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Computerization is transforming health care while the quantity and complexity of biomedical knowl-
edge rapidly grows. Today, all clinicians use health information technology (HIT), but only some
pharmacists need to be cross-trained in “all” that advanced informatics entails so they can devise new
and better information systems to support the pharmacy practice of the future. We propose a dual
approach to informatics education in pharmacy: incorporate fundamental informatics education into
pharmacy curricula for all students; and train some students interested in becoming informatics experts
to design, develop, implement, and evaluate novel HIT for pharmacy. This commentary focuses
specifically on the latter. It discusses the advanced pharmacy informatics training needed by some
pharmacists to support innovation of HIT and to enable a shift to a more fully system-supported
pharmacy practice.
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BACKGROUND
Informatics Education: Complementary Approaches

We propose two approaches to pharmacy informatics
education based on the expectation that all PharmDstudents
will practice in an environment supported by increasingly
complex information systems (“Some training needed by
all”) while only some PharmD students will pursue infor-
matics as the focus of their professional practice (“All train-
ing needed by some”). The first of these, informatics training
needed by all PharmD students, is addressed in a previous
commentary.1Theobjectiveof this commentary is to describe
the advanced training needed by some PharmD students who
wish to become pharmacy informaticists. These individuals
will be called on by the pharmacy profession to innovate and
improve information tools and technologies so that pharmacy
practice evolves into a system-supported2 practice of contin-
uous learningaspartofa largereffort tobringaboutaLearning
Health System (LHS) for the U.S. and beyond.3

Advanced Pharmacy Informatics Training Needed
by Some

Outlined here is an approach to teaching advanced
pharmacy informatics concepts and skills – ie, teaching

“all” that biomedical informatics entails – to a select num-
ber of student pharmacists while they are completing the
PharmD curriculum. This approach to advanced phar-
macy informatics training is intended to prepare these
students sufficiently for further postgraduate informatics
education, and is based on our projection that, during the
next 10 years, between 600 and 1,800 pharmacy students
and post-graduate pharmacists will seek residency and/or
graduate-level training to help them become pharmacy
informaticists (Table 1). The approach that follows em-
phasizes the types of expertise that future pharmacy infor-
maticists will need to fully participate in the work of
improving U.S. health information infrastructure, assist-
ing pharmacy to develop an advanced, system-supported
practice, and ultimately bringing about a Learning Health
System. A Learning Health System is one in which data
from most patient encounters are re-used for learning to
continuously improve overall health system performance.3

Motivation for Advanced Training in Informatics
Concurrent with PharmD Studies

What motivates the need for advanced informatics
training for a select number of interested pharmacy stu-
dents is the notion that the profession of pharmacy must
improve its capabilities to advance pharmacy practice
in an engineered world of automation and information
systems.4 An argument that informatics is important to
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medicine applies equallywell to pharmacy. Informatics is
no longer just a disciplinary priority for schools of engi-
neering and computer science, but instead it is an area of
focus in the process of becoming a disciplinary priority
for both medical schools and pharmacy schools.2 Two
interrelated steps must occur for informatics to become
a disciplinary priority in pharmacy schools. First, fac-
ulty with interdisciplinary research interests spanning
pharmacy, information, computer, and implementation

sciences who appreciate the role biomedical informat-
ics plays in supporting pharmacy practice must be hired
and supported. Second, professional pharmacy programs
must provide enough pharmacy students with the oppor-
tunity to work with these informatics faculty and develop
themselves into the future pharmacy informatics work-
force needed by the profession.

Our estimates indicate that the demand for informat-
ics pharmacists will grow beyond the current rate of

Table 1. Development of Estimates of the Size of Current and Future Pharmacy Informatics Workforce in the U.S.

Estimated Population or
Factor of Interest Source(s) (Year)

Point Estimates
from Source(s)

Point Estimates for
this Paper

Pharmacists employed
in the U.S.

U.S. Bureau of Labor
Statistics (2014)23

290,780 6 2035
(6 for RSE 0.7%)

300,000

U.S. community
pharmacists

National Pharmacist
Workforce Survey (2015)24

183,000

% of community pharmacist
time devoted to informatics

National Pharmacist
Workforce Survey (2015) 24

0.33 of community
pharmacist time

U.S. Bureau of Labor
Statistics (2015-16)25

Community informatics
pharmacists, full-time

595

Number of non-specialty
hospitals in the U.S.

American Hospital
Association (2015)26

5000 hospitals

Average number of full-time
informatics pharmacists at hospitals
with 50 to 500
beds (n53200)

American Hospital
Association (2015) 26

0.5 FTE

American Society of
Health-System Pharmacy National
Survey (2008) 27

Hospital informatics
pharmacists, full-time

3100

% of other pharmacists working
full-time in pharmacy informatics

National Pharmacist
Workforce Survey24 (2015)

1 other pharmacist
working full-time in
pharmacy informatics

Other informatics pharmacists,
full-time

480

Informatics pharmacists in
full-time roles today

4175 6 2088
(6 for EPE 50%)

Informatics pharmacists in full-time
roles by 2025,
(growth 1.15%/year)

4681 6 2340 Ph
(6 for EPE 50)

Informatics
pharmacists in full-time roles
by 2025

5861 6 2930 Ph

(growth 3.45%/year) (6 for EPE 50)

Ph 5 Pharmacist; FTE 5 Full Time Equivalents; RSE 5 Relative Standard Error; EPE 5 Estimated Potential Error
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production over the next 10 years by a factor of 4 to 12
times (Table 1). Furthermore, by comparing training op-
portunities and credentialing requirements, we have rea-
son to believe that many of today’s informatics
pharmacists are somewhat under-trained in biomedical in-
formatics compared to their peers in nursing andmedicine.5

Hence, the motivation to develop advanced informatics
training opportunities for PharmD students is two-fold: the
world needs more pharmacy informaticists and the infor-
matics pharmacists in theworld need to be trained in amore
rigorous way.

ProposedAdvanced Pharmacy Informatics Curriculum
Outline

Based on prior reviews6-8 and additional evidence,9

we propose an advanced curriculum outline intended as
a guide to train enough pharmacy informaticists over the
next decade to support the shift to a systems-supported
practice for pharmacy taking place within a Learning
Health System. This curriculum outline covers the nec-
essary aspects of the domain of biomedical informatics
to prepare enough pharmacy informaticists to partici-
pate effectively in four general categories of informatics
work. This preparation may be completed before, dur-
ing, and/or after formal pharmacy education. However,
in order to bring prospects interested in informatics into
pharmacy schools, and because of the large scope of this
advanced training in informatics, the importance of en-
abling students to start informatics training during phar-
macy school cannot be overemphasized. The following
four categories span the areas of expertise in biomedical
informatics that pharmacy informaticists need to under-
stand to bring about better health information technol-
ogy (IT) systems for pharmacy: design and modeling of
information systems, development of prototypes, imple-
mentation of health IT, and evaluation of health information
resources.10

Being competent in all four categories is necessary
to collaborate effectively with data and information sci-
entists, computer scientists and programmers, and other
pharmacists as an advanced pharmacy informaticist. The
goal of advanced education in pharmacy informatics
should be to gain balanced coverage of the four cate-
gories of informatics work above.10 To cover the re-
quired material in sufficient depth and to provide
studentswith enough experience, just as it is inmedicine,
it is assumed that some graduate level study will be re-
quired for pharmacy informaticists. Table 2 provides
a high-level overview of what is included in the four
categories of biomedical informatics expertise listed
above. Table 3 provides recommended approaches with
resources for all four content categories for pharmacy

educators who wish to teach advanced topics in phar-
macy informatics, described below.

Design and Modeling of Information Systems
Before health information systems can be developed,

detailed models of the information to be processed by
each system must be created. These information models
need to be logically consistent and capable of supporting
end-users in practice.Often these informationmodelswill
need to be developed collaboratively within communities
of shared interest so that the models can become industry
standards.11,12 Pharmacy informaticists must not only be
aware of information modeling but must also be able to
participate meaningfully in collaborative information
modeling activities. In addition to information modeling,
pharmacy informaticists need to gain experience in other
types of design work. Health application user interface
designs and visualizations, especially for use in systems
that process and display medication-related information,
can be created and improved by pharmacy informaticists.
Pharmacy informaticists also need to be able to design
newworkflows, software manuals, implementation guides
and software training programs.

Development of Prototypes
In our engineered, human-made, “artificial world” of

many information systems,4 to have a lasting impact in
pharmacy informatics requires informatics specialists to
participate meaningfully in making applications and sys-
tems to support an evolving pharmacy practice. While
there are many facets of pharmacy informatics and many
areas in which to specialize, a necessary expectation for
advanced pharmacy informaticists is to be able to pro-
gram a computer well enough to demonstrate new and
potentially better methods of organizing, using, and dis-
playing information.13 Here it is important to distinguish
the work of pharmacy informaticists from the work of
professional programmers. Professional programmers ap-
ply computer science principles to develop new applica-
tions and systems for widespread deployment. While
some pharmacy informaticists are also professional pro-
grammers, it is not necessary or desirable for all pharmacy
informaticists to become professional programmers. In-
stead, we recommend that advanced pharmacy informa-
ticists develop the capability to communicate their ideas
in the form of software code and to create working
prototypes of potential new applications and systems.10

Once prototypes have been developed, pharmacy infor-
maticists can use them to more easily and effectively
collaborate with professional programmers in building
production IT systems. This prototype development work
anchors pharmacy informaticists in both the possibilities
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and constraints of actual information technologies so that
they can knowledgeably consider how best to meet phar-
macists’ needs.

Implementation of Health IT
Implementation of new ormodified information sys-

tems involves helping individuals and groups to adapt and
successfully change their policies and practice. This work
requires well-developed skills for organizing, motivating
others, communicating, managing projects, and provid-
ing leadership to bring about effective change.14 The pro-
cess of implementing new or improved medication-use
information systems and other HIT often begins with
business process analysis to define both the current and
intended future state workflows. Using this business pro-
cess information, pharmacy informaticists need to de-
velop the skills to successfully bring about system-enabled
changes to pharmacy practice. Almost without exception,
implementing new systems involves tradeoffs, and, espe-
cially at first, these tradeoffs often inspire resistance to
change within organizations.15 Advanced training for phar-
macy informaticists therefore needs to include skill-building
and practice managing and communicating about change,
tracking of problems, identifying solutions and then report-
ing on progress made toward improvements to system users
and leadership.

Evaluation of Health Information Resources
Once systems are implemented, it is imperative to learn

about their impact through thoughtful evaluation. Today,
many organizations need experts to evaluate the impact of
information systems on an ongoing basis. Evaluation work
can involve conducting both qualitative and quantitative
studies.16 The work involved in evaluating information re-
sources has as its goal to determine and communicate the

nature and scope of impact from the implementation anduse
of information systems. At times, even before an evaluation
can be undertaken, pharmacy informaticists will need to
develop their own reliable and valid measures of potential
impacts of interest. Oncemeasurement and evaluation stud-
ies are completed, they can add to the scientific body of
knowledge in pharmacy informatics. In fact, much of the
scientificworkpublished in informatics journals is thework
of evaluation.17 However, HIT evaluation studies must
also be done more informally to guide HIT-related efforts
within organizations.16

THE IMPORTANCEOFHAVING A SYSTEM-
SUPPORTED PRACTICE WITHIN A
LEARNING HEALTH SYSTEM

What is needed for the foreseeable future are phar-
macy informaticists trained towork effectivelywithmod-
ular, scalable information systems and service-based
health IT infrastructures to support ongoing and accelerat-
ing learning processes about medication-use and human
health.18 While anxieties over automation persist through-
out society,19 there is reason to believe that a better, sys-
tem-supported practice for pharmacy is in the offing, and
that pharmacists could be greatly empowered by it to help
patients more consistently and effectively to achieve their
health goals.20 In a recently published 10-year vision state-
ment, the U.S. Office of the National Coordinator for
Health Information Technology described a path toward
creating a nationwide Learning Health System (LHS) by
2025.21 Even more recently, the Food and Drug Adminis-
tration has begun to seriously explore the possibilities of
using real-worlddata about consumers to augment learning
from clinical trials under the banner of Evidence Genera-
tion or “EvGen” (blogs.fda.gov). Pharmacy informaticists
with advanced training are needed to help with these and

Table 2. Four Categories of Biomedical Informatics Expertise

Category Specific Areas of Expertise

Design and Modeling of
Information Systems

Complex systems, Databases, Design principles, Human factors, Information modeling, IT
infrastructures, Knowledge-representation, Ontologies, Terminologies, User experience,
Wire-framing

Development of Prototypes Application frameworks and platforms, Computer logic, Programming System administration,
Technical writing

Implementation of Health IT Business process analysis, Change management, Communication, Human psychology,
Innovation, Interoperability, Instructional design, Organizational behavior, Project
management, System integration, System performance

Evaluation of Health
Information Resources

Business writing, Data analysis, Data collection, Evaluation methods, Measurement of Health
IT outcomes
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Table 3. Advanced Training Educational Recommendations

Domain and Purpose Recommended Educational Materials and Approaches

General Informatics
Useful guides Use Springer Health Informatics series, www.springer.com/series/1114?detailsPage5titles
Structured health data Try National Library of Medicine’s RxNorm and RxNav, www.nlm.nih.gov/research/umls/

rxnorm/
Standards development Examine Structured Product Labeling resources from the Food and Drug Administration and

NLM
Standards development Study NCPDP work on standards, as represented online here, www.ncpdp.org/Education/

Whitepaper
Policy Discuss Pharmacy Health Information Technology Collaborative, http://www.pharmacyhit.

org/

Design and Modeling of
Information Systems
User-interface design Use “Elements of User Experience” by Garrett JJ, www.jjg.net/elements/
User-interface design Try free online wireframing tools, such as fluid, www.fluidui.com/
Data modeling Examine Fast Health Interoperability Resources from HL7, www.hl7.org/fhir/
Information modeling Use “Semantic Web for the Working Ontologist” by Allemang D, Hendler J,

workingontologist.org/
Information modeling Use Protégé and ontologies collected by the National Center for Biomedical Ontology to

inspect existing and create biomedical ontologies, protege.stanford.edu/ and www.
bioontology.org/

Development of Prototypes
Programming Take a step-wise approach that begins with spreadsheets, then databases, then web pages with

www.w3schools.com, and finally ends with the study of programming languages like
Python, www.python.org and PERL, www.perl.org

Application development Use free online tutorials for web application frameworks such as Django, www.djangoproject.
com/ or Spring Boot projects.spring.io/spring-boot/

Application development Develop a web app that makes use of readily available enabling technologies on the World
Wide Web such as SMART, docs.smarthealthit.org/, and open FHIR servers, wiki.hl7.org/
index.php?title5Publicly_Available_FHIR_Servers_for_testing

Implementation of Health IT
Implementation science Study dissemination and implementation research in health, such as accelerate.ucsf.edu/files/

CE/edi_introguide.pdf
Workflow modeling Practice workflow business practice modeling in a pharmacy context, as workflow modeling is

described here, creately.com/blog/diagrams/business-process-modeling-tutorial/
Real-world experience Work with members of an electronic health record (EHR) team in a health organization to

implement a change

Evaluation of Health Information
Resources
Evaluation science Use “Evaluation Methods in Informatics” by Friedman CP, Wyatt J at www.springer.com/us/

book/9780387258898
Heuristic evaluation Perform a heuristic evaluation of usability of an existing medication use system or medication-

related app according to the guidelines here, www.nngroup.com/articles/how-to-conduct-a-
heuristic-evaluation/

Measurement Administer an end-user satisfaction survey for a medication-use system using a validated scale
like, Doll WJ, Torkzadeh G. The measurement of end-user computing satisfaction. MIS
Quarterly. 1988;12(2):259-274.

Abbreviations: NLM 5 National Library of Medicine; NCPDP 5 National Council for Prescription Drug Programs; HL7 5 Health Level 7;
SMART 5 Substitutable Medical Applications and Reusable Technologies; FHIR 5 Fast Health Interoperability Resources; EHR 5 Electronic
Health Record
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other similar or related national efforts, especially because
many questions a nationwide LHS must answer focus on
medication use.22

CONCLUSION
In two related commentaries, we argue for a dual

approach to informatics education in pharmacy, an ap-
proach that recognizes all PharmD students need some
training in informatics and also recognizes that some
PharmD students need to begin advanced informatics
training while they are student pharmacists. This paper
provides details about what that advanced informatics
training entails, and makes the point that advanced train-
ing covers four categories of the biomedical informatics
domain: design, development, implementation, and eval-
uation of new and potentially better systems to support
pharmacy practice.
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