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Abstract

Background: Active learning improves learner engagement and knowledge retention. The application of
continuous quality improvement methodologies, such as the Plan-Do-Study-Act (PDSA) framework, may be useful
for optimizing medical education, including active learning sessions. We aimed to enhance student satisfaction and
achievement of learning outcomes by applying the PDSA framework to an antibiotic utilization curriculum for
medical students.

Methods: Guided by the Plan-Do-Study-Act framework, between February 2017 and July 2019, we developed,
implemented, and revised an active learning session for medical students, focused on appropriate utilization of
antibiotics during their Internal Medicine clerkship.

Results: Across twelve sessions, 367 students (83.4%) completed the post-evaluation survey. Although baseline
ratings were high (97% of respondents enjoyed the “active learning” format), constructive comments informed
iterative improvements to the session, such as modifying session timing, handouts and organization of the gaming
component. Intervention 3, the last improvement cycle, resulted in more favorable ratings for the active learning
format (p = 0.015) improvement in understanding antibiotics and their clinical application (p = 0.001) compared to
Baseline ratings.

Conclusions: This intervention suggests that active learning, with regular incorporation of student feedback vis-à-
vis a PDSA cycle, was effective in achieving high student engagement in an Internal Medicine core clerkship session
on antibiotic therapy. Iterative interventions based on student feedback, such as providing an antibiotic reference
table and answer choices for each case, further improved student receptivity and perceived educational value. The
study findings have potential implications for medical education and suggest that the application of the PDSA
cycle can optimize active learning pedagogies and outcomes.
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Background
Active learning and continuous quality improvement are
critical strategies when designing and refining medical
school curricula [1, 2]. Active learning pedagogies
“change the teacher–student relationship to a learner–
learner relationship,” allowing learners to both engage in
and reflect upon the learning experience [1]. Active
learning modalities, including games, are known to in-
crease knowledge retention [3–5]. Medical educators,
both at our institution and nationwide, are deliberately
re-evaluating their curricula to incorporate active learn-
ing instructional methodology [1, 6]. In parallel, medical
educators also strive for continuous improvement of
educational sessions, including those using active learn-
ing [2]. Quality improvement paradigms, including the
Plan-Do-Study-Act (PDSA) cycle, are typically applied to
clinical or organizational realms, but may also be rele-
vant for informing a trajectory for improving the recep-
tivity and efficacy of an educational intervention [7]. The
Model for Improvement [8], which is the foundation for
the iterative PDSA approach, focuses on three core
questions: 1) What are we trying to accomplish, 2) How
will we know that a change is an improvement, and 3)
What change can we make that will result in
improvement?
Continuous quality improvement (CQI) in curriculum

development is recognized by the United States Liaison
Committee for Medical Education (Element 1.1) as a
critical standard in medical education [9]. However, the
methodical integration of improvement cycles such as
PDSA are often lacking in practice, largely due to the
high resource requirements of frequent programmatic
assessments and data review [10]. Despite the broad ap-
plication of PDSA cycles in quality improvement para-
digms, and the emphasis on CQI in curriculum
development, there remains a paucity of data regarding
the usefulness of applying the PDSA cycle to improve
medical education sessions [11, 12].
For this study, we chose to focus on improving educa-

tion concerning appropriate utilization of antibiotics -
an increasingly important topic in medical education,
particularly given the public health implications of anti-
biotic stewardship [13]. In an effort to enhance student
engagement and retention of core concepts in infectious
diseases, we developed and implemented an active learn-
ing session for medical students on the Internal Medi-
cine core clerkship. The session aimed to improve
student understanding of antibiotic mechanisms of ac-
tion, side effects, and appropriate utilization for com-
monly encountered infections. We then applied the
PDSA model and developed interventions to improve
subsequent sessions in an iterative fashion, based on
quantitative and qualitative feedback from participating
students.

In this paper, we describe the development and imple-
mentation of an active learning session for medical stu-
dents, focused on appropriate utilization of antibiotics.
We also describe how the PDSA cycle informed curricu-
lar improvement over time, as measured by student-
reported satisfaction and achievement of learning
outcomes.

Methods
Active learning innovation
Between February 2017 and July 2019, we developed and
implemented an active learning session for medical stu-
dents on the Internal Medicine clerkship at Baylor Col-
lege of Medicine. Sessions occurred once per clerkship
rotation and are part of the formal didactics for the
course; attendance is mandatory.
The learning objectives for our session, entitled “Anti-

biotic Therapy,” were for students to 1) differentiate the
major antibiotic classes including mechanism of action
and major side effects and 2) demonstrate knowledge of
appropriate antibiotic utilization for commonly encoun-
tered infections (such as urinary tract infections, pneu-
monia, skin / tissue infections). Two infectious disease
physicians [SR, RH] facilitated each offering of the ses-
sion, with each session having approximately forty med-
ical students in attendance.
The original instructional design for the session in-

cluded two components, both of which incorporated
gaming: 1) completion of an antibiotic chart and 2)
case-based learning. In the first segment, students re-
ceived an antibiotic chart, including drug classes and
examples, mechanism of action, spectrum of disease(s)
targeted by the antibiotic class, and side effects. The
chart was intentionally incomplete, however, and stu-
dents were encouraged to work in small groups (5–10
students) to fill in the blanks using online reference
materials. The first group to complete the chart re-
ceived candy, and then aided the faculty in presenting
key concepts to the other students through large
group discussion. A completed version of the chart is
available in Additional file 1.
In the second segment, the students reviewed seven

clinical cases to highlight common infectious conditions
and appropriate antibiotic utilization. The format for this
segment was modeled after an active learning demon-
stration at IDWeek 2016 [14]; however the cases and an-
swers were developed entirely by the faculty instructors.
Each case was read aloud, then students worked in small
groups (5–10 students) to list the relevant “bugs and
drugs” on an index card and then placed the card in a
paper bag. The first group to place a card in the bag
with the correct “bugs and drugs” was provided with
candy, and was asked to describe their answers and ra-
tionale to the rest of the students. The facilitators helped
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to highlight important teaching points or provide add-
itional commentary, including correcting any inaccur-
acies in the student presentations. The total time
allotted for the session – including both the antibiotic
chart completion and case discussions – was one hour.
If time did not permit discussion of all cases, students
received copies of the cases and correct answers follow-
ing the session. The cases, answers and facilitators guide
are available in Additional file 2.
Following each session, the faculty instructors

reviewed qualitative comments and ratings from a post-
session evaluation survey to inform modifications to fu-
ture sessions as appropriate based on student feedback.
Faculty reviewed all comments, and identified comments
that provided constructive feedback (i.e. recommended a
change to the session). The faculty prioritized imple-
mentation of recommended changes based on frequency
(such as if several students had similar recommenda-
tions) and feasibility. Once a change was implemented,
the evaluation data and student comments were re-
examined in order to assess how students perceived the
change. The process thus involved continuous improve-
ment, similar to a PDSA cycle model (Table 1). In
addition to session changes based on student feedback,

the faculty also periodically reviewed and updated the
material in the antibiotic chart based on the available
literature.

Post-session evaluation survey
Following each session, students completed a brief
evaluation which asked them to rate session quality (en-
joyment of the “active learning” format, appropriateness
of the content, and whether the lecture improved their
understanding of antibiotic utilization) using a five-point
Likert scale (1-strongly agree; 5-strongly disagree). The
evaluation also included an open response question for
“other comments or suggestions” to facilitate qualitative
feedback.
Likert items were analyzed through SPSS Version 26

(Armonk, NY) via descriptive statistics (count/percent-
age—“Strongly agree” and “Agree” statements were
summed to indicate “Satisfaction”) and nonparametric
group comparison tests (Kruskal-Wallis Test) were con-
ducted between the four intervention phases. The four
intervention phases were identified as Baseline (six ses-
sions between 02/17/17–02/23/18), Intervention 1 (two
sessions between 7/27/18–10/19/18), Intervention 2
(two sessions between 01/15/19–3/22/19), and

Table 1 ACT Phase of the PDSA framework: Session modifications based on student feedback

Phase Rationale Student Qualitative Feedback
Received During this Phase

Date of first
implementation

Baseline Phase: Provided students an
incomplete antibiotic chart to complete
during the session as a small group
activity. Also completed a small group
case activity on “bugs and drugs”
identification.

Engage students for the majority of
session time on active learning activities.

“I enjoyed the interactive nature of the
lecture; however, I think it was a little too
hectic to learn as much as I would have
liked.”
“The table filling part was basically only for
people who’d already done ID consult. I
want to learn those things, I just don’t
think that was a good use of our lecture
time.”
“Send out Abx chart before the lecture.”
“Only suggestion would be to move to a
classroom better for groups.”
“The bag thing could change, but was a
lot of fun.”

2/17/2017

Intervention 1: Provided students with pre-
populated antibiotic chart (including med-
ications, mechanisms, adverse effects, etc.)

Students did not like the antibiotic chart
completion activity and wanted more
time for case discussions

“I would use something other than [bag] to
submit answers. Other than that, good!”
“Thanks for putting together the chart-
super helpful.”

7/27/2018

Intervention 2: For the case-based learn-
ing, students could hold up their hands
once they had a list of “bugs and drugs”
for the case (rather than submit their an-
swers by placing a card into a paper bag)

Students indicated that submitting
answers using the paper bag was
impractical based on the layout of the
classroom (lecture hall with theater
seating)

“Would like to get answers. Chart very
helpful.”
“Put answer choices on same page as
vignettes.”

1/15/2019

Intervention 3: For the case-based learn-
ing, students were provided with a list of
possible answer choices following each
case (rather than providing a separate
packet with potential answer choices); this
minimized the need for students to con-
sult multiple resources during the session

Students requested better organization of
the materials used for the session (i.e.
combining the packet of cases with the
packet of answer choices)

“It was perfect! And very helpful. The only
thing is that I wish we have more time/
went faster.”
“Antibiotic chart is very helpful! Consider
sending digital version we can reference on
wards.”
“Really great review! I wish we had more
time. I learned new things as well.”
“Love the concise, helpful table at the end.”

5/17/2019
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Intervention 3 (two sessions between 05/17/19–07/26/
19). Follow up pairwise comparison tests further identi-
fied significant group differences with adjusted Bonfer-
roni corrections for multiple comparisons. Qualitative
data from the open response items were themed by each
of the four intervention phases; if any part of a respon-
dent’s comment had a constructive element, then it was
automatically categorized as a constructive comment. The
Institutional Review Board for Human Subject Research
for Baylor College of Medicine and Affiliated Hospitals ap-
proved our research protocol through expedited proce-
dures. An earlier version of this work has been published
online (https://www.sciencegate.app/keyword/197386).

Results
Quantitative data
The number of students within each phase varied (Base-
line, 6 sessions, n = 221; Intervention 1, 2 sessions, n =
94; Intervention 2, 2 sessions, n = 63; Intervention 3, 2
sessions, n = 62). Across all twelve sessions, 367 of 440
students (83.4% response rate) completed the post-
evaluation survey. Students’ level of agreement with the
three Likert-items varied across the four intervention
phases (Fig. 1). Nearly all students were satisfied or very

satisfied with the active learning format, appropriateness
of content-level for trainees, and improved understand-
ing of antibiotics and their appropriate clinical use after
Intervention 3, the last round of PDSA improvement ef-
forts. Enjoyment with the active learning format and
perceived improvement in understanding antibiotics and
their appropriate clinical application had at least one sig-
nificant difference between intervention phases (Table 2).
Intervention 3 resulted in more favorable ratings for the
active learning format, improvement in understanding
antibiotics, and their appropriate clinical application
compared to Baseline ratings (Table 2).

Qualitative data
When prompted with “Other comments or suggestions”,
228 respondents provided a text comment. There were
48 constructive comments during the Baseline phase
compared to 20 during Intervention 1, 11 during Inter-
vention 2, and 5 during Intervention 3. We analyzed
general themes through coding efforts; multiple themes
within a single comment were broken out. The most fre-
quent constructive themes at Baseline were (1) students
did not enjoy the charting activity (2) the session was
too fast paced and (3) students wanted to cover more
content and/or more cases during the session. The most

Fig. 1 Students’ Level of Satisfaction with Antibiotics Session. Note: Fig. 1 reflects the percentage of students who strongly agreed or agreed
(SA/A) with each statement across the four intervention phases. Statistical comparisons across intervention phases can be found in Table 2.
Across all twelve sessions (sample size n=367): 96% (n=354) of students SA/A that they enjoyed the “active learning” format of this presentation;
97% (n=356) of students SA/A that the content was appropriate for their level of training; 96% (n=352) of students SA/A that the lecture
improved their understanding of antibiotics and their appropriate clinical use
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frequent constructive themes at Intervention 1 were (1)
the lecture needed to be longer (2) desire for more
groups with fewer members, while Intervention 2’s con-
structive themes were (1) better content organization (2)
desire for more groups with fewer members, and (3)
more time allocated to group discussion. At Intervention
3, the only constructive theme was that the session
needed to be longer: “I wish the session was longer so we
could cover all the cases” and “It was perfect! And very
helpful. The only thing is that I wish we have more time/
went faster.”

Discussion
We developed and implemented an active learning ses-
sion for Internal Medicine clerkship students on anti-
biotic utilization, with deliberate incorporation of
student feedback to modify future sessions. In our study,
the use of a PDSA cycle, with iterative modifications
based on qualitative student feedback, led to more favor-
able student ratings in terms of the session format, self-
assessed understanding of antibiotics, and their appro-
priate clinical application. Narrative comments also im-
proved with associated changes in the constructive
themes. Even at baseline, student satisfaction with the
“active learning” format of the presentation was high
(97% of respondents were strongly agreed or agreed that
they enjoyed the “active learning” format of the session).
Our findings are consistent with the growing literature
on gaming in medical education, which suggests high
levels of enjoyment and engagement [15], particularly
for sessions designed to include opportunities for ac-
complishment, discovery and bonding [5]– all of which
were incorporated into the instructional design for this
session.
Despite the high baseline satisfaction, we introduced

intentional modifications to the session format based on
student feedback. We removed the first part of the ses-
sion (student completion of an antibiotic chart) in order
to have more time for the clinical case discussions,
altered the means by which groups could submit their
answers (raising their hands rather than placing index

cards in a paper bag), and improved organization of the
handouts. Following each intervention, student evalua-
tions provided evidence whether interventions improved
the sessions and to identify additional areas for improve-
ment. Of note, Intervention 1 was purposefully imple-
mented after six sessions of observation. Considering
this was a novel educational session, we felt it was im-
portant to ensure robust baseline analysis in the “Study”
phase before reengaging in the “Act” phase of the PDSA
cycle.
The quantitative data showed statistically significant

improvements over time for both learner enjoyment of
the session format (baseline vs. Intervention 3; p =
0.043), and learner-rated understanding of antibiotics
and their appropriate clinical use (baseline vs. Interven-
tion 3; p = 0.012). Moreover, the content of the qualita-
tive comments evolved over time, such that the only
constructive theme identified in the final phase was a re-
quest for the session to be longer. Both the quantitative
and qualitative data suggest that the iterative modifica-
tions, driven by student feedback, were successful in ad-
dressing student concerns and improving the quality and
impact of the session.
Of note, the quantitative data did show a decline

during the Intervention 2 phase; data during this
phase represents a cohort of students who were on
their first clinical rotation, and may thus have felt less
comfortable with the session format and content as
compared to students who are further along in their
clinical training. For example, one student commen-
ted, “Some of the content was a little above my level
of training; however this could be b/c of my lacking in
understanding.” Alternatively, the decline during the
Intervention 2 phase may belie limitations in the reli-
ance on self-report as part of the applied PDSA
framework. Correlation with objective measures of
knowledge acquisition would be useful in parallel, but
such data was not part of the study design. Interest-
ingly, the qualitative data from the Intervention 2
group indicated a high level of satisfaction and
reflected the successful incorporation of the previous

Table 2 Pairwise Comparisons for Intervention Phases

Evaluation Item Kruskal-Wallis
Test Statistic

Significant Pairwise Comparisons

I enjoyed the “active learning” format of this presentation. H (3)= 10.52, p =
0.015

Intervention 3 (Mean Rank = 160) vs. Baseline (Mean
Rank = 196) (p = 0.043)

The content covered was appropriate for my level of training. H (3)= 3.44, p =
0.328

–

This lecture improved my understanding of antibiotics and their
appropriate clinical use.

H (3)=15.98, p =
0.001

Intervention 1 (Mean Rank = 170) vs. Baseline (Mean
Rank = 200) (p = 0.038)
Intervention 3 (Mean Rank = 158) vs. Baseline (Mean
Rank = 200) (p = 0.012)

Note: Pairwise comparisons corrected for multiple comparisons. We only included significant pairwise comparisons. Lower mean ranks indicate higher agreement
on item
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session improvements. As one student commented:
“Thanks for putting together the chart- super helpful”
– directly reflecting the impact of Intervention 1 (re-
moval of the chart completion exercise).
Not all suggested modifications to the sessions were

feasible for implementation. For example, several student
comments centered on the time allotted for the session,
requesting more time for case discussions; however, the
instructors were not able to lengthen the session time al-
lotted due to the limitations of the Internal Medicine
clerkship didactic structure. Overall, the strengths of this
study include the high response rate and multimodal
data collection (quantitative and qualitative), which
allowed the faculty to implement and assess the impact
of iterative changes to the session format based on
student feedback.
Some study limitations include that each student par-

ticipated in the session once (as part of the Internal
Medicine clerkship), therefore the evaluation data re-
flects different cohorts of students. Thus, the change in
results over time may be due to respondent variability
rather than based on interventions. Additionally, the sur-
vey asked students to rate their enjoyment of the “active
learning” format, though there were modifications to the
format over time, resulting from the implementation of
constructive feedback. For example, at Baseline, students
were actively completing the antibiotic table, but this
was later provided as a pre-populated resource. Such
changes may have impacted student perceptions. Finally,
assessment of the impact of the session in achieving the
learning objectives relied on learner self-ratings, rather
than an independent knowledge assessment. Notably,
data from the Internal Medicine National Board of Med-
ical Examiners assessment – an objective assessment
taken by all students on the core Internal Medicine
clerkship at our institution - showed improvement in
student performance between 2017 and 2019 in the area
of “Health Maintenance, Pharmacotherapy, Intervention
& Management” (mean performance increased from 0.2
to 0.5 above the SD for the national comparator cohort);
however, this is a very indirect measurement of learning
outcomes and cannot be attributed to a single active
learning session on antibiotic utilization.
Future directions for this work may include the in-

corporation of additional sources of data, such as a stan-
dardized assessment of knowledge and application of
core concepts in antibiotic utilization, and expanding the
time for the session as suggested by learners in multiple
phases of the study.

Conclusions
The PDSA cycle, well established in the quality improve-
ment literature, appears relevant for medical education
and curricular improvement efforts. Systematic use of

student feedback to drive iterative instructional modifi-
cations, with subsequent analysis of the impact of each
intervention, appears advantageous for improving stu-
dent receptivity and perceived educational value of an
active learning session. The concept of continuous qual-
ity improvement, or CQI, is often employed only at the
level of programmatic assessments; however, our find-
ings suggest there is value in using “CQI” practices to
drive curricular improvement at the level of an individ-
ual didactic session. We successfully demonstrated the
application of the PDSA cycle for purposeful improve-
ment of a specific educational session on antibiotic ther-
apeutics. Given the increasing importance of training in
antibiotic stewardship for medical trainees, the study
findings have potential implications for medical educa-
tion, and suggest that the use of active learning, com-
bined with regular incorporation of student feedback via
a PDSA cycle, are useful tools for curriculum develop in
antibiotic stewardship.
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