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ABSTRACT

INTRODUCTION: Though health systems science (HSS) is referred to as the third pillar of medical education along with the pillars of basic sci-
ence and clinical care, the effects of learning theories used to teach components of HSS including quality improvement/ patient safety (QI/PS), are
poorly understood. Experiential learning theory is often referenced in Ql/ PS education but its effects on QI/PS education are not well-described.

OBJECTIVE: To examine the effects of teaching QI using experiential learning theory on resident systems-thinking.

METHODS: Data was gathered from 30 resident participants in a 3-h QI workshop designed using experiential learning theory. Using a mixed-
methods design, aspects of learner systems-thinking were analyzed both before and after the workshop. Learners were asked about their con-
fidence in systems-thinking behaviors, and their QI plans were evaluated qualitatively for themes as well as quantitatively via the QIKAT-R.

RESULTS: There was a significant increase in self-reported confidence in systems-thinking behaviors post-workshop. Odds ratio of the QI aim
statement focusing on the systems-level of the problem after the workshop was 41.4 with a 95% Cl of 8.9142 to 192.2721, p-value .0001. Thematic
analysis of QI plans revealed a change in residents’ thinking about healthcare problems. They shifted from attributing problems to individual
actors to thinking about the problem as lying in the interaction between systems.

CONCLUSION: Experiential learning theory can be an effective framework for QI to transform learners into systems-thinkers.
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Introduction

Though health systems science (FSS) is referred to as the third
pillar of medical education along with the pillars of basic science
and clinical care, the role of learning theories in HSS instruction
is poorly understood.! Multiple articles have called for explicit
descriptions of how theory is used in quality improvement and
patient safety (QI/PS) education, which are components of
HSS.*® Though there are many theories that could act as a lens
through which to view and create QI/PS curriculum, experiential
learning theory is often referenced in QI/PS education, but its
application to QI/PS is not always explicitly described.? To
address this need for empirical investigation, we designed a QI
curriculum for residents using experiential learning. Our objective
was to examine the effects of this QI curriculum and its underpin-
ning experiential learning theory framework on residents’
systems-thinking. We will first describe experiential learning
theory and then outline the major tenets of systems-thinking in
the context of HSS. Other theories will also be referenced in
this article insofar as they relate to experiential learning theory in
the context of our study.

Because the literature offers varied interpretations of experi-
ential learning theory, an explanation of the theory in the
context of our QI/PS curriculum may be helpful. The
AMEE Guide provides a template for experiential learning

theory that we found helpful in thinking about our curriculum.”
The Guide describes both individual and group aspects of
experiential learning theory.

The individual aspect of experiential learning theory

In Kolb’s experiential learning cycle, illustrated in Figure 1
below, individuals reflect upon a concrete experience and then
an abstract conceptualization occurs that can then be applied
to new situations.

Kolb’s experiential learning (:ycle8 has some overlap with con-
structivism, another separate but related theory. Constructivism is
a theory that views new knowledge creation as something that lear-
ners construct by linking new information to what was previously
learned.” In this way, knowledge is not regarded as absolute but

tied to an individual’s own perspec‘cive.lo’11

The group aspect of experiential learning theory

The AMEE Guide also addresses the social or group aspects of
experiential learning theory by focusing on the part of Kolb’s
learning cycle where learners move from reflection to abstract
conceptualization. Mezirow’s work on transformative learning
theory explains how, during this part of the learning cycle
where learners move from reflection to abstract conceptualization,
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Figure 1. Kolb’s experiential learning cycle.®

discourse with a group of people can transform our concrete
experiences into new knowledge as we reflect with a group by
taking our own perspectives or “taken-for-granted frames of ref-
erence” and make them more “inclusive and discriminating” of
other people’s perspectives to form new beliefs and opinions
“that are more true” and help guide future actions.”

Using the group aspect of experiential learning theory fto teach
systems-thinking

Per Colbert et al, this ability to think about a problem from
multiple perspectives is necessary for systems thinking.'?
According to Colbert et al, systems-thinking is the cognitive
prerequisite for systems-based practice and can be defined as
“the ability to analyze systems as a whole, including the recog-
nition of essential interrelationships within the system and
between subsystems, and any changes and patterns that arise
out of the networks of relationships and interactions”."?
Systems-thinking is a necessary component of health
systems science education in that it allows medical students to
move beyond the diagnosis and treatment of disease to an under-
standing of how the whole patient fits within the multiple systems
that impact the care of the patient.""*"*” For example, if a medical
student understands what medication to give to a patient with
pneumonia (clinical care of the patient), but the patient is
unable to obtain the medication due to problems with transporta-
tion or insurance (health systems science care of the patient), the
patient’s care is compromised. Systems-thinking is seen as a pro-
tessional responsibility for medical students as well as an integral

foundation for quality improvement and patient safety.™">"*”

Using systems-thinking to guide learners through the
experiential learning cycle

One of the problems with experiential learning theory in
general and specifically relevant to QI/PS education is that
many curricula may not provide sufficient mentorship or guid-
ance during the transformative learning process, which results
in learners having difficulty creating new meaning out of
old.”10 Expert consensus suggests teaching systems-thinking
via a curricular progression that starts with the application of

quality improvement concepts to a familiar personal experience
and then to a health systems problem."® This is also in line with
constructivist learning theory, which holds that learners build
new knowledge on pre-existing knowledge and experiences.
To address this common oversight, we designed a QI workshop
using experiential learning theory as a framework and included
structured small-group learning activities (described below) to
support learners’ progression toward systems-thinking.

Methods

The reporting of this study conforms to the SROR
guidelines”. [Supplementary File]

Context. The context for our study was a 3-h QI workshop
conducted in Fall of 2021 for 30 residents at a single institution
in the Southern United States. Participants were divided into
non-homogeneous small groups of 4-5 residents each. Small
groups were asked to complete two learning activities based
on a shared experience across learner disciplines, that of prepar-
ing for rounds as an intern. Before and after the workshop, par-
ticipants were asked to individually make a QI plan to increase
immunizations in a fictional clinic and to complete a question-
naire (see supplemental file for a copy of the questionnaire). The
learning activities are described below.

Learning activity #1: key driver diagram

In their small groups, learners developed a key driver diagram for
why the intern was not prepared for rounds. The small group role-
played the different stakeholders involved in the intern’s prepar-
ation for rounds: the significant other, the residency program dir-
ector, a fellow intern, a nurse, a patient, and the senior resident.
Learners then brainstormed key drivers of why the intern was
unprepared for rounds from each stakeholder’s perspective.

This exercise tapped into the relativist nature of constructivist
theory, meaning that there are competing versions of reality
depending on which stakeholder’s perspective you take. Perhaps
the senior resident sees that it takes the intern twice as long to
chart check as it does other interns, but the significant other
sees that the intern takes ten minutes to make coffee in the
morning and is late to their shift. Each of these key drivers
could lead to an intern being unprepared for rounds. Depending
on which version of reality (or which stakeholder’s perspective)
is taken, an intervention is then chosen to address the key
driver. The intervention will be different depending on which
key driver is chosen. For example, if making coftee takes too
long in the morning, the intervention may be setting an automatic
coffee marker. However, if chart checking is taking too long, the
intervention might be printing out the labs rather than handwrit-
ing them. Per Colbert et al, systems-thinking is predicated on this
ability to think about a problem from multiple perspectives.12 This
may be because each stakeholder’s perspective captures a different
problem in a different system.
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Learning activity #2: systems-based list

Elaborating on the first activity, small groups were asked to use a
systems-based list to reflect upon their shared prior experience of
preparing for rounds as interns. The list included systems such as
the intern’s residency program, the hospital system, the intern’s
prior education, the intern’s social system, and the intern’s trans-
portation system. Learners were asked to think about problems in
each system that may be contributing to an intern’s ability to be pre-
pared for rounds, as well as how those systems may interact with
each other to create obstacles for the intern’s preparation.
Figure 2 (below) illustrates how the learning activities were

applied to Kolb’s experiential learning cycle:

Data collection

All 30 residents enrolled in the workshop participated, and any resi-
dents not enrolled were excluded from the study. The residents had
all completed their intern year and were from multiple subspecialties.

Data collection was done by gathering written participant
responses via Qualtrics. Each resident individually completed this
form electronically just before and just after the QI workshop.
The form consisted of 12 questions rated by the residents on a
5-point Likert scale and one question asking them to write out a
QI plan®. The data collection instrument is included as a supple-
mentary file. Participants did not enter any identifiable information
into Qualtrics. Data were stored in a password-protected, encrypted
online file system.

Study design, outcome measures, 3 data analysis

We situate this research in the constructivist research paradigm in
alignment with the theories of learning driving the curriculum’s
development as described above. We used a concurrent triangula-
tion mixed-methods design to examine systems-thinking,
meaning that we collected and analyzed qualitative and quantita-
tive data simultaneously to explore with greater depth the elements

of systems-thinking?". Outcome measures included the following:
(1) QIKAT-R scores, (2) Whether the participant identified the
system’s level of the problem, (3) Participant-reported confidence
in being able to work with residents from other subspecialties and
confidence in being able to gather stakeholder input, and (4)
themes from qualitative content analysis of the QI plans (see
Figure 3). Formal sample size calculations were not performed for
this study as the sample included all residents available for analysis
(ie, the full population). Triangulation refers to methods used to
enhance the trustworthiness of a study by cross-checking multiple
data sources”. Concurrent triangulation designs allow for the use
of quantitative and qualitative data sources and analytic methods
to see if they converge to similar conclusions. Since both types of
data are collected and analyzed concurrently, they have equal priority
and can serve to offset either method’s potential weaknesses™.

Ethical considerations and IRB

The University of Texas at Austin Institutional Review Board
(IRB) determined that the study is not research involving
human subjects as defined by DHHS and FDA regulations.
As the data collected was a part of required course activities,
no written or verbal consent was obtained at the time of data
collection. The activity was determined to be “Not Human
Subjects Research” (NHSR): Program evaluation for educa-
tional programs using non-identifiable secondary use data.

Quantitative analysis

QIKAT-R scores. We wanted to understand how participants
transferred the abstract conceptualization of systems-thinking to
solving a health systems problem of increasing vaccines in a fictional
clinic (see Figure 3 below). As referenced above, expert consensus
has suggested that QI may be effectively taught by starting with
teaching QI using a prior experience, like intern preparation for
rounds, and then progressing to asking learners to apply QI to a
health systems problem (like increasing vaccine rates in a fictional

Concrete Prior Experience:

Intern Preparation for Rounds |:>

Reflection with other residents in small groups,
1) Using the key driver diagram to understand
the perspectives of the stakeholders (senior
resident, significant other, patients, etc.)

2) Using the systems-based list to understand
the problems in each system

{

Active Experimentation: <j
Creating a Ql plan

Abstract Conceptualization:
“Systems-thinking”

Kolb's Experiential Learning Cycle  [8]

Figure 2. Application of experiential learning theory to learning activities.
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Figure 3. Measuring the elements of system thinking.

clinic).'® Participants were asked to individually make a QI plan to
increase immunizations in a fictional clinic before and after the
workshop. Individual QI plans were graded using the
QIKAT-R, a validated rubric for assessing QI knowledge.19 Ql
plans were graded by KK, SG, and JR; differences in scoring
were resolved through discussion. The Wilcoxon rank sum test
was used to determine whether differences in pre-workshop and
post-workshop quality improvement knowledge were significant.

Ldentification of the systems-level of the problem

One evaluation criterion within the QIKAT-R asks whether the
AIM statement is “focused on the system-level of the problem
presented”*. For example, a system may include an outpatient
clinic, a hospital, or the vaccine manufacturing system. An odds
ratio was used to determine the likelihood of whether QI plans
“focused on the systems-level of the problem presented” after
the workshop as compared to before the workshop®*.

Participant confidence

Learner confidence in working with residents from other sub-
specialties and learner confidence in incorporating stakeholder
input were assessed before and after the workshop by question-
naire using a 5-point Likert scale (See Table 1)*°. Due to the
non-normal distribution of the data, differences in confidence
were assessed via the Wilcoxon rank sum test.

Qualitative analysis
Researcher positionality and reflexivity
QI plans were also analyzed qualitatively via content analysis by KK

and GG to discover how learner QI plans changed after the work-
shop. GG is a PhD medical education researcher with training in

Table 1. Mean difference in scores Among all participants (N =30).

Mean Mean Post P-value
Baseline simulation
Topic (Confidence in ...) Score?® Score®
Working with residents from 3.6 4.37 < 0.001
other subspecialties
Incorporating stakeholder 2.03 41 < 0.001

input

3Rated on a 5-point Likert Scale (1= Strongly Disagree, 5= Strongly Agree)?°

qualitative analysis. His research focuses on hierarchy and power
in medical education systems. KK is a medical doctor (MD) with
subspecialty board certification in pediatric hospital medicine, a
subspecialty that focuses on quality improvement within hospital
systems and is also a faculty instructor in interprofessional educa-
tion. JR and SG are internal medicine hospitalists with additional
training in quality improvement. KK, JR, and SG created the work-
shop curriculum and taught it to the 30 residents in this study.

Content analysis

Using an iterative, inductive approach, each QI response was inde-
pendently coded first as to the type of intervention suggested. These
codes were then grouped by what factors and systems were involved.
For example, a process within the clinic, such as intake procedures,
would be coded as part of the clinic system, whereas interventions
involving patient education would be coded as a “patient factor”
atthe system level. Finally, the entries were analyzed for descriptions
of interactions between systems, if any. GG and KK coded several
entries independently, then discussed codes to form the codebook.
After completing independent coding, all coded entries were dis-
cussed to reach consensus. See Table 3 for examples of codes.
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Table 2. Pre-Post number of systems identified per response and

interaction between systems.

Number of Pre-Workshop (Number

of Responses)

Systems
Identified

Table 3. Codebook.

Post-Workshop (Number of

Responses) Clinic factors

(Clinic processes)

Patient factors

Theme (System addressed)

Code (Intervention)
Ask patients if they are vaccinated

Provide handout on where to obtain the
vaccine

Offer vaccine at all visits
Offer specific clinics for vaccinations

Make immunization status part of intake
procedure

Nurse alerts to provider
Offer vaccine to high risk groups

Nurse educates patient due to provider
time constraints

Same-day appointments

Vaccine room

Miscounting the number of vaccines
Discuss vaccination with the patient

Verbal education by provider

No Systems No systems identified = No systems identified
Identified (19) 9)
Patient Factors  Patient factors only (5) Patient factors only (3)
Only
Specific Specific Interventions:
Interventions:
4 — Patient Education 1 —phone call reminders
1 — Text Reminder 1 —text reminder
1 — motivational
interviewing
One System Clinic factors (2) Provider Factors (2)
Clinic Factors (6)
Multiple Patient/ Clinic factors ~ Patient/ Clinic Factors
Systems 2 (3)
Clinic/ Manufacturing  Clinic/ Manufacturing
System (1) System (1)
Patient/ Clinic/ Clinic/ Community (1)
Provider (1)
Patient/
interprofessional team
M
Provider/ Patient (1)
Clinic/ Provider (2)
Patient/ Clinic/
Community (1)
Patient/ Clinic/ Provider
1)
Results
QIKAT-R scores

QIKAT-R scores demonstrated a significant improvement in
the residents’ quality improvement knowledge. QIKAT-R
scores significantly improved from a mean of 2.17 to 6.57

(p-value < .001.)

Identification of the systems-level of the problem

Odds ratio of the QI aim statement focusing on the
systems-level of the problem after the workshop compared to
before the workshop was 41.4 with a 95% CI of 8.9142 to
192.2721, p-value .0001.

Participant confidence

There was also a statistically significant improvement in
working with residents from other subspecialties and incorpor-

ating stakeholder input. (See Table 1).

Motivational interviewing

Phone call reminders

Community education campaign
Educational handout about vaccination
Text reminders

Community factors Work with local groups to provide

vaccines

Same day vaccination at a community
site

Work with local organizations to offer
incentives

Provider factors Provider awareness

EMR alerts to provider

Interprofessional team Educate office staff about the vaccine

factors

Manufacturing system Vaccine supply

Qualitative analysis

A greater number of systems, and a greater number of interac-

tions between systems were identified after as compared to
before the workshop. (See Table 2)

Systems-Thinking versus individual factors - representative
quotes

Pre-workshop, residents proposed interventions that addressed
a fault in an individual person by providing education to the
individual:
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“... Poll unvaccinated patients on the reason they do not receive the flu
vaccine. Try to objectively quantify this data and start by addressing the
top reason. For example, if it was misinformation, then provide a

handout with FAQs...”

“Improve patient awareness with flyers, handouts...”

Post-workshop, residents displayed systems-thinking by propos-
ing interventions that addressed interactions between systems,
such as (1) the interaction between clinic processes (providing sep-
arate flu clinics and dedicated space for vaccine administration)
and patient access to the vaccine and (2) the interaction between
electronic health record processes like EMR alerts and provider
factors like forgetting to ask if the patient has been vaccinated:

“Interventions: recurring flu vaccine clinics, offer flu vaccines in a room
adjacent to a waiting room to increase convenience, have a check box on
EMR to say that flu vaccinations were discussed at visit.”

Discussion
This study examined the effects of teaching QI using experiential
learning theory on systems-thinking. Learning activities guided
learners through Kolb’s experiential learning cycle, first starting
with a concrete prior experience (intern preparation for rounds)
and then reflecting on that experience with other residents in
their small group, using a key driver diagram and systems-based
list, to then propel them to the next step in Kolb’s learning
cycle — formation of the abstract concept of “systems-thinking.”
Finally, learners were pushed to the final step of Kolb’s learning
cycle — active experimentation by writing a QI plan. (See Figure 4).
The familiar, concrete experience chosen for our workshop
was intern preparation for rounds as our learners had just fin-
ished their intern year. They were asked to individually
create a QI plan to solve a health systems problem (that of
increasing immunizations in a clinic) before and after the
workshop. Our study offered a unique way to examine this
progression as the same health systems problem was pre-
sented both before and after the workshop without any
other intervention. Residents did not go back to the wards

Concrete
Experience:

Intern Preparation |:> Reflection

for Rounds

Active Experimentation: <j
Make a Ql Plan to
improve vaccinations in
a fictional clinic

Abstract
Conceptualization

or clinic or even their own lives prior to solving the same
health systems problem again.

Prior to the workshop, learner QI plans reflected an abstract
conceptualization that saw individual actors (patient education
being the most common problem identified) as the problem
that needed intervention. After the workshop, learner QI plans
displayed systems-thinking in which the systems-level of the
problem was identified, and interventions focused on addressing
problems within multiple systems. We relied on experiential learn-
ing theory in asking our learners to think about a past concrete
experience of preparing for rounds as interns and reflect upon it
to come up with an abstract conceptualization that could then
be applied to new situations (like improving vaccinations in a
clinic.) Because one of the problems with experiential learning
theory is that sometimes insufficient guidance is provided to
help learners create abstract conceptualizations that can then be
applied to new situations, learners were asked to create a key-driver
diagram and systems-based problem list of the systems that are
involved in intern preparation for rounds as a framework for the
abstract conceptualization of “systems-thinking.”

We relied on theories that emphasized the importance of dis-
course with others and taking the perspective of others in transform-
ing learners into systems-thinkers. Though there was an
improvement in learner confidence in working in groups after the
workshop and there was also an improvement in systems-thinking
after the workshop, it is unclear to what extent the improvement in
confidence in working in groups led to solving QI problems with
systems-thinking within the context of our study. A strength of
teaching QI/PS in groups of learners who each have different per-
spectives is that it more closely mimics the real-life experience of
quality improvement in which the perspectives of stakeholders are
engaged to improve our understanding of the systems in which
each stakeholder works and thereby implement more effective solu-
tions. Another strength of our study is that we triangulated the
qualitative results of systems-thinking in our learner’s QI plans
with a validated rubric (the QIKAT-R) as well as subjective
improvements in learner confidence in QI to demonstrate improve-
ments in aspects of systems-thinking in all areas.

Guided Learning: Reflect on
intern preparation for rounds
making a systems-based list

= Systems-Thinking

Using the Experiential Learning Cycle to Create System's Thinking (8]

Figure 4. Using the experimental learning cycle to create system’s thinking.®
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Intern preparation for rounds may have been a particularly
potent concrete experience as learners (especially learners who
have been successful at navigating multiple systems to get to resi-
dency) may be particularly likely to think about this problem as a
problem with the individual intern as opposed to the systems
involved in intern preparation for rounds. However, there may
be multiple systems interacting to hinder intern preparation for
rounds. For example, the hospital system may be set up in such
a way as to impede intern preparation for rounds in the case
where a hospital system opens a new residency program, and
there are changes that need to be made within the hospital
system processes to accommodate residents and to provide appro-
priate levels of autonomy and supervision. There may also be pro-
blems within the residency program where insufficient preparation
is given to interns prior to starting on the inpatient wards. There
may be problems within the intern’s prior educational system —
perhaps the intern has a learning disability that would need to
be accommodated by the residency program (problem in the inter-
action between systems) or had a medical school experience in
which shadowing other physicians rather than active participation
in patient care was the primary mode of teaching. This
“systems-thinking” abstract conceptualization of problem-solving
where learners are contemplating interactions between systems
may differ from a “taken-for-granted frame of reference” in
which a problem is seen as the fault of individual actors rather
than the fault of the complex interactions between systems.'?

Systems-thinking is an important construct in teaching
systems-based practice, particularly in a healthcare system that
has grown increasingly interconnected and that relies on the
healthy interaction between multiple systems to improve patient
care. As healthcare is moving to better address social determinants
of health, systems-thinking may also be a valuable lens through
which to view health disparities and the systems that either per-
petuate or disrupt health inequities. Rather than seeing a patient
with poor control of their diabetes as the fault of the individual
patient alone, systems of care can be rethought to improve the like-
lihood that a person with diabetes can have better diabetes control.
In this way, physicians may come to see problems not as the fault
of individual patients, providers, or staff but as the complex inter-
play of systems that is more or less likely to perpetuate good or bad
outcomes.

The study adds to the body of work that suggests that
systems-thinking is a foundational mindset for teaching QI/PS
(as opposed to teaching QI/PS as a set of skills to be learned)
and suggests that using Kolb’s experiential learning cycle could
be a way to teach the systems-thinking mindset"27

Limitations include challenges to generalizability given the
study was conducted at a single institution and lacked an a
priori power analysis. Additionally, the questionnaire was not
validated or pilot-tested. This is mitigated by the triangulation
inherent in the mixed-methods design. The additional quanti-
tative measures from the previously validated QIKAT-R and

the qualitative measures provide confirmability for the findings

and add context for the reader to make judgments about applic-
ability. However, multi-institutional studies and comparisons
between QI courses taught without the framing of experiential
learning theory would provide additional insights into future
systems-thinking curricula.

Conclusion

Using experiential learning theory can be an effective way of
transforming learners into systems-thinkers. Further study
should be given to the effects of teaching QI/PS in groups of
learners as opposed to teaching QI individually, particularly
with the proliferation of online QI modules which are intended
for the individual rather than the group and have the potential
drawback of not being able to simulate the perspective-taking
needed for systems-thinking.
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