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Computerization is transforming health care. All clinicians are users of health information technology
(HIT). Understanding fundamental principles of informatics, the field focused on information needs
and uses, is essential if HIT is going to support improved patient outcomes. Informatics education for
clinicians is a national priority. Additionally, some informatics experts are needed to bring about
innovations in HIT. A common approach to pharmacy informatics education has been slow to develop.
Meanwhile, accreditation standards for informatics in pharmacy education continue to evolve. A gap
remains in the implementation of informatics education for all pharmacy students and it is unclear what
expert informatics training should cover. In this article, we propose the first of two complementary
approaches to informatics education in pharmacy: to incorporate fundamental informatics education
into pharmacy curricula for all students. The second approach, to train those students interested in
becoming informatics experts to design, develop, implement, and evaluate HIT, will be presented in
a subsequent issue of the Journal.
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INTRODUCTION
Informatics is the umbrella term that designates the

“discipline focused on the acquisition, storage, and use of
information in a specific setting or domain.”1 Informatics
exists at the intersection of people, information, and tech-
nology and is more about the optimal use of information
than about the tools (ie, technology) that facilitate it. Clin-
ical informatics is “the application of informatics to de-
liver health care services.”2 Pharmacy informatics is the
clinical informatics field that is focused on the “effective
management and delivery of medication-related data, in-
formation, andknowledge” to support optimalmedication-
related outcomes.3,4

Despite the identification of informatics as a core
competency in the education of all health professionals
by the Institute of Medicine (IOM) in 2003,5 the adoption
of a consistent and coordinated approach to teaching phar-
macy informatics still does not exist. Several attempts have
been made to promote and facilitate informatics education
in pharmacy, but significant challenges continue to stifle

the adoption of informatics components in entry-level doc-
tor of pharmacy (PharmD) curricula. In this article, we

propose a practical way to address pharmacy informat-

ics education that brings forward a generally applicable,

entry-level approach for all PharmD students.
As expected for a relatively new discipline, formal

pharmacy informatics education continues to evolve amid

a rapidly changing health care landscape. Since the early

1990s, the Center for the Advancement of Pharmaceuti-

cal Education (CAPE), housedwithin the American Asso-

ciationofColleges ofPharmacy (AACP), has promulgated

educational outcomes for pharmacy education pro-

grams.6-9 Table 1 illustrates the progression of pharmacy

informatics-related statements in the CAPE outcomes.
Informatics-related expectations first appeared in

the Accreditation Council for Pharmacy Education’s

(ACPE’s) Accreditation Standards and Guidelines for

the Professional Program in Pharmacy in 2007. A foot-

note provided a definition and clarification of informat-

ics.10 The 2011 revision retained the content of the

footnote but elevated its status to a unique domain

in the social/behavioral/administrative pharmacy sci-

ences.11 Other statements fromACPE suggested the need

for informatics knowledge and skills among graduates,
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such as managing “. . .informational and technological
resources. . .to ensure efficient, cost-effective use of these
resources. . .”10,11

In 2016, ACPE released Accreditation Standards
and Key Elements for the Professional Program in Phar-
macy Leading to the Doctor of Pharmacy Degree, which
contains required broad-learning outcomes, organized by
content domains. Pertinent learning outcomes include
health informatics, medication dispensing, distribution
and administration, and professional communication.12

The ACPE also released a companion document titled,
Guidance for the Accreditation Standards and Key Ele-
ments for the Professional Program in Pharmacy Lead-
ing to the Doctor of Pharmacy Degree, to further clarify
its 25 standards and to provide suggested strategies for
curriculum quality improvement. Here one finds practi-
tioners’ opinions of skills that graduates should possess to
be practice ready in ambulatory and acute care settings,
including being able to describe, “. . .the EHR (electronic
health record) and the role and responsibilities of a phar-
macist who has access to an EHR. . .” and “. . .the basic
functionality of commonly used automated systems re-
lated to medication use. . .”13

Today’s graduates enter a practice environment charac-
terized by expanding use of connected, automated systems
to support safe and effective medication management.14-18

The most visible initiative is the federal government’s $30
billion effort toward use of interoperable EHRs.19,20 Most
recent reporting data indicates 84% of nonfederal, acute
care hospitals21 and 51% of office-based physicians had
adopted a basic EHR.22 The PharmacyHealth Information
Technology Collaborative advocates for inclusion of phar-
macists in national EHR efforts.23

Pharmacy graduates should be able to incorporate
the array of health information provided to them using
technology and information systems that support their
practice environment, which is likely to be characterized
by the following:

(1) An expanded role for pharmacists in team-based
care. In most states, the pharmacist’s scope of
practice allows for collaborative practice agree-
ments and the provision of direct patient care
through formal relationships with other pro-
viders.24 Legislation to recognize pharmacists as
providers under Medicare Part B has been intro-
duced to Congress.25,26

Table 1. Informatics-Related Statements in the CAPE Outcomes

Year Statements

19926 “Communication abilities - include effectively sending and responding to communications for varied audiences and
purposes including writing, speaking, listening, and using data, media, and computers. Graduates must have
sufficient understanding of information systems to integrate computer technologies into their practices;”

“Practitioners must be able to interpret and analyze data;”
“Develop simulated environments where the student must evaluate data and make decisions. This may be done in
small groups, on computers, role playing or by guided design.”

19987 “Develop/specify information system needs and implement an information management system that meets legal,
business, archival, and patient care needs;”

“Develop management plans that take into account advances in technology to enhance the delivery of care to
patients and future patient care needs;”

“Employ sophisticated mathematical and statistical tools and electronic technology to analyze information;”
“Develop and maintain a comprehensive database of information relative to each patient.”

20048 “Manage human, physical, medical, informational, and technological resources;”
“Communicate and collaborate with patients, prescribers, other health care providers, and administrative and
supportive personnel to engender a team approach to assure efficient, cost-effective utilization of human, physical,
medical, informational, and technological resources in the provision of patient care.”

20139 “Identify and critically analyze emerging theories, information, and technologies that may impact patient-centered
and population based care;”

“Manage patient health care needs using human, financial, technological, and physical resources to optimize the
safety and efficacy of medication use systems;”

“Utilize technology to optimize the medication use system;”
“Use available technology and other media to assist with communication as appropriate.”
“Example Expanded Learning Objectives:

Utilize clinical decision support systems to address alerts (eg, drug dosing, drug interactions, duplicate therapies);
Locate, retrieve, and organize information needed to manage medication use from the electronic health record;
Use technology to assure safe and accurate medication dispensing, administration, and monitoring.”
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(2) Use of complex medication-use systems. The
medication use system is complex and involves
many people, steps, and opportunities for error.
Current methods to improve the medication use
system involve introduction and optimization of
information technology (IT) and robotics.13,26,27

Pharmacists must lead efforts related to medication
management and maintain their key position in re-
ducing medication errors caused by technology.3

(3) A more engaged patient. Evidence suggests that
patients desire to be more engaged in their
care,29,30 while tools connecting patients remotely
with each other and the health care system are
becoming more popular.31,32 Pharmacists need
to be equipped to incorporate patient preferences
into the decision-making process.

(4) Big and little data. Engaged patients use tools to
monitor health and wellness activities, leading to
positive changes in their behavior.33 The infor-
mation people know about themselves is called
“little data,” while the information organizations
know about people is called “big data.”34 As
patients collect little data, the health care system
must aggregate and analyze the data to support
health and wellness management activities. The
typical pharmacist is not going to become a big
data scientist. Tools like Watson (IBM; Armonk,
NY) can serve in that role.35 Pharmacists will
help patients interpret their little data, and use
knowledge created by their organization’s anal-
ysis of big data and apply it to a specific patient
or population.

INFORMATICS EDUCATION IN THE
HEALTH PROFESSIONS

An assertion that all practicing pharmacists need
pharmacy informatics education is strongly supported
by efforts in other health professions. This section ex-
plores informatics education initiatives within and out-
side of pharmacy.

Informatics Education in Medicine
In 1998, results of one of the earliest surveys of US

medical schools revealed that just 25 included informat-
ics in the curriculum.36 While advancements have been
made since then, it is more than 15 years after the Asso-
ciation of American Medical Colleges proposed changes
to the medical school curriculum to incorporate informat-
ics, and there is still a lack of agreement on the informat-
ics content to teach.37 However, medical students are
unequivocal about their desire to learn informatics con-
cepts, as is highlighted by a survey reporting that 92% of

medical students believed in the need for technology use
and its impacts to be taught in medical school.38

More recently, the American Medical Association
(AMA) Accelerating Change in Medical Education Ini-
tiative released its initial report in support of a new AMA
policy encouraging medical schools and training pro-
grams to teach students to use electronic devices and fa-
cilitate hands-on experience with EHRs.39-41 Most of
these efforts aim to provide a competency-based educa-
tion for all medical students specific to the domain of
informatics. This is in contrast to providing specialty
training to develop specialists in clinical informatics. This
two-phase sequence of standardized, core education for
all medical students and elective offerings in specialized
informatics training for some medical students mirrors
the education and training pathway for other recognized
specialties in medicine.42

To prepare medical students for the real-world prac-
tice settings in which HIT is infused throughout the
health care system, somemedical schoolsmap competen-
cies to specific domains for sets of skills that are, or will
be, needed. These exceed the minimalist information re-
trieval and EHR use43 and also include: formulating an
answerable clinical question and recognition and optimal
use of the correct electronic resource to use; recognizing
and using the EHR beyond a charting tool as a component
of a health information exchange (HIE) and provision of
continuity of care; serving a role in data stewardship due
to the importance of inbound data quality; using informa-
tion systems to “select, implement, and improve quality
measures;” leveraging digital health tools and telehealth
(eg, approved patient portals, smartphone applications,
video consultations) to engage with patients; harnessing
systems data to apply population-based care principles;
and employing a rational approach to using clinical
decision-support (CDS) tools to apply personalized med-
icine approaches to patients.43 Concerns remain that the
current culture of informatics education in which medi-
cal students and residents are technically trained in a
platform-specific manner by house staff, results in the
use of the EHR strictly to “document and communicate”
rather than to help “transform and improve” practice.44

The field of medicine has created an incentive for
enhancing pre-doctoral medical education in informatics
with the development of a new specialty practice area. In
2011, the American Board of Medical Specialties and the
American Board of Preventive Medicine (ABPM) ap-
proved Clinical Informatics as a medical subspecialty.42

Practice and fellowship training pathways have been out-
lined for this subspecialty. The practice pathway currently
involves three years in clinical informatics practice before
one can apply for the subspecialty examination. From
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2018 onward, applicants must complete a minimum of
24 months in a clinical informatics fellowship program
accredited by the Accreditation Council for Graduate
Medical Education.45 The past president of the American
Medical Informatics Association (AMIA) said, “Nurses,
pharmacists and PhDs who are working full time in clin-
ical informatics environments clearly need a similar kind
of certifying opportunity.”42

Informatics Education in Nursing
Although nursing informatics is in its fourth decade

as a specialty,46 it has a similar profile of successes and
barriers as other health professions in the United States.47

Starting in 1994, the American Nurses Association
(ANA) began publishing works on the scope of practice
for nursing informatics. A more comprehensive work
that describes what nursing informatics is and what it
entails as a specialty domain was published by the ANA
as a first edition in 2008 and as a second edition in 2014.48

These publications documenting the scope and stan-
dards of practice for nursing informatics demonstrate
how this nursing specialty continues to evolve into a
well-differentiated domain of professional activity. Clarity
about what nursing informatics is and is not has likely
assisted the nursing profession in creating and providing
informatics education to nursing students at all levels.

The ANA’s scope of practice documents assists the
nursing profession in creation and provision of informat-
ics education to nursing students at all levels. Nursing
began addressing the challenge of incorporating infor-
matics education into curricula for all new nurses in ear-
nest in 2004 through the Technology Informatics Guiding
Educational Reform (TIGER) initiative.49 Since then, nu-
merous nursing informatics educational and training ef-
forts have been launched. One nursing approach that
closely mirrors pharmacy education challenges gave spe-
cial recognition to the difficulties of introducing new con-
cepts and content into already overloaded curricula; it
outlined a framework, specific content, and a tool to
map student learning and outcomes across the four years
of nursing school.50 Their approach embedded infor-
matics in four existing areas addressed in all nursing
education: professional responsibility, care delivery,
community/population-based nursing, and leadership/
management. Similar to medical education, competen-
cies were directed to real world practice that nurses
encounter or will encounter. Within professional
responsibility, the issues of “technology-induced errors”
and privacy were illustrated via EHR access and use,
as well as use of smartphones and social media.50 This
is particularly timely as the first instance of compromised
privacy through social media (including video of elder

abuse) led to inquiries by the Department of Justice51

and US Senate52 and is attributed to 47 incidents in nurs-
ing homes.53

The intersection of care delivery and informatics is
highlighted by nursing duties related toEHRs,medication
administration and barcode scanning, radio frequency
identification (RFID) technology, documentation, and
CDS. Informatics in community and population-based
nursing includes security (eg, data transfer from client
homes across wireless networks to clinical record sys-
tems), population datasets, and assisting clients with
ICT. Nurses in leadership and management positions
have informatics work obligations such as evaluating
the role of technology onworkflow and data-driven safety
and quality assessments.50 Another developing approach
that may inform informatics education in other health
professions includes attempts to thread informatics
throughout emerging doctor of nursing practice (DNP)
curricula.54

Informatics Education in Pharmacy
Efforts in pharmacy for informatics education have

generally lagged behind those of other health professions,
with slightly more modest advances in development and
adoption.55,56 Pharmacy informatics education efforts
can be broadly organized into four categories, each with
its respective target learners: curriculum-integrated,
competency-based education for PharmD students;
curriculum-parallel tracks for PharmD students; practic-
ing pharmacists; and aspiring or currently practicing
pharmacy informaticists (Table 2). The primary efforts
to educate PharmD students to date have focused on
addressing the aforementioned ACPE Standards and, to
a lesser extent, CAPE Outcomes. This prioritization can
be driven by factors including institutional pressures to
satisfy accreditation requirements, difficulties with add-
ing a new course to an already full curriculum, and a lack
of faculty possessing informatics expertise.

One recently proposed program that addresses sev-
eral of these challenges is the Partners in E online series,
which provides a modular option to deliver a pharmacy
informatics course with prerecorded lectures and tools.57

The Healthcare Information and Management Systems
Society hosts the Partners in E content and licenses it
as a turnkey solution at no cost.58 In responding to very
similar challenges in pharmacy informatics education in
Canada, a competency based e-resourcewas concurrently
developed by the Association of Faculties of Pharmacy of
Canada (AFPC) and Canada Infoway.59

Although adequately preparing PharmD students for
a practice that relies heavily on informatics and HIT is
a challenge, it may also be a source for opportunities. Due
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to the interdisciplinary nature of informatics, it is a fertile
area for interprofessional education (IPE).5 The seem-
ingly universal struggles across health care disciplines
with both informatics education andmore recent interpro-
fessional educational requirements may make this an
opportune time to launch combined informatics and
interprofessional educational initiatives. One early exam-
ple is an online interdisciplinary course in health care
informatics that enrolled students from schools of phar-
macy, nursing, public health, and information and library
science.60 Some of the course’s early successes were at-
tributed to limiting the first course offering to motivated
students self-identified as being ready for learning in
an online environment. After graduation with a PharmD
degree, there are several options available to prepare
pharmacists for a career as a pharmacy informaticist. Ed-
ucational tools and programs for achieving those aims are
outlined in Table 2. Career pathways in pharmacy infor-
matics have also been proposed.61

Generally Applicable Approach for All PharmD
Students

Despite the aforementioned challenges, all PharmD
graduates should have a general understanding of the sys-
tems that support their future practice environment. Con-
temporary data are not available to characterize the
typical approach to pharmacy informatics education. Re-
cent historical data suggest variations in approaches to
pharmacy informatics education.56,60,62-65 The opportu-
nity to create learning experiences that build upon exper-
tise and resources within a particular PharmD program
does exist, but questions remain regarding availability of
expertise and resources, as described above.

The unifying factor across pharmacy practice set-
tings is safe, effective, and efficient medication use to

achieve the shared goal of beneficial patient outcomes.
Accordingly, a component-based model of the medica-
tion use system provides a framework to guide pharmacy
informatics education, grounding learning experiences in
a context that crosses practice settings and is something to
which students can relate their learning. Fortunately for
those seeking to incorporate pharmacy informatics edu-
cation, existing resources are available both within and
outside of pharmacy.36,50,55,60,66-73 A proposed educa-
tional approach includes three domains, which are dis-
cussed below, and is presented in Appendix 1 using the
medication use system as the framework.

Content. The foundation of informatics education
should focus on informatics elements related to each com-
ponent of the medication use system. At a minimum, this
includes activities related to specific steps in the medica-
tion use system: procurement, prescribing, order verifica-
tion, compounding and dispensing, administration, and
monitoring. Additionally, topics that span multiple steps
in the medication use system include interoperability,
clinical documentation, patient safety, regulatory consid-
erations, and EHRs. Breadth and depth devoted to each
topic is largely dependent upon available resources and fit
within the curricular structure.

Methods. Consistent with the suggestion that all
PharmD students should receive generally applicable in-
formatics education within their formal pharmacy educa-
tion, informatics content should be incorporated within
didactic course work and experiential training. The actual
setting (eg, online, skills laboratory, lecture or small
group room) in which informatics education is provided
will largely be dictated by the specific content and avail-
able resources (eg, expertise, time, facilities, technology).
There aremanyways to teach a generally applicable phar-
macy informatics curriculum. Enough flexibility needs to

Table 2. Current Pharmacy Informatics Educational Efforts and Categories

Educational effort Curriculum-integrated Curriculum-parallel
Practicing
Pharmacists

Pharmacy
Informaticists

ASHP Informatics Essentials ✓
ASHP SOPIT – Section Advisory Group

on Professional Developmenta
✓ ✓

ASHP PGY-2 Informatics Residency ✓
AFPC/Canada Infoway ✓ ✓
Informatics fellowships ✓
Interprofessional Health Care Informatics

course
✓

NLM Biomedical Informatics course ✓ ✓
Partners in E ✓ ✓ ✓

Abbreviations: ASHP5American Society of Health-System Pharmacists, SOPIT5Section of Pharmacy Informatics and Technology, aFormerly
the Section Advisory Group (SAG) on Pharmacy Informatics Education (PIE), PGY-25 Postgraduate Year-2, AFPC5Association of Faculties of
Pharmacy of Canada, NLM5National Library of Medicine
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be provided so that each school may draw upon its own
strengths and resources to create learning experiences that
meet student needs. For example, aforementioned pro-
grams such as those by Partners in E and AFPC could
be initially offered to motivated students in parallel with
onsite courses. Alternately, hybrid approaches could be
used to combine informatics and interprofessional educa-
tion online and in person.

While the literature does not yet include studies com-
paring methods to deliver informatics content, in general,
active-learning methods are preferred as are methods that
have demonstrated effectiveness through curricular as-
sessments.12 Currently, selection of methods to deliver
informatics education and training is closely tied to con-
tent and available resources. For example, an educational
module on medication administration delivered as a lec-
ture could present students with the rationale for barcode
medication administration (BCMA), technical and work-
flow challenges of BCMA, and a description of the sys-
tems that underlie BCMA. Similar content could also be
delivered using a “flipped classroom” approach in which
students review a short video prior to class, complete an
assignment in groups at the beginning of class, and then
participate in a discussion for the majority of the remain-
ing class time. In an experiential setting, students can
prepare medications for subsequent administration using
BCMA technology. They then participate in nursing
rounds to observe the medication administration process
supported by BCMA. Some content aligns better with
certain methods (receiving an electronic prescription in
a skills lab vs hearing about it in a lecture), but the final
decisionwill largely be driven by resources until evidence
demonstrates the value of individual methods.

Assessment and evaluation. The ACPE requires
assessment and evaluation methods that are evidence-
based, valid, and reliable. Results should guide continual
improvement of the professional degree program.12 Ac-
cordingly, decisions regarding assessment and evaluation
will fit within the program’s overall approach to assess-
ment and will address predefined learning outcomes for
the informatics content delivered and experienced. As-
sessment and evaluation are central to the learning pro-
cess with countless articles and books addressing best
practices.General principles apply to pharmacy informat-
ics education: instructors must define and measure learn-
ing outcomes; assessment and evaluation should be
clearly linked to desired learning outcomes; students
should receive and know how to use feedback to as-
sess their progress; assessment and evaluation methods
should vary to reflect differences in learning styles; and
the purposes of assessment and evaluation should be
clearly communicated.74-77

CONCLUSION
The evolving nature of pharmacy informatics within

the profession and as a practice is reflected in pharmacy
accreditation standards and guidelines for colleges and
schools. Yet, it is difficult to envision a future practice
environment that is not supported by informatics, which
necessitates that all PharmD graduates develop core com-
petencies in this area. The generally applicable approach
presented here is intended as a framework for informatics
educational experiences that all PharmD students could
encounter. The educational approach to providing ad-
vanced training for future pharmacy informaticists is
intended to prepare pharmacy informaticists to effec-
tively assist in the effort to help bring about a learning
health system, and will be addressed in a subsequent
Statement in the Journal. The approaches are comple-
mentary and suggest flexibility in drawing upon available
resources and expertise in their delivery.
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