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Objective. To identify opinions about pharmacy graduates’ science of safety (SoS) educational needs.
Methods. Semi-structured interviews were performed with 25 educators and researchers at US phar-
macy colleges and schools and 5 individuals from associations engaged in drug safety-related issues.
Results. Themes that emerged from the 30 interviews with key informants included: pharmacists
should meet minimum SoS requirements; medication safety education is inconsistent; and barriers
exist to improving SoS curricula. Student deficiencies noted included the lack of: student acceptance of
a “culture of safety”: ability to effectively communicate verbally about medication safety; knowledge
of the drug development process; and quality improvement skills. Key informants did not agree on how
to address these gaps.
Conclusions.While educators, researchers, and other leaders in drug safety-related issues thought that
US colleges and schools of pharmacy covered portions of SoS well, there were perceived deficiencies.
Minimum standards should be set to assist with curricular adoption of SoS.
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INTRODUCTION
Science of safety is a relatively new term that is not

well known in the medical literature. The concept and
term originated in a 2006 report from the Institute of
Medicine (IOM) that made a series of recommendations
about ways the Food and Drug Administration (FDA) can
improve the US drug safety system.1

The SoS is defined as the systematic study of the neg-
ative impact of drugs and devices on humans at all stages of
the product life cycle.1,2 Key elements of the definition
include a systems approach to dealing with problems of
safety as medications and devices advance from discovery,
to development, to testing and use. The SoS seeks to help
scientists and practitioners understand, explain, and predict
physical risk from exposure to medications and devices.

The purpose of the SoS is to improve the identifica-
tion, understanding, reporting,management, and commu-
nication of medication risk in: (1) preclinical studies
(animal toxicology and safety pharmacology); (2) clinical
trials [phases 1-3]; and (3) postmarketing studies or phase

4 clinical trials. Using the lifecycle approach allows for
safety signals generated at any point in the drug develop-
ment/marketing process to be evaluated along with rele-
vant benefit-risk data to inform treatment choices and
regulatory decision making.3 As such, SoS combines a
growing understanding of disease and its molecular ori-
gins (including understanding of adverse events resulting
from treatment) with new scientific methods of signal
detection, data mining, and analysis. This knowledge will
enable researchers to generate hypotheses about, confirm
the existence of, and identify causal factors for drug and
device safety problems in patient populations. This broad
SoS definition allows for many opportunities for pharma-
cists to contribute to patient safety duringmedication use.4

In response to the IOM report, the FDA reiterated its
commitment to strengthening drug safety in the United
States and listed 3 initiatives for the agency2:

(1) Strengthen the science that supports our med-
ical product safety system at every stage of the
product life cycle from premarket testing and
development through postmarket surveillance
and risk management;

(2) Improve communication and information flow
among all stakeholders engaged in promoting
the safe use of medical products;
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(3) Improve operations and management to ensure
implementation of the review, analysis, consul-
tation, and communication processes needed to
strengthen the US drug safety system.

Further impetus for the development of SoS came
from the Food and Drug Administration Amendments
Act of 2007 (FDAAAct), which gave the FDA additional
authority over regulation of medication safety.5 These
powers included the authority to mandate postmarketing
research by pharmaceutical companies to better under-
stand drug risks, require medication labeling changes to
improve safety, and create risk evaluation and mitigation
strategies (REMS) for high-risk medications. The Act
also opened the door for the FDA to work more closely
with educators and other allies to better manage the risks
versus the benefits of drugs through each stage of the
product lifecycle.6 The FDAAAct placed responsibilities
on the FDA that would be difficult to achievewithout help
fromkey stakeholders. Pharmacy educators and researchers
were deemed to be important stakeholders in furtheringSoS
because of their expertise, interest, and professional roles.

Consequently, the FDA sought a baseline study of
the safety curricula in colleges and schools of pharmacy
to better understand pharmacists’ ability to participate in
important federal initiatives like the REMS and Sentinel
Programs. A study was conducted to assess the curricula
of accredited US colleges and schools of pharmacy for
inclusion of SoS and provide a program report summariz-
ing findings, lessons-learned, and recommendations for
integrating a proactive SoS program for students.4,7 This
paper describes the exploratory phase of that study.

The specific purpose of this key informant analysis
was to identify opinions about significant issues relating
to the needs and capabilities of pharmacy graduates. The
research attempted to identify themes and ideas that could
inform the development of a survey of SoS curricula of
accredited US colleges and schools of pharmacy. This
exploratory research was conducted because of gaps in
the safety and education literature about the integration of
SoS topics across the curricula, learningoutcomesachieved,
level of reinforcement in experiential training, and com-
prehensiveness of coverage in the curriculum. Results of
the subsequent SoS survey are described in a separate
publication.8

METHODS
This study used semi-structured qualitative inter-

views with “key informants” that included: (1) educators
and researchers at US pharmacy colleges and schools and
(2) individuals from organizations, including the FDA,
engaged in promoting medication safety. A qualitative
approach was selected because it allows for gathering of

rich descriptions that can shed light on the experiences
and interpretations of those being questioned.9 Such
methods also are helpful when conducting research
intended to be used in initial theory development and to
allow for greater elaboration beyond the use of survey
methodology. The Institutional Review Boards of The
University of Arizona, Virginia Commonwealth Univer-
sity, and The University of Mississippi approved study
methods and procedures.

Interview questions were developed based on a draft
SoS healthcare professional curriculum from the FDA.10

This draft curriculum suggested skills and content areas
that would be needed by healthcare professionals to par-
ticipate in FDA safety initiatives. The curriculum empha-
sized the molecular origins and progression of disease,
adverse consequences of treatments, patient- and popula-
tion-specific causes and responses, and new methods for
identifying, understanding, reporting, managing, and
communicating risk. The SoS was defined for informants
before the interview to ensure clarity. To allow infor-
mants flexibility, other terms such as medication safety
were not defined. The interview questionswere pilot tested
and edits were made before beginning data collection. A
description of the proposed curriculum is provided in a pre-
vious Journal article.7

Key informants were selected for their expertise and
advocacy in various topics delineated in the FDA’s draft
SoS curriculum. Several criteria were used in selecting
key informants. Individuals authoring papers or presenta-
tions identified in the literature review were candidates.
Specialties of those identified included researchers and
educators in the basic sciences (eg, pharmaceutics, phar-
macology), clinical practitioners, curriculum committee
chairs, educational specialists, clinical researchers, epi-
demiologists, and social science researchers from public
and private colleges and schools of pharmacy, and repre-
sentatives from institutions and associations that focus on
issues related to SoS.

The study plan was to include a sufficient number of
expert informants to elicit a mix of views about the needs
of pharmacy students regarding safety topics and to reflect
current teaching practices. A snowball sampling technique
was used for this study. Each of the selected key informants
was contacted and invited to participate in an interview. At
the end of each interview, the individual was asked to
recommend others who might be able to provide insight
and expertise into educating about SoS. The number of
interviews was capped at 30 because the final 5 interviews
did not provide additional information.

An interview protocol was created to collect descrip-
tive information about the key informant’s background
and experiences in SoS, and to obtain viewpoints on
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achievements and challenges of teaching the topic. Inter-
views were conducted by investigators experienced in
qualitative research. Each interviewer underwent addi-
tional training concerning the conduct of the interview
and a key informant interview guide was provided to
ensure focus on issues identified in the literature review.
Investigators contacted each key informant by phone or
e-mail to describe the study, obtain agreement to partici-
pate, and schedule an interview time. All interviews were
conducted via telephone and lasted 20 to 60 minutes. The
authors took notes during interviews. These notes were
later verified from interview audio recordings.

Interview notes were de-identified before further anal-
ysis. Qualitative data classification techniques were used to
identify unifying information.11 Descriptive coding was
used to evaluate demographic characteristics. Responses
were then grouped according to categories or themes (ie,
topic coding). Analytical coding was used to interpret the
data and reflect onmeanings.Data qualitywas ensured via
recoding of responses by another individual and checking
10% of data for consistency with the original coding.

RESULTS
Thirty key informants were contacted and given the

opportunity to participate in this study. All who could be
contacted agreed to participate, yielding a response rate of
100%. Of those interviewed, 25 (83%) were from 10 dif-
ferent colleges and schools of pharmacy across the nation.
Of these, 13 (52%) were from institutions classified as
having a research focus and 12 (48%) were from institu-
tions considered to be teaching oriented. A college or
school was considered to have a research focus if it was
ranked in the top 40 among colleges and schools of phar-
macywith National Institutes ofHealth funding. Other key
informants were from the Food and Drug Administration,
the American Association of Colleges of Pharmacy, the
Critical Path Institute, and the Institute for SafeMedication
Practices. Of those interviewed, 22 (73%) were men. The
interviewees had diverse backgrounds, although all were
leaders in the teaching or implementation of at least one
facet of SoS. For example, interviewees represented tenure-
track and nontenure-track faculty members; assistant pro-
fessors, associate professors, full professors, experiential
education directors, and deans; clinical faculty members
with expertise in ambulatory care, community, and hospital
settings; faculty members who specialized in pharmacy
administration/outcomes research, medicinal chemistry,
toxicology, pharmacology, and law; and members of pro-
fessional, not-for-profit, and governmental organizations.
Additional demographic data are included in Table 1. Com-
mon opinion themes that emerged among key informants
are detailed below.

Newly graduated pharmacists should meet mini-
mumSoS requirements.Respondents agreed that newly
graduated pharmacists should possess a minimum set of
knowledge, skills, and abilities such as: (1) the ability to
identify errors and the causes of those errors; (2) knowl-
edge of how to report concerns regarding medication
safety; (3) the skills to measure, build, or change a system
to reduce errors and to improve quality; and (4) the ability
to effectively communicate verbally with patients and
other healthcare providers about medication safety. A rep-
resentative quote from a key informant was, “. . .quality
includes, not just ensuring the right tablet gets into the
bottle, but making sure that the patient takes it correctly,
making sure the patient understands the medication, mak-
ing sure the patient gets well, ultimately.” Key informants
agreed that pharmacists are distinctively positioned for a
leading SoS role in the US health care team: “[Pharmacists
need to] recognize that they have, as a result of where they
are. . .a unique perspective, a unique opportunity, and as a
result of these, a unique responsibility.” Key informants
advocated that students should be taught to appreciate the
history behind the evolution of safety systems in order to
prevent history from repeating itself. For example, 1 inter-
vieweementioned that students should understand the gen-
esis and evolution of unit-dose packaging and systems to
fully appreciate what types of errors were occurring at that
time and to provide context for future decisions regarding
medication risks in practice.

Pharmacy colleges and schools are preparing stu-
dents well in some areas of medication safety and not
well in others. When asked to describe how well phar-
macy schools were preparing students in the area of med-
ication safety, only 2 key informants indicated that they
felt colleges and schools were doing a “good” or “great”
job. A general consensus among key informants was that
the teaching of SoS was not systematic (“if they get

Table 1. Demographics of Key Informants in a Study on
Educating Pharmacy Students About the Science of Safety
(n 5 30)

Professional Affiliation No. (%)

Academia

Dean 3 (10)
Experiential education 3 (10)
Pharmacy practice 7 (23)
Pharmacy administration 8 (27)
Pharmaceutical sciences 4 (13)

Other

Pharmacy association 1 (3)
Government 1 (3)
Non-profit 3 (10)
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[certain aspects of SoS], they get it serendipitously”) and
that there is not a designated place for it in the curriculum.
However, a prevalent theme was the idea that despite
certain gaps that need to be addressed, much of the phar-
macy curriculum already was devoted to safety. One in-
formant stated “. . .given that [the FDA’s] definition, the
entire curriculum of the College of Pharmacy is probably
devoted to [SoS]. . . .Probably every discussion we have
and every lecture we give has something to do with en-
suring or trying to accomplish the safety/effectiveness
agenda.” Educators especially believed that students
were well prepared as far as basic science and clinical
courses such as pharmacology, pharmacotherapeutics,
and pharmacokinetics.

When asked to indicate what gaps exist in medica-
tion safety education, the following 4 areas were identi-
fied: lack of (1) student acceptance of a “culture of
safety”; (2) ability to verbally communicate effectively
with patients and other healthcare providers about medi-
cation safety; (3) knowledge of the research and develop-
ment process; and (4) skills to measure, build, or change
a system to reduce errors and to improve quality. Key
informants expressed the concern that students were be-
ing taught about the problems that exist (eg, medication
errors, insufficient attention to using evidence-based med-
icine for prescribing, poor post-marketing surveillance),
but not how to effectively ameliorate these problems. As
one educator phrased it, “I don’t thinkwe [as educators] do
a good job of teaching students how to implement solutions
to those problems.” This theme was the undercurrent of
why key informants believed that pharmacy curricula did
not adequately teach students to develop problem-solving
and decision-making skills. There was no consensus
among key informants concerningwhich schools are doing
a particularly good job in preparing their graduates in SoS
(ie, no school was mentioned by more than 1 informant).

SoS education should be “hands on” or interac-
tive.Key informants disagreed on the best way to add SoS
to pharmacy curricula. Suggestions included: make the
SoS a separate required course; use an integrated curric-
ular model that threaded SoS material throughout the
curriculum; and expose students to SoS topics during
experiential training. Regardless of the method of curric-
ular addition preferred, informants agreed that SoS train-
ing should be hands on, interactive, and as “real world” as
possible.

When asked about offering tracks that specialize in
medication safety, key informant answers varied. Some
stated that there should be a core set of standards for all
students, supplementedwith opportunities to specialize in
SoS. Others expressed concern that students have insuffi-
cient knowledge about what they want to do professionally

and might not be able to make informed decisions regard-
ing specialization.

There Are Barriers to Improving SoS Curricula
at Colleges and Schools of Pharmacy. Key informants
agreed that one of the greatest barriers to improving SoS
education at colleges and schools of pharmacy was find-
ing time in an already packed curriculum. Several also
brought up the lack of communication between faculty
members as represented by the following quote: “I think
the biggest challenge in that [integrating the curriculum]
is having facultyworkwith each other. I think faculty very
much work in silence and it’s difficult to convince faculty
to work together.”

Another barrier noted was lack of faculty expertise
in SoS. Interviewees thought it was important for faculty
members with expertise in this area to share their exper-
tise by developing curricular materials such as readings,
slides, syllabi, as well as a train-the-trainer program.

Some key informants thought that pharmacy em-
ployers were part of the problem with some of the issues
of medication safety in the United States. Although em-
ployers have made steps to improve their dispensing sys-
tems, some key informants felt that employers did not
emphasize a culture of safety in pharmacy practice. Nev-
ertheless, there alsowas a belief that pharmacy employers
could be part of the solution if they were given the right
incentives to focusmore onmedication safetywithin their
practice.

DISCUSSION
Key informants agreed that new pharmacists should

possess a minimum set of SoS knowledge, skills, and
abilities. However, the first requirement mentioned by
a given informant usually corresponded to their area of
expertise. This is to be expected as one typically thinks of
issues in the frame of one’s own specialty. For example,
faculty members who were medicinal chemists were
more likely to mention concepts like the importance of
the research and development process and basic science
knowledge, whereas social scientists were more focused
on systems knowledge and the ability to detect errors
and causes of those errors as the biggest priority. Many
thought their discipline addressed SoS, but few if any
perceived SoS as the FDA does, via a product lifecycle
approach. SoS is broad and the profession of pharmacy
needs to see the bigger picture. To do this, educators
should talk to others outside their areas of expertise about
SoS topics. Education reform has been recommended in
the health sciences to improve safety12 but not enough
progress has been made in this area13 since the 1999 IOM
report To Err is Human.14 A plan for teaching physicians
to provide safer care has been proposed.15 Similarly, the
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profession of pharmacy needs to decide on the minimum
SoS requirements for a new pharmacist. Some in other
countries and in other professions have already begun the
development of patient safety educational frameworks for
education and outcomes16-18 and the US pharmacy edu-
cational system should follow suit. Mention of safety and
quality is made in the Accreditation Council for Phar-
macy Education (ACPE) Accreditation Standards and
Guidelines for the Doctor of Pharmacy Degree.19 Elabo-
ration in the ACPE standards on the meaning of the terms
safety and quality could benefit colleges and schools of
pharmacy. This study provided first steps but a broader
consensus is needed to guide colleges and schools.

The key informants thought that pharmacy colleges
and schools are not adequately preparing students in all
areas of medication safety. A possible reason for this
conclusion was the general belief that SoS teaching was
not systematic because there was no set place for it in
many curricula or any defined topics for SoS that should
be taught.While they agreed therewere gaps in pharmacy
curricula, the key informants did indicate thatmany facets
of SoS already were being taught and integrated. Key
informants appeared to be saying that despite gaps that
need to be addressed, the entire pharmacy curriculum is
devoted to safety. The important issue is how to better
define and measure gaps so they can be addressed on
a curricular level.

Therewas not a consensus among the key informants
concerning the best way to add SoS to pharmacy curricula
(ie, as a standalone course or integrated into each class).
However, nationwide consensus on this issue may not be
necessary to move forward with development of a SoS
curriculum.OnceminimumSoS requirements are defined
and delineated, it can be left up to each college and school
of pharmacy to ensure that outcomes are met. This might
provide a vehicle for producing innovative solutions and
continuing excellence. Regardless of the method of cur-
ricular addition preferred, informants agreed that SoS
training should be hands on, interactive, and as “realworld”
as possible. Published literature in other areas suggests
a similar point 20-22 and an effort to include “real-life”
SoS education should be incorporated into any SoS edu-
cational curriculum.

As with any other change, there is no shortage of
barriers to the implementation of SoS in pharmacy edu-
cation. Curricular time, communication between faculty
members, and faculty expertise were seen as the largest
barriers. Adding SoS education in an already full curric-
ulum is definitely a valid concern, although there may be
ways to add content via homework assignments, early
experiential education, and projects. Opening up SoS di-
alog between disparate departments within colleges and

schools of pharmacy may facilitate faculty communica-
tion. Each might be pleasantly surprised to find that more
SoS education is integrated into the curriculum than was
thought. Concerning faculty expertise, if viewed from a
life-cycle approach, many colleges/school of pharmacy
have a faculty member who has expertise in some of the
facets of SoS. For curricular issues left unaddressed, a
train-the-trainer program may be helpful to increase
knowledge. A turnkey quality improvement education
does exist23 and could be used as a starting point to
addressing faculty SoS knowledge; however, it ad-
dresses only a portion of the SoS. This turnkey program
is available to faculty members from the Pharmacy
Quality Alliance upon request.24 By definition, key in-
formant interviews involve small, nonrandom situa-
tions where participants offer opinions. These are
obvious limitations of this study; therefore, future re-
search should include larger, random samples to increase
the generalizability of results. In addition, outcome stud-
ies evaluating the impact of SoS education on pharmacy
practice as well as studies describing how pharmacists
use SoS practices. Best SoS educational practices should
be identified and made public so maximal benefit can
be achieved.

CONCLUSIONS
While key informants believe that US colleges and

schools of pharmacy cover some portions of SoS well,
perceived deficiencies include the lack of (1) student ac-
ceptance of a “culture of safety”; (2) the ability of grad-
uates to effectively verbally communicate with patients
and other healthcare providers about medication safety;
(3) knowledge of the drug research and development
process; and (4) the skills to measure, build, or change a
system to reduce errors and to improve quality. The SoS
framework should be considered when setting minimum
education standards for graduating pharmacists.
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