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Abstract

Background: While the Association of American Medical Colleges encourages medical schools to incorporate
quality improvement and patient safety (QI/PS) into their curriculum, medical students continue to have limited Ql/
PS exposure. To prepare medical students for careers that involve QI/PS, the Institute for Healthcare Improvement
chapter at an allopathic medical school and school of allied health professions initiated self-directed learning by
offering student-led workshops to equip learners with skills to improve the quality and safety of healthcare
processes.

Methods: In this prospective cohort study, workshops were hosted for medical students between 2015 and 2018
on five QI/PS topics: Process Mapping, Root-Cause Analysis (RCA), Plan-Do-Study-Act (PDSA) Cycles, Evidence Based
Medicine (EBM), and Patient Handoffs. Each workshop included a hands-on component to engage learners in
practical applications of QI/PS skills in their careers. Change in knowledge, attitudes, and behaviors was assessed via
pre- and post-surveys using 5-point Likert scales, and analyzed using either the McNemar test or non-parametric
Wilcoxon signed-rank test. Surveys also gathered qualitative feedback regarding strengths, future areas for
improvement, and reasons for attending the workshops.

Results: Data was collected from 88.5% of learners (n = 185/209); 19.5% of learners reported prior formal instruction
in these topics. Statistically significant improvements in learners’ confidence were observed for each workshop.
Additionally, after attending workshops, learners felt comfortable teaching the learned QI/PS skill to colleagues
(mean pre/post difference 1.96, p < 0.0001, n=139) and were more likely to pursue QI/PS projects in their careers
(mean pre/post difference 045, p < 0.0001, n=139). Lastly, learners demonstrated a statistically significant increase
in knowledge in four out of five skills workshop topics.
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experiential learning and minimal didactic instruction.

Conclusion: Few medical students have formal instruction in QI/PS tools. This pilot study highlights advantages of
incorporating an innovative, student-directed modified flipped classroom’ methodology, with a focus on active
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Background

Although progress has been made towards designing
safer healthcare systems, there remains much work to be
done. Further engagement from healthcare providers
and trainees is critical to mitigate preventable adverse
events and maximize therapeutic outcomes for patients.
A gap between theoretical frameworks of improvement
science and their practical application is readily apparent
[1, 2]. Based on recent healthcare trends, the majority of
published quality improvement and patient safety (QI/
PS) data continues to be centered on clinical outcomes
and improvement of care processes [3—-5]. Less data is
readily available regarding QI/PS medical education, es-
pecially in undergraduate medical education.

Previous reports demonstrate that practicing clinicians
are able to effectively learn QI/PS with various teaching
and learning methods [6]. As QI/PS initiatives continue
to expand, it is both logical and essential for trainees to
learn about basic principles early in training in order to
raise awareness, prevent medical errors and ultimately
cultivate a culture of safety [7-10]. Medical students
should have the aptitude to recognize safety concerns,
assist in improving care processes, understand systems-
based strategies for improvement, apply evidence-based
medicine to practice, and communicate effectively with
both colleagues and patients regarding errors or near
misses [11, 12].

The World Health Organization (WHO) and the As-
sociation of American Medical Colleges (AAMC) en-
courage medical schools to incorporate QI/PS into
curriculum taught to all medical students [13, 14]. How-
ever, studies show that medical students continue to
have limited or inadequate QI/PS exposure and know-
ledge [15-17]. Large variation exists within methodology
of teaching QI/PS to students in terms of types of skills
taught, amount of material covered, the stage of training
at which medical students are taught QI/PS, and the
teaching strategy employed (didactic vs. experiential
hands-on learning) [11, 15, 18, 19].

To address gaps in curriculum and improve overall
quality of QI/PS education, we designed an interven-
tional pilot study to assess the impact of self-directed
educational QI/PS workshops for students. The objec-
tives of this initiative were to: (1) develop student-led,
standardized curriculum for basic QI/PS skills, (2) design

an innovative hands-no approach to teaching QI/PS to
learners, and (3) assess changes in learners’ knowledge,
attitudes, and behaviors regarding QI/PS.

Methods

Study design

The prospective cohort study was conducted by student
leaders within the Institute for Healthcare Improvement
(IHI) Open School Chapter at an institution with an
allopathic medical school and a school of allied health
professions. The IHI Open School Chapter hosted edu-
cational hands-on workshops on five QI/PS skills from
2015 to 2018. Workshops were held during lunch or
evening hours and attendance was voluntary for both
medical and physician assistant (PA) students. Topics
taught included patient handoffs, root-cause analysis
(RCA), process mapping, evidence-based medicine
(EBM), and plan-do-study-act (PDSA) cycles. All work-
shops were primarily student-generated or student-led
through peer-to-peer teaching, with assistance and sup-
port from fellows and faculty. Curriculum was reviewed
by subject-matter expert faculty prior to the workshops.
Data was collected in the form of pre- and post-
workshop surveys administered prospectively to all stu-
dent attendees. Completing the survey was voluntary.

In addition to these workshops, QI/PS education dur-
ing medical training at our institution consisted of a
mandatory Patient Safety course during the second year
of medical school as well as optional preclinical electives
offered by the IHI Open School Chapter.

Workshop structure

All workshops were designed to include both a didactic
component and a hands-on interactive component. A
methodology of teaching, in which students focus on ac-
tive learning during each session rather than didactic
learning, was utilized [20, 21]. This ‘modified’ flipped
classroom methodology leveraged the core principle of
focus on application of content rather than attainment.
However, it was considered to be modified primarily be-
cause students did not receive resources or materials to
review prior to attending the workshops. Each workshop
had a variation of the following basic structure:

1) Completion of pre-workshop survey
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2) Brief didactic session to teach general principles of
QI/PS in addition to information pertinent to
learning a specific QI/PS skill

3) Hands-on interactive exercises

4) Group reflection upon the learned QI/PS skill

5) Completion of post-workshop survey

Most workshops were one hour in length with the ex-
ception of the RCA and process mapping workshops
which required 1.5-2 h each.

Curriculum development process
Ten student leaders with prior background in quality
improvement and patient safety set out to design an in-
novative model for curriculum development through
case-based experiential learning. Their prior background
came from a combination of work experience, research
experience, quality improvement and patient safety lec-
tures, and supplemental coursework through the IHI
Open School. An iterative process was used for content
development for each workshop starting with a review of
the literature [22—24]. Information from the review was
synthesized and supplemented with IHI Open School on-
line curriculum as well as prior didactic lecture notes. This
led to the formulation of lesson plans, presentation slides,
multimedia content, and handouts for each workshop.
Student leaders then brainstormed ideas for an inter-
active hands-on component for each workshop, with the
assistance of both online resources and faculty. Student
leaders met with subject matter expert faculty to com-
prehensively review the proposed curricula and receive
feedback on areas for improvement prior to hosting the
workshop for students. After the completion of each
workshop, content was continuously improved by stu-
dent leaders biannually based on participant feedback.

Hands-on workshop components

Each workshop included a hands-on component in
addition to a didactic session to engage learners in prac-
tically applying QI/PS skills in their careers (Fig. 1). The
Patient Handoff workshop employed case-based learning
for learners to practice effectively transitioning care be-
tween shifts and providers. The Process Mapping work-
shop provided learners with the opportunity to interview
healthcare providers at a county hospital emergency de-
partment in order to observe, assess, and improve the effi-
ciency of various clinical processes. The RCA workshop
utilized case-based learning and role modeling to address
prevention of adverse events and teach learners how to
identify root cause of a medical error retrospectively. The
PDSA cycle workshop gave learners the opportunity to
simulate IHI's Model for Improvement through real-
world daily activities in addition to medical scenarios [25,
26]. The EBM workshop used case-based learning to teach
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learners how to use evidence-based medicine tools when
analyzing, interpreting, and presenting manuscripts re-
lated to QI/PS scholarship.

Workshop surveys

A survey development team consisting of IHI student
leaders met annually to develop, adjust, and analyze sur-
vey questions for each workshop, in addition to analyz-
ing data collected to date. Surveys were distributed
before and after each workshop.

The first portion of each pre-workshop survey had
three questions utilizing 5-point Likert scales to assess
learners’ confidence in performing QI/PS skills, comfort
level in teaching their peers the learned skill, and likeli-
hood of pursuing quality improvement and patient safety
throughout their careers. The middle of each pre-
workshop survey assessed knowledge objectively through
1-3 multiple-choice and short answer questions. The
end of each pre-workshop survey included questions re-
garding level of training, previous formal instruction
regarding each learned skill, and the reason for interest
in the workshop. The post-workshop survey mirrored
the pre-workshop survey with the addition of 5-point
Likert scales assessing usefulness of the workshop and
effectiveness of the facilitator as well as qualitative free
response and binary (yes/no) questions regarding
strengths of the workshop, suggestions for improvement,
and adequacy of time allotted. Qualitative data was col-
lected primarily to receive feedback on the quality of the
workshop and make improvements in the workshop
content or structure for future sessions.

Statistical Analysis

Statistical analysis was completed using either the
McNemar test for correlated proportions or the non-
parametric Wilcoxon signed-rank test for evaluating dif-
ferences in paired ordinal data. Incomplete surveys with
any non-free response questions left blank were ex-
cluded. All p-values are reported using one-tailed statis-
tical testing since an educational intervention would be
expected to have either no improvement or positive im-
provement in analysis of pre- and post-survey variables.

Results

Complete data was collected from 88.5% of learners who
attended the workshops (7 =185/209). A total of 13
workshops were offered with an average of 16 learners
in attendance. Approximately 19.5% of learners had pre-
viously received formal instruction on the topic being
taught at the workshop. A majority of those with prior
exposure had taken a required Patient Safety course dur-
ing their second year of medical school or participated
in preclinical electives offered by the IHI Open School
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Fig. 1 Structure and Content of Institute for Healthcare Improvement Workshops

Chapter. A majority of learners were preclinical students
in their first two years of professional school (Table 1).

learners were more likely to pursue QI/PS projects in
their careers (mean pre/post difference 0.45, p < 0.0001,
n =139) than they were before attending. Post-workshop
survey data indicated that over half of students attending
each type of workshop were at least somewhat likely to
pursue QI/PS projects (Fig. 2).

Attitudes
Overall, 80.0% of learners believed that the workshops
were useful. Moreover, after attending the workshops,
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Table 1 Institute for Healthcare Improvement Workshop Attendance

Workshop Total # of Learners ~ Medical Medical Medical Medical Other (Physician Assistant ~ Unknown

in Attendance Student (Year  Student (Year  Student (Year  Student (Year  / Post-Graduate)

1) 2) 3) 4)

Root-Cause 31 17 12 1 1 0 0
Analysis
Patient Handoffs 67 41 23 0 0 1 2
Process Mapping 41 31 7 1 1 1 0
Plan-Do-Study-Act 39 32 5 0 0 1 1
Cycles
EvidenceBased 31 12 9 0 0 0 10
Medicine

Behaviors & Knowledge

Each workshop showed a statistically significant im-
provement in self-reported confidence to perform and
comfort level to teach peers regarding each learned skill
(Table 2). Across all workshops together, learners dem-
onstrated a significant improvement in self-reported
confidence to perform the learned QI/PS skill (mean
pre/post difference 1.95, p <0.0001, n = 185) and in self-
reported comfort level to teach peers the QI/PS skill
(mean pre/post difference 1.96, p<0.0001, n=139).
Lastly, learners showed an increase objectively in know-
ledge at all workshops, with EBM, process mapping, and
RCA workshops leading in percentage of improvement
(Table 2).

Length of workshop

Cumulative feedback revealed that 90.0% (7 =129) of
workshop attendees believed that the time allotted for
each workshop was adequate. Learners who felt that
time was not adequately allotted provided qualitative
feedback that included reducing didactic session time in
favor of more hands-on session time for portions of the
workshop.

Facilitator evaluations

Facilitators for a majority of workshops were graded on
their effectiveness utilizing a 5-point Likert scale. The
mean score for facilitators from all workshops was
4.77 £ 047 (n=113). Patient handoffs and PDSA cycle
workshops had repeat facilitators.

Qualitative feedback

When learners were asked about why they were inter-
ested in participating in the workshops, sample re-
sponses included the following: “to learn about system-
based changes”, “to better understand workflow and pa-
tient experience”, “to develop innovative ways to im-
prove health care delivery”, “see the practicality of
hospital operations”, “to learn skills necessary to prevent
medical errors that are costly to patients and the health-
care system”, and “to prepare for clinical rotations and
residency.” Positive feedback from learners about work-
shops included the following: “interactive style of learn-
ing was much more engaging than traditional lecture
style”, “good exposure to patient flow in the emergency
room and application of real-life quality improvement
methods”, “good audience participation”, and “this ma-
terial should be taught to all students.” Suggestions for

Evidence Based Medicine

Plan-Do-Study-Act Cycle
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4%

Handoff Workshop

Root Cause Analysis
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Table 2 Change in Confidence, Comfort Teaching Colleagues, and Knowledge of Learned Skills Pre- and Post-Workshop

Confidence Comfort Teaching Colleagues  Knowledge
Workshop Mean Pre/Post *p-value  Mean Pre/Post *p-value  Pre-Workshop Post-Workshop **p-value
Difference (n) Difference (n) Proportion Correct Proportion Correct (n)
Root-Cause 1.65 <0.0001 160 0.0015 0.26 0.96 <0.0001
Analysis (31 (15)
Patient Handoffs 224 <0.0001 229 <0.0001 080 091 0.0625
(62) (48)
Process Mapping ~ 2.07 <0.0001 240 <0.0001 043 0.96 <0.0001
(41) (25)
Plan-Do-Study-Act  2.16 <0.0001 194 <0.0001 048 0.85 < 0.0001
Cycles €1)) €1))
Evidence 0.90 0.0018 0.95 0.0018 0.18 0.88 < 0.0002
Based Medicine (20) (20)

*Calculated using one-tailed Wilcoxon signed-rank test
**Calculated using one-tailed McNemar test

improvements from learners included the following:

» o«

“smaller group sizes for discussion”, “provide handouts
over material taught for students to take home”, “con-
dense didactic time to add additional hands-on practice
time”, “practice skills under time constraint”, and “in-

clude more video examples.”

Total activity time

The total time spent on preparing, executing, reflecting,
and improving each offering of the workshop varied
based on topic. A plan-do-study-act model was used to
improve workshops from one offering to the next. The
estimated time commitment for student leaders to ‘plan’
and ‘do’ a workshop for the first time was approximately
8-12 h. The majority of this time was spent in the prep-
aration phase (content and curriculum development).
The ‘study’ and ‘act’ phases typically took 1-2 h, depend-
ing on the complexity of the specific workshop. The sub-
sequent PDSA cycle required minimal time (less than 1-
2 h) to ‘plan’ the workshop since the curriculum founda-
tion had already been established. Including time spent
at each workshop, faculty typically dedicated a total of
2—4h of time for first-time workshop offerings and 1-2
h of time for repeat workshops offerings.

Discussion
In this pilot study, we sought to assess the impact of an in-
novative model of medical education: a student-led initia-
tive to educate health science students regarding basic
principles and skills of QI/PS. We assessed learners’ atti-
tude, behavior, and knowledge as well as their previous ex-
posure to workshop topics. Feedback obtained from each
workshop allowed us to continuously revise course con-
tent and improve upon the quality of our workshops for
future attendees.

Several key lessons were learned throughout the com-
pletion of this pilot study. First, student-led skills work-
shops were found to effectively improve knowledge,

attitudes, and behaviors of health science students to-
wards QI/PS. Students had an increased likelihood of
pursuing QI/PS projects throughout their careers after
attending the skills workshops and perceived the work-
shops to be useful. The process mapping, PDSA cycle,
and patient handoffs workshops had larger improve-
ments in confidence to perform and comfort level to
teach the learned skill, compared to the RCA and EBM
workshops. This is likely due to both the complexity of
the RCA and EBM material as well as a lower likelihood
of immediate application of these skills in early medical
training. Nonetheless, students demonstrated an ability
to grasp these complex concepts as knowledge improved
as a result of each workshop. Workshops with minimal
improvement in knowledge, such as patient handoffs,
had attendees with a relatively strong baseline know-
ledge of the material. Notably, however, knowledge of
material may not necessarily be indicative of competency
or confidence in performing the specific QI/PS skill.

Second, students expressed a genuine interest in learn-
ing QI/PS skills early in their medical training. Very few
learners in attendance reported having any exposure to
QI/PS in a real-world clinical or research setting. Com-
mon themes identified in reasons for attending work-
shops hosted by the IHI Open School chapter included
career interest in QI/PS, preparation for rotations or
residency training, the opportunity to learn about
healthcare system processes, and lack of knowledge or
hands-on exposure to QI/PS in medical training.

Third, students frequently expressed that the experien-
tial, hands-on portion of each workshop was instrumen-
tal in developing competencies required to perform a
learned QI/PS skill [27, 28]. Numerous studies have con-
firmed the benefit of this approach of bridging the gap
between theoretical concepts and real-world application
within clinical practice [19, 29, 30]. This type of teaching
methodology likely intrigued students when they chose
to attend the workshop. Qualitative feedback indicated
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that they were better able to understand the utility of
the material after seeing its practical application in simu-
lation activities.

Fourth, the time commitment required to design and
implement the QI/PS workshops was reasonable from
both a student and faculty perspective. Workshop at-
tendees only dedicated 1-2h of their time to learn a
valuable QI/PS skill. Student leaders involved in design-
ing or leading workshops also were able to effectively
balance their coursework (including clinical rotations)
with the time commitment required to design and im-
plement a hands-on QI/PS curriculum. Since much of
this initiative was student-driven and student-led, faculty
also enjoyed having an advisory role without the burden
of a large time commitment. Some faculty preferred
communicating simply via email and providing feedback
and edits to learning material developed by students.
Others preferred meeting once or twice briefly for an
hour or less prior to a workshop to review the content
of the workshop and prepare the lesson plan. Repeat
workshops with familiar faculty involved in a prior work-
shop administration often required minimal time com-
mitment (usually less than thirty minutes) outside of the
workshop itself. This type of system further propagates
student leadership and achieves buy-in from faculty in
busy academic centers that are interested in teaching
QI/PS, but whom have limited time available for self-
created content.

Lastly, this pilot study highlights the success of an in-
novative approach comprised of student-directed learn-
ing to fill educational gaps in QI/PS training [31].
Student leaders of the IHI chapter were able to design
the curriculum for the skills workshops, and also take
ownership of the delivery of each workshop. By receiving
instruction from peers, workshop attendees likely felt a
heightened sense of relevance towards the material being
taught. Student leaders were also able to share personal
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experiences regarding the applicability and practicality of
the material during their own medical training. This
likely encouraged students to have raised personal
awareness of trends within the healthcare system that ul-
timately affect the quality of care provided to patients.

This initiative had many facilitating and hindering fac-
tors that ultimately led to the described outcomes
(Table 3). As more workshops were offered over time,
numerous actions were taken to reduce hindering fac-
tors. For example, coordinating scheduling of workshops
to allow both preclinical and clinical students to attend
the workshops proved to be a significant barrier. To ad-
dress this, student leaders reached out to the Internal
Medicine clerkship leadership to assist in allowing clerk-
ship students to receive protected time to step away from
clinical duties in order to attend. Workshops were also
purposely not scheduled near holiday or exam weeks. This
type of planning not only raised attendance at each work-
shop, but also gave preclinical and clinical students the
opportunity to learn from each other during the work-
shops. Additionally, faculty with experience in QI/PS were
deliberately chosen from different specialties, when pos-
sible, to appeal to a wider audience within the student
body. To reduce pressure from students’ competing inter-
ests, the IHI student group co-hosted workshops with
other organizations at the medical school.

As an improvement-based organization, it was import-
ant for us to consider strategic changes to workshops
based on feedback from post-workshop surveys. Work-
shop modifications included the following: (1) smaller
discussion groups to increase individual participation,
(2) availability of handouts with a lesson summary for
students to take home, (3) addition of multimedia con-
tent to improve student engagement [32], (4) adjustment
of workshop content based on perceived applicability
and relevance, and (5) more time for hands-on practice
of each QI/PS skill.

Table 3 Facilitating and Hindering Factors for Implementation of Quality Improvement and Patient Safety Workshops

Facilitating Factors

Hindering Factors

Large academic medical center with abundance of faculty with
QI/PS experience

Funding for workshops to purchase any required materials and
provide food for attendees

Culture of safety within large academic medical center

Engagement of student-leaders in Institute for Healthcare Im-
provement Open School Chapter

Interactive nature of workshops

Competing interests and commitments of trainees (choosing between multiple
lectures or academic organization events)

Schedule variation between preclinical students (basic sciences) and clinical
students on rotations

Lack of awareness and familiarity regarding QI/PS terminology and skills

Access due to geographic location of workshop (especially for clinical students
rotating at specific hospitals)

Engagement of students with varying specialty interests (i.e. pediatrics, obstetrics/

gynecology, internal medicine, surgery, etc.)

Opyportunity for preclinical students to gain clinical exposure

Opportunity for QI/PS faculty to get involved with medical
school teaching

Opportunity for faculty educational portfolio enhancement

Ability to accommodate large groups and maintain interactive nature of workshops
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In summary, our data suggests that students under-
stood the utility of learning QI/PS skills at such an early
stage in their medical training and were receptive to
teaching from peers in a hands-on interactive setting, as
opposed to a formal, didactic lecture style of learning.
Students are valuable participants within the healthcare
system and are uniquely positioned to bring a fresh per-
spective to quality and safety and ultimately make an im-
pact in the improvement of health care [33-35].

The strength of our study is derived from its prospect-
ive nature, with the availability of paired pre- and post-
survey data to effectively determine the impact of a self-
directed educational intervention for health sciences stu-
dents. This study has the advantage of incorporating a
modified version of the successful ‘flipped classroom’
methodology, by primarily focusing on active experien-
tial learning with minimal didactic instruction [20, 21].
The pilot study and curriculum development itself was
successfully created with limited resources and minimal
faculty involvement. The initiative was openly accepted
and welcomed by students, faculty, and educational ad-
ministrators. This is evidenced not only by the voluntary
nature of each workshop, but also the level of participa-
tion each semester. The study also speaks to the import-
ance that faculty place on QI/PS topics as all faculty
involved in the implementation of these workshops were
recruited voluntarily.

There are several limitations to this study. First, the
sample size of the study is limited to approximately 20%
of all students enrolled in medical or allied health pro-
grams in a single institution within a given year. As such,
the results may not be generalizable to all medical or al-
lied health students due to the existence of selection bias
within workshop participants, who voluntarily chose to
attend and therefore may have had pre-existing interest
in QI/PS. As hands-on interactive workshops do not
widely exist, we hope others can utilize this methodology
to teach topics in quality improvement and patient
safety. Second, pre- and post-workshop questionnaires
were initially developed for internal quality improvement
purposes within the IHI Open School chapter and were
not independently validated. Third, there is inevitable
variability that exists between workshops based on topics
taught at each session. For this reason, data was strati-
fied by workshop topic. Multiple offerings of the same
workshop varied slightly due to improvements made
based on feedback from attendees or different workshop
facilitators. However, the central premise of focus on
hands-on interactive learning as opposed to didactic
learning remained consistent amongst workshops. Lastly,
data obtained by surveys was self-reported and short-
term; a need exists for a more robust, objective evalu-
ation of students’ competency in performing each QI/PS
skill and of whether workshop participation induced any
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long-term changes in knowledge, attitudes, or behaviors
related to QI/PS. There is a need for further research to
determine both the longitudinal impact of teaching QI/
PS skills to medical students early in their training and
the most effective teaching strategy to encourage stu-
dents to learn, retain, and apply QI/PS principles. At this
time, the effect of early QI/PS educational interventions
on patient outcomes, including morbidity and mortality,
remains unclear.

Conclusion

With limited number of faculty trained in QI/PS at
many academic centers, the framework of this pilot
study can be utilized to rapidly develop an interactive
curriculum that targets educational gaps within existing
QI/PS curricula. Our innovative methodology of self-
directed peer-to-peer teaching has the potential to be
feasibly replicated at other medical schools and resi-
dency programs, allowing trainees to have the opportun-
ity to gain hands-on simulated training to sharpen their
QI/PS skills within medical practice. This methodology
not only helps facilitate the dissemination of essential
QI/PS principles in an increasingly value-driven health-
care environment, but also cultivates the teaching skills
of future physician leaders, all while addressing a clear
shortcoming within our current medical education
system.

Abbreviations

AAMC: Association of American Medical Colleges; EBM: evidence based
medicine; IHI: Institute for Healthcare Improvement; PA: physician assistant;
PDSA: plan-to-study-act; QI/PS: quality improvement and patient safety;
RCA: root-cause analysis; WHO: World Health Organization

Acknowledgements
not applicable.

Authors’ contributions

KPS, SG, and JRK conceived the initial study, created workshop curriculum,
developed survey content, led quality improvement and patient safety
workshops, collected workshop data, and carried out data analysis. KPS
drafted the initial manuscript. VR, JAG, ZW, AM, MKN, AK, RCJ, MS, JRS, BH,
GW, and SYL created and updated workshop curriculum, developed survey
content, led quality improvement and patient safety workshops, collected
workshop data, provided insight to drafting the initial manuscript, and made
revisions to the manuscript. JF and WVL developed survey content, provided
insight to drafting the initial manuscript, and made revisions to the
manuscript. ACC, LJG, DES, and SA assisted in study design, reviewed
workshop curriculum, served as advisors for quality improvement and
patient safety workshops, provided insight to drafting the initial manuscript,
and made revisions to the manuscript. All authors approved the final
manuscript as submitted and agree to be accountable for all aspects of the
work.

Funding
The authors have no financial relationships relevant to this article to disclose.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author upon reasonable request.



Shah et al. BMC Medical Education (2020) 20:126

Ethics approval and consent to participate

This study (protocol H-43603) was approved by the Institutional Review
Board at Baylor College of Medicine. Human participants in this study in-
cluded only healthcare professions students enrolled in graduate school. As
outlined in the study protocol, participants in the study consented and
agreed to anonymously complete pre- and post-surveys when attending
workshops. Data was initially collected from these workshops purely for con-
tinuous quality improvement and curriculum development purposes as op-
posed to research. For this reason, some data was collected prior to
obtaining IRB approval. The students participating in workshops prior to IRB
approval gave implied verbal consent and completed surveys both voluntar-
ily and anonymously. Workshops that were held after IRB approval contained
written consent information at the top of each survey outlining the use of
data for both research and internal quality improvement purposes. This infor-
mation was reviewed verbally prior to the start of each workshop. Verbal
consent was chosen deliberately in this study to preserve the anonymity of
all survey participants. Participation in the study was optional and did not
have any impact on academic standing within each graduate program. The
methodology outlined above for consent to participate was approved by
the ethics committee.

Consent for publication
not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

Office of Undergraduate Medical Education, Baylor College of Medicine,
Houston, TX, USA. “Department of Medicine, Section of General Internal
Medicine, Baylor College of Medicine, Houston, TX, USA. 3Department of
Pediatrics, Section of Pediatric Hospital Medicine, Baylor College of Medicine,
Houston, TX, USA. 4Department of Emergency Medicine, Baylor College of
Medicine, Houston, TX, USA.

Received: 8 April 2019 Accepted: 24 February 2020
Published online: 23 April 2020

References

1. Makary MA, Daniel M. Medical error — the third leading cause of death in
the. BMJ. 2016;2139:1-5. https://doi.org/10.1136/bmj.i2139.

2. Landrigan CP, Parry GJ, Bones CB, Hackbarth AD, Goldmann DA, Sharek PJ.
Temporal trends in rates of patient harm resulting from medical care. N
Engl J Med. 2010;363:2124-34. https.//doi.org/10.1056/NEJMsa1004404.

3. Field JM, Heineke J, Langabeer JR, Dellifraine JL. Building the case for quality
improvement in the health care industry: a focus on goals and training.
Qual Manag Health Care. 2014;23:138-54. https.//doi.org/10.1097/QMH.
0000000000000036.

4. Kohn LT, Corrigan JM, Molla S. To Err Is Human. Medicine (Baltimore). 1999;
126:312. https://doi.org/10.1017/5095026880100509X.

5. Institute of Medicine, Committee on Quality of Healthcare in America.
Crossing the Quality Chasm. 2001. doi:https://doi.org/10.17226/10027.

6.  Boonyasai RT, Windish DM, Chakraborti C, Feldman LS, Rubin HR, Bass EB.
Effectiveness of teaching quality improvement to clinicians: a systematic
review. JAMA. 2007,298:1023-37. https://doi.org/10.1001/jama.298.9.1023.

7. Panzer RJ, Gitomer RS, Greene WH, Webster PR, Landry KR, Riccobono CA.
Increasing demands for quality measurement. JAMA - J Am Med Assoc.
2013;310:1971-80. https://doi.org/10.1001/jama.2013.282047.

8. Berwick DM, Finkelstein JA. Preparing medical students for the continual
improvement of health and health care: Abraham Flexner and the new
"public interest.". Acad Med. 2010;85. https://doi.org/10.1097/ACM.
0b013e3181ead779.

9. Verbakel NJ, Langelaan M, Verheij PTIM, Wagner C, Zwart DLM. Improving
patient safety culture in primary care : a systematic review. J Patient Saf.
2016;12:152-8. https.//doi.org/10.1097/PTS.0000000000000075.

10.  Morello RT, Lowthian JA, Barker AL, McGinnes R, Dunt D, Brand C. Strategies
for improving patient safety culture in hospitals: a systematic review. BMJ
Qual Saf. 2013,;22:11-8. https://doi.org/10.1136/bmjgs-2011-000582.

11. Nie Y, Li L, Duan Y, Chen P, Barraclough BH, Zhang M, et al. Patient safety
education for undergraduate medical students: a systematic review. BMC
Med Educ. 2011;11. https://doi.org/10.1186/1472-6920-11-33.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 9 of 10

Thompson DA, Cowan J, Holzmueller C, Wu AW, Bass E, Pronovost P.
Planning and implementing a systems-based patient safety curriculum in
medical education. Am J Med Qual 2008;23:271-278. doi:23/4/271
[pii\nhttps://doi.org/10.1177/1062860608317763 [doil.

Headrick LA, Baron RB, Pingleton SK;, Skeff KM, Sklar DP, Varkey P, et al.
Teaching for quality: integrating quality improvement and patient safety
across the continuum of medical education. Assoc Am Med Coll. 2013.
Walton M, Woodward H, Van Staalduinen S, Lemer C, Greaves F, Noble D,
et al. The WHO patient safety curriculum guide for medical schools. Qual
Saf Heal Care. 2010;19:542-6. https://doi.org/10.1136/qshc.2009.036970.
Teigland CL, Blasiak RC, Wilson LA, Hines RE, Meyerhoff KL, Viera AJ. Patient
safety and quality improvement education: a cross-sectional study of
medical students’ preferences and attitudes. BMC Med Educ. 2013;13.
https://doi.org/10.1186/1472-6920-13-16.

Blasiak RC, Stokes CL, Meyerhoff KL, Hines RE, Wilson LA, Viera AJ. A cross-
sectional study of medical students’ knowledge of patient safety and quality
improvement. N C Med J. 2014;75:15-20.

Leape L, Berwick D, Clancy C, Conway J, Gluck P, Guest J, et al. Transforming
healthcare: a safety imperative. Qual Saf Health Care. 2009;18:424-8. https.//
doi.org/10.1136/qshc.2009.036954.

Wong BM, Levinson W, Shojania KG. Quality improvement in medical
education: current state and future directions. Med Educ. 2012;46:107-19.
https.//doi.org/10.1111/j.1365-2923.2011.04154.x.

Kirkman MA, Sevdalis N, Arora S, Baker P, Vincent C, Ahmed M. The
outcomes of recent patient safety education interventions for trainee
physicians and medical students: a systematic review. BMJ Open. 2015;5.
https://doi.org/10.1136/bmjopen-2015-007705.

Mortensen CJ, Nicholson AM. The flipped classroom stimulates greater
learning and is a modern 21st century approach to teaching today's
undergraduates. J Anim Sci. 2015;93:3722-31. https://doi.org/10.2527/jas.
2015-9087.

Tune JD, Sturek M, Basile DP. Flipped classroom model improves
graduate student performance in cardiovascular, respiratory, and renal
physiology. Adv Physiol Educ. 2013;37:316-20. https://doi.org/10.1152/
advan.00091.2013.

Swamy L, Worsham C, Bialas MJ, Wertz C, Thornton D. The 60-minute root
cause analysis: a workshop to engage interdisciplinary clinicians in quality
improvement. MedEdPortal J Teach Learn Resour. 2018;14:10685.

Starmer AJ, OToole JK, Rosenbluth G, Calaman S, Balmer D, West DC, et al.
Development, implementation, and dissemination of the I-PASS handoff
curriculum: a multisite educational intervention to improve patient
handoffs. Acad Med. 2014. https://doi.org/10.1097/ACM.0000000000000264.
Taylor MJ, McNicholas C, Nicolay C, Darzi A, Bell D, Reed JE. Systematic
review of the application of the plan-do-study-act method to improve
quality in healthcare. BMJ Qual Saf. 2014. https://doi.org/10.1136/bmjqs-
2013-001862.

Content F. Institute for Healthcare Improvement : science of improvement :
how to improve Institute for Healthcare Improvement : science of
improvement : how to improve page 2 of 2. Sci Improv. 2012:1-2 http//
www.ihi.org/resources/Pages/Howtolmprove/
ScienceoflmprovementHowtolmprove.aspx.

Lee CS, Larson DB. Beginner's guide to practice quality improvement using
the model for improvement. J Am Coll Radiol. 2014;11:1131-6. https.//doi.
0rg/10.1016/j.jacr.2014.08.033.

Jensen JL, Kummer TA, Godoy PDDM. Improvements from a flipped
classroom may simply be the fruits of active learning. CBE Life Sci Educ.
2015. httpsy//doi.org/10.1187/cbe.14-08-0129.

Delozier SJ, Rhodes MG. Flipped classrooms: a review of key ideas and
recommendations for practice. Educ Psychol Rev. 2017. https://doi.org/10.
1007/510648-015-9356-9.

Hall Barber K, Schultz K, Scott A, Pollock E, Kotecha J, Martin D. Teaching
quality improvement in graduate medical education: an experiential and
team-based approach to the Acquisition of Quality Improvement
Competencies. Acad Med. 2015;90:1363-7. https://doi.org/10.1097/ACM.
0000000000000851.

Wong BM, Etchells EE, Kuper A, Levinson W, Shojania KG. Teaching quality
improvement and patient safety to trainees: a systematic review. Acad Med.
2010;85:1425-39. https://doi.org/10.1097/ACM.0b013e3181e2d0c6.

Shah KP, Kohn JR, Goyal S, Stewart DE. Medical students as teachers: hands-
on quality improvement education. Med Educ. 2017. https://doi.org/10.
1111/medu.13446.


https://doi.org/10.1136/bmj.i2139
https://doi.org/10.1056/NEJMsa1004404
https://doi.org/10.1097/QMH.0000000000000036
https://doi.org/10.1097/QMH.0000000000000036
https://doi.org/10.1017/S095026880100509X
https://doi.org/10.17226/10027
https://doi.org/10.1001/jama.298.9.1023
https://doi.org/10.1001/jama.2013.282047
https://doi.org/10.1097/ACM.0b013e3181ead779
https://doi.org/10.1097/ACM.0b013e3181ead779
https://doi.org/10.1097/PTS.0000000000000075
https://doi.org/10.1136/bmjqs-2011-000582
https://doi.org/10.1186/1472-6920-11-33
https://doi.org/10.1177/1062860608317763
https://doi.org/10.1136/qshc.2009.036970
https://doi.org/10.1186/1472-6920-13-16
https://doi.org/10.1136/qshc.2009.036954
https://doi.org/10.1136/qshc.2009.036954
https://doi.org/10.1111/j.1365-2923.2011.04154.x
https://doi.org/10.1136/bmjopen-2015-007705
https://doi.org/10.2527/jas.2015-9087
https://doi.org/10.2527/jas.2015-9087
https://doi.org/10.1152/advan.00091.2013
https://doi.org/10.1152/advan.00091.2013
https://doi.org/10.1097/ACM.0000000000000264
https://doi.org/10.1136/bmjqs-2013-001862
https://doi.org/10.1136/bmjqs-2013-001862
http://www.ihi.org/resources/Pages/HowtoImprove/ScienceofImprovementHowtoImprove.aspx
http://www.ihi.org/resources/Pages/HowtoImprove/ScienceofImprovementHowtoImprove.aspx
http://www.ihi.org/resources/Pages/HowtoImprove/ScienceofImprovementHowtoImprove.aspx
https://doi.org/10.1016/j.jacr.2014.08.033
https://doi.org/10.1016/j.jacr.2014.08.033
https://doi.org/10.1187/cbe.14-08-0129
https://doi.org/10.1007/s10648-015-9356-9
https://doi.org/10.1007/s10648-015-9356-9
https://doi.org/10.1097/ACM.0000000000000851
https://doi.org/10.1097/ACM.0000000000000851
https://doi.org/10.1097/ACM.0b013e3181e2d0c6
https://doi.org/10.1111/medu.13446
https://doi.org/10.1111/medu.13446

Shah et al. BMC Medical Education (2020) 20:126 Page 10 of 10

32. Chen CM, Sun YC. Assessing the effects of different multimedia materials on
emotions and learning performance for visual and verbal style learners.
Comput Educ. 2012. https.//doi.org/10.1016/j.compedu.2012.05.006.

33. Gorrindo P, Peltz A, Ladner TR, Reddy |, Miller BM, Miller RF, et al. Medical
students as health educators at a student-run free clinic: improving the
clinical outcomes of diabetic patients. Acad Med. 2014. https://doi.org/10.
1097/ACM.0000000000000164.

34. Lough LE, Ebbert JO, McLeod TG. Evaluation of a student-run smoking
cessation clinic for a medically underserved population. BMC Res Notes.
2011. https://doi.org/10.1186/1756-0500-4-55.

35. Seiden SC, Galvan C, Lamm R. Role of medical students in preventing
patient harm and enhancing patient safety. Qual Saf Heal Care. 2006.
https://doi.org/10.1136/gshc.2006.018044.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC



https://doi.org/10.1016/j.compedu.2012.05.006
https://doi.org/10.1097/ACM.0000000000000164
https://doi.org/10.1097/ACM.0000000000000164
https://doi.org/10.1186/1756-0500-4-55
https://doi.org/10.1136/qshc.2006.018044

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Workshop structure
	Curriculum development process
	Hands-on workshop components
	Workshop surveys
	Statistical Analysis

	Results
	Attitudes
	Behaviors & Knowledge
	Length of workshop
	Facilitator evaluations
	Qualitative feedback
	Total activity time

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

