. Approval was obtained to conduct the
study from both the University of California San Fran-
cisco Committee on Human Research and the California
Northstate University Institutional Review Board.

Descriptive statistics were used to summarize stu-
dent demographic information, and McNemar’s test (for
nominal variables) orWilcoxon signed rank test (for ordinal

variables) were used to compare responses before and
after the course. All significance calculations were based
on a 95% confidence interval at an alpha of ,0.05. Data
analyses were performed using SPSS Statistics, v22.0
(SPSS, Inc., Chicago, IL).

EVALUATION AND ASSESSMENT
Eighty-three students completed the pre/post-surveys

(84% response rate). Among these students, 51% (n542)
reported no prior experience in informatics or health in-
formation technology at baseline. However, 46% (n538)
indicated they obtained training in informatics through
work experience, and 6% (n55) described prior instruc-
tion through school coursework or coursework outside the
pharmacy school program.

Figure 1 presents results obtained from the pre/post
knowledge test. The results indicate a significant knowl-
edge gain in all key aspects of pharmacy informatics
taught and assessed in the course. The greatest absolute
percent change in knowledgewas related to computerized
provider order entry (62%, p,0.001) and electronic
health records (41%, p,0.001). In contrast, the smallest
change in knowledge, although significant, was observed
for interoperability (26%, p,0.001) and electronic pre-
scribing (28%, p,0.001).

Analysis of students’ attitudes about the pharmacy
informatics program (Table 2) showed that more respon-
dents in the posttest strongly agreed (19% vs 11%) or
agreed (55% vs 31%) to feeling confident in defining
basic concepts on health informatics compared to the
pretest (p,0.001). Similarly, significant changes were

Figure 1. Comparison of Pharmacy Student Knowledge Be-
fore and After Completing a TBL Pharmacy Informatics
Program. (TBL5team-based learning; CPOE5computerized
physician order entry; EHR5electronic health records;
Rx5pharmacy, *All p values,0.001, Mcnemar Test used.
Refer to Appendix 2 for specific knowledge test questions)
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Table 2. Pharmacy Students’ Attitude Assessed Before and After Completing a Team-based Learning Pharmacy Informatics
Program

Statement

Pretest, n (%) Posttest, n (%)

SA A N D SD SA A N D SD p valuea

Attitudes toward pharmacy
informatics
Health information
technology benefits the
pharmacy profession.

44 (53) 34 (41) 4 (5) 0 (0) 1 (1) 50 (60) 28 (34) 2 (2) 0 (0) 3 (4) 0.64

Health information
technology allows
pharmacists to reduce
operating costs.

28 (34) 41 (49) 12 (15) 2 (2) 0 (0) 41 (49) 29 (35) 9 (11) 1 (1) 3 (4) 0.22

Health information
technology enables
pharmacists to work
more efficiently.

46 (55) 32 (39) 2 (2) 2 (2) 1 (1) 49 (59) 28 (34) 3 (4) 0 (0) 3 (4) 0.92

Health information
technology enables
pharmacists to provide
safer care to their
patients.

41 (49) 34 (41) 5 (6) 2 (2) 1 (1) 43 (52) 35 (42) 2 (2) 0 (0) 3 (4) 0.56

Other pharmacy students in
my program think
learning about health
information technology
is important.

16 (19) 38 (46) 25 (30) 4 (5) 0 (0) 29 (35) 31 (37) 17 (21) 3 (4) 3 (4) 0.19

Pharmacists can influence
policy decisions about
the use of health
information technology.

30 (36) 39 (47) 12 (15) 2 (2) 0 (0) 39 (47) 32 (39) 9 (11) 0 (0) 3 (4) 0.31

Pharmacists can be a main
driver of health
information technology
advancement.

28 (34) 36 (43) 17 (21) 2 (2) 0 (0) 20 (24) 41 (49) 16 (19) 3 (4) 3 (4) 0.29

Confidence in knowledge
I am confident I can define
basic terminology used
in health informatics.

9 (11) 26 (31) 31 (37) 16 (19) 1 (1) 16 (19) 46 (55) 16 (19) 3 (4) 2 (2) , 0.001

I am confident I can
describe the benefits and
current constraints in
using information and
communication
technology in health
care.

8 (10) 26 (31) 33 (40) 14 (17) 2 (2) 20 (24) 41 (49) 16 (19) 3 (4) 3 (4) 0.001

I am confident I know the
reasons for the
systematic processing of
data, information, and
knowledge in health
care.

8 (10) 25 (30) 32 (39) 17 (21) 1 (1) 19 (23) 46 (55) 15 (18) 0 (0) 3 (4) , 0.001

(Continued)
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observed in the students’ perceived ability to describe
the challenges in using communication technology in
health care (p50.001) and understanding the reasons for
systematic processing of data in health care (p,0.001).
Finally, compared to pretest data, a larger proportion of
students agreed in posttest data that they possessed the
skills to become experts in HIT (p50.001). No other
significant changes in students’ attitudes were found.
A higher number of respondents selected the “strongly
disagreed” option in the posttest items, whereas no par-
ticipants selected this option on the pretest question-
naire. In contrast, fewer respondents selected the
“neutral” option in the posttest compared to the pretest
for all items in the attitudes’ questionnaire (Table 2).

There were no significant differences in baseline
knowledge/attitudes or postcourse knowledge/attitudes
when stratified by prior pharmacy informatics training
experience for students who completed both the pre/
postsurveys.

DISCUSSION
In this manuscript, we provided a detailed descrip-

tion of a pharmacy informatics program embedded in
a PharmD second-year didactic curriculum and delivered
in a team-based learning environment. Overall, students
demonstrated superior knowledge improvements in seven

areas related to pharmacy and health information tech-
nologies from the beginning to the end of the course
based on learning objectives. However, the percentage
of students who correctly answered knowledge-specific
questions during the posttest remained below 60%, with
the exception of questions related to computerized order
entry and pharmacy information systems. These results
could be explained by the limited opportunities for
hands-on experiences with these technologies. None-
theless, the objective of this didactic course was to pro-
vide foundational knowledge to maximize pharmacy
informatics learning outcomes in skill laboratories,
and in introductory or advanced pharmacy practice ex-
periences (IPPEs and APPEs, respectively).

Students’ attitudes toward the pharmacy informatics
course remained similar after the course. A significant
shift in perceptions regarding their confidence in phar-
macy informatics knowledge was observed for four of
14 items of the attitudinal survey. A possible explanation
for this may be that, in general, participants had high
positive perceptions on pharmacy informatics at baseline.
Nevertheless, a smaller proportion of students selected
the “neutral” rating scale option in the posttest, indicating
that the program might have been able to sway students’
perceptions regarding pharmacy informatics but power
was not sufficient to detect change. Alternatively, it could

Table 2. (Continued )

Statement

Pretest, n (%) Posttest, n (%)

SA A N D SD SA A N D SD p valuea

I have the necessary
knowledge and skills to
be an expert in health
information technology.

11 (13) 16 (19) 29 (35) 24 (29) 3 (4) 16 (20) 36 (43) 20 (24) 8 (10) 3 (4) 0.001

Future intentions to apply
knowledge
I intend to use health
information technology
to improve patient
safety.

33 (40) 39 (47) 9 (11) 2 (2) 0 (0) 33 (40) 41 (49) 6 (7) 0 (0) 3 (4) 0.97

I intend to educate
pharmacists and/or
pharmacy students about
health information
technology.

25 (30) 38 (46) 18 (22) 2 (2) 0 (0) 31 (37) 37 (45) 11 (13) 1 (1) 3 (4) 0.40

I intend to seek out further
training to improve my
knowledge and skills
related to health
information technology.

30 (36) 42 (51) 10 (12) 1 (1) 0 (0) 28 (34) 37 (45) 13 (16) 1 (1) 4 (5) 0.22

SA5strongly agree, A5agree, N5neutral, D5disagree, SD5strongly disagree
aWilcoxon signed rank test used
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be argued that a gain in pharmacy informatics knowledge
might have increased students’ assertiveness, which could
explain the small surge in the proportion of students who
strongly disagreed with the attitudinal items.

Using the PinE online resource for individual read-
iness material proved to be beneficial and removed the
budgetary and administrative barriers of creating online
content material.10 However, there were some chal-
lenges associated with its implementation in a TBL set-
ting. First, some of the key topics fell outside of the
course coordinator and in-house faculty expertise. Thus,
it was necessary to bring in external speakers who were
content experts but not familiar with TBL. Nevertheless,
the external speakers’ expertise was essential in the de-
velopment of the application exercises that engaged stu-
dents and stimulated higher-level learning. Schools of
pharmacy without internal expertise might tap into local
resources (eg, experts or preceptors) to complement the
didactic PinE content and give students an overview of
how they use pharmacy informatics in their clinical prac-
tice. This approachmay be challenging for institutions in
areas with limited availability of local expertise or lim-
ited resources to offer honoraria.

Second, a common view among students in the
course evaluation was that this didactic course lacked
opportunities to use and interact with technologies such
as electronic health records (EHRs). This finding is sim-
ilar to results from Fuji and Galt’s study that described
the results of an online elective course on pharmacy.16

Having access to e-prescribing and EHR software dem-
onstrations or educational licenses might facilitate the
development of application exercises and provide stu-
dents with better opportunities to understand the basic
functionalities of such technologies. Currently, there are
several free or commercial technologies that offer edu-
cational licenses (Appendix 3). These technologies can
be used in other areas of the curriculum such as skills
laboratories.23

We offered this pharmacy informatics program
to second-year students because it integrated easily with
the Drug Information and Literature Evaluation Course.
However, there were additional advantages of offering
this program to these students. First, second-year stu-
dents had a better understanding of pharmacy practice
compared to first-year students because of knowledge
they obtained through other first-year and second-year
courses (ie, Introduction to Pharmacy Practice and Self-
Care). Thus, students might have been better able to relate
the informatics topics with their future roles. As anecdotal
evidence, we observed that having students with previous
pharmacy technician and other health care-related experi-
ence might have facilitated the completion of application

exercises within teams and potentially enriched the discus-
sion among the entire class. However, we did not system-
atically collect these data. Nevertheless, being exposed to
pharmacy informatics technologies in previous experi-
ences might be considered as a grouping variable when
forming teams for TBL.

Previous studies reported the development of courses
in informatics for pharmacy professional programs, yet
these were designed entirely as online electives courses.
We presented an alternative to integrate pharmacy infor-
matics as required content of the PharmD curricula that
used active-learning pedagogy to overcome the limitations
of online delivery.10,16 This study was innovative in that it
was the first attempt to integrate pharmacy informatics
using a pedagogy proven to improve team work, commu-
nication, and problem-solving skills.18 Moreover, we used
turnkey modules that required minimal training in infor-
matics or in-depth knowledge of course material, facil-
itating replication at other schools.

Although in this studywe integrated the program into
a drug information course, multiple courses in the
PharmD curricula align with the informatics content in-
cluding but not limited to pharmacy practice, pharmacy
management, medication and patient safety, and health
systems courses. A dearth of studies in the pharmacy
education literature identifies the best place in the curric-
ula to integrate informatics when standalone required or
elective course are not viable alternatives. Future research
is warranted to inform educators on this aspect for both
3-year and 4-year PharmD programs and to explore the
possibility of incorporating pharmacy informatics in ther-
apeutic courses and IPPEs and APPEs.

A number of important limitations need to be con-
sidered. First, we could not control for the students learn-
ing about pharmacy informatics outside of the PinE
modules in the time between the preintervention and post-
intervention surveys. Second, there was potential for test/
retest bias as a result of the study design as students were
asked the same knowledge questions on both surveys.
However, in this study, we incorporated an additional
knowledge question about pharmacy informatics content
not covered in the PinE core modules. This knowledge
question showed different results than the other seven
knowledge questions, with no significant difference
(p50.83) in correct answers from pretest (18% correct)
to posttest (19% correct). Finally, the attitudinal items of
the instrument only measured students’ views at discrete
time points and a change in attitudes may be a factor of
outside influences besides the course, including social
desirability, thatwere not assessed in this study.However,
attitude measurement was only one component of the
overall course evaluation in this study.
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SUMMARY
In the context of pharmacy schools striving to pursue

curricular changes to meet new ACPE standards, we found
that students responded favorably to the incorporation
of pharmacy informatics content into a drug information
course using a TBLapproach. Overall, students had positive
attitudes toward the course after its completion, andachieve-
ment of learning objectives for seven thematic areas was
demonstrated by positive results in a postcourse assessment.
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Appendix 1. Team-based Learning Application Exercise Exemplar

Exemplar 1. Choosing you own personal health records (PHR)
Compare and contrast the following PHRs
a) HealthVault (you can sign up for free if you want to explore it in depth) https://www.healthvault.com/us/en
b) Blue Button, http://healthit.gov/patients-families/your-health-data
c) WebMD P PHR (you can sign up for free if you want to explore it in depth) http://www.webmd.com/phr

1. Use the following criteria to compare and contrast these PHRs (complete table)
Intended audience
Easiness of use
Can you import data from your physician’s EMR?
Can you export your data? Can you submit your data to your physician’s EMR?
Do you have to enter data manually? Does it allow you to sync data from a health tracker or mobile apps?
Wealth of information that can be stored (ie, labs, immunizations, allergies, medications, diagnosis).

2. Which one would you use and why?
HealthVault
Blue Button
WebMD PHR

Exemplar 1. E-Prescribing
Case: John tells Dr. Smith which pharmacy he goes to so that she may order his prescriptions at a convenient location. Dr. Smith

wants to e-prescribe the prescriptions. John sees her typing up the prescriptions. She clicks on the “Send” button and tells John that the
prescription will be ready to be picked up when he reaches the pharmacy.

Problem: John reaches the pharmacy in 15 minutes and it is not ready. In fact, the pharmacy does not even see the prescription
orders in their computer system.

Dr. Smith: “I pushed the button. The patient even saw me do it.”
EHR Vendor/e-Prescribing Network: “In order to avoid a network shutdown, we hold onto orders and send them to the

pharmacies in batches. This may cause a slight delay. We have made customers aware of this for years now.”
John: “I am confused. Why was I told one thing and experienced something else. Why does it take so long to do something

electronically? It was better when I carried the paper prescription.”
What negative impact does this problem have on the quality or efficiency of care for this patient?
What are some potential solutions from a policy, technical, or workflow standpoint?
What are some of the temporary workarounds until the problem is resolved?
(Applications exercises can be obtained at http://www.himss.org/library/pharmacy-informatics/partners-in-e or by e-mailing

the corresponding author at ana.hincapie@uc.edu)

American Journal of Pharmaceutical Education 2016; 80 (6) Article 107.

9

 b
y 

gu
es

t o
n 

M
ay

 2
3,

 2
02

3.
 ©

 2
01

6 
A

m
er

ic
an

 A
ss

oc
ia

tio
n 

of
 C

ol
le

ge
s 

of
 P

ha
rm

ac
y

ht
tp

://
w

w
w

.a
jp

e.
or

g
D

ow
nl

oa
de

d 
fr

om
 

https://www.healthvault.com/us/en
http://healthit.gov/patients-families/your-health-data
http://www.webmd.com/phr
http://www.himss.org/library/pharmacy-informatics/partners-in-e
mailto:ana.hincapie@uc.edu
http://www.ajpe.org


Appendix 2. Knowledge Test Questions

1. Data Management
Which of the following data are used in predictive modeling, decision support, and data mining?
A. Transactional
B. Unstructured
C. Operational
D. Analytical
E. I don’t know

2. Clinical Decision Support (CDS)?
What is clinical decision support (CDS)?
A.Laboratory data stored electronically that can be used by health care providers when making decisions
B. Knowledge and person-specific information, intelligently filtered and presented at appropriate times, that can enhance health

and health care
C.A test administered to patients and their caregivers that can help determine patients’ ability to perform self-care
D.An established and defined protocol that a hospital uses when determining appropriate transitions of care for patients
E. I don’t know

3. Computerized Provider Order Entry (CPOE)
What is NOT a barrier to Computerized Provider Order Entry (CPOE) system adoption?
A. High cost of implementation
B. Alert-fatigue
C. Patient mistrust
D. Resistance to change
E. I don’t know

4. Electronic Health Record (EHR)
What term is defined as “the aggregate electronic record of health-related information on an individual that is created and

gathered cumulatively across more than one health care organization and is managed and consulted by licensed clinicians and staff
involved in the individual’s health and care?”

A. Personal health record (PHR)
B. Electronic medical record (EMR)
C. Electronic health record (EHR)
D. Personal medical record (PMR)
E. I don’t know

5. Electronic Prescribing
Which of the following statements about e-prescribing is TRUE?
A.E-prescribing requires a digital image of the prescriber’s signature in order to be valid
B. E-prescribing includes prescriptions that are sent electronically by prescribers and converted into facsimiles at the pharmacy
C. E-prescribing is not allowed for controlled substances
D.E-prescribing often requires fundamental changes in workflow to be implemented fully and effectively
E. I don’t know

6. Interoperability
What is NOT a benefit of interoperability in the health care setting?
A. Safeguards data from privacy and security breaches when providers upgrade their health information systems
B. Ensures complete health information is available to clinicians as patient moves through various health care settings
C. Clinicians can make fact-based decisions so medical errors and redundant tests can be reduced
D. Allows for cost-effective, timely data collection for bio-surveillance, quality measurements, and clinical research
E. I don’t know

7. Pharmacy information system
What is NOT a function of a pharmacy information system?
A. Performing allergy checks when a patient brings in a new prescription
B. Reviewing medication dosage on the prescription to make sure it falls within reasonable clinical guidelines
C. Helping with inventory management of medications within the pharmacy, through bar coding or other means
D. Converting facsimile prescriptions into electronic prescriptions
E. I don’t know
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Appendix 3. Electronic Health Records (EHR) Software Used in Educationa

EHR Vendor EHR Version EHR Type

AHIMA AHIMA Virtual Lab Inpatient- Ambulatory
FlexMedical 7.0 Ambulatory
Greenway Health IMS 17.20 Ambulatory
Healthland 10.4.3 Centriq Inpatient
Kareo EHR 3.0 Ambulatory
McKesson Medisoft Ambulatory
Medisys 1.0 Ambulatory
Meditab Meditab EHR System-IMSBuild Ambulatory
Meditech Meditech Magic, Client/Server.6X Inpatient
Neehr Perfect Neehr Perfect-Most Recent Version Inpatient- Ambulatory
Nextgen Nextgen Ambulatory EHR 5.8, KBM 8.3 Ambulatory
Pearson Neehr Perfect Inpatient- Ambulatory
Practice Fusion Practice Fusion 3.0 Ambulatory
SuccessEHS Success EHS Version 7.2 Ambulatory
aAdapted from the 2015 Certified Electronic Health Record Technology (CEHRT) Directory, National Rural Health Resource Center. https://
www.ruralcenter.org/network-ta/resources/certified-electronic-health-record-technology-cehrt-directory
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