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ORIGINAL RESEARCH

Using Modified Team-Based Learning to Teach Antimicrobial
Stewardship to Medical Students: One Institution’s Approach
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Abstract
Educational interventions are a critical feature of antimicrobial stewardship programs. Most of these interventions target prac-
ticing physicians whose prescribing habits are usually difficult to influence. Consequently, there has been increasing interest in
familiarizing early learners with the principles of antimicrobial stewardship. However, there is limited data regarding the utility of
active learning interventions, such as team-based learning (TBL), for this purpose. In this article, we report the results of a post-
course survey eliciting the opinions of the 168 second year medical students who completed the first implementation of a
modified TBL course on antimicrobial stewardship. The course consisted of two 120-min modules, each of which guided
participant students through most of the characteristic stages of TBL. The post-course survey was analyzed using qualitative
and quantitative methodologies. In general, students found the readiness assurance testing, application activity, and team dy-
namics of TBL effective and the webcasts, used for pre-class preparation, ineffective. This study offers a first glimpse into the
attitudes of pre-clinical medical students toward TBL as a strategy for introducing antimicrobial stewardship. It can serve as a
roadmap for educators contemplating the implementation of a similar program at their institution and as a launching pad for
research on the effects of this type of intervention on physician prescribing habits.

Keywords Team-based learning . Antimicrobial stewardship

Introduction

Educational interventions are critical for strengthening antimi-
crobial stewardship programs [1]. Traditionally, these inter-
ventions have targeted practicing physicians in order to influ-
ence their prescribing habits. However, effecting behavioral
change among experienced physicians is a difficult enterprise
[2, 3]. There is increasing interest in introducing antimicrobial
stewardship early in medical training, but few studies have
analyzed which pedagogies are best suited for doing so [3].
Specifically, there is a dearth of data on the efficacy of active
learning interventions to teach antimicrobial stewardship.

Team-based learning (TBL) is an active learning strategy that
gives students the opportunity to apply independently learned
concepts through a series of small group activities designed to
foster accountability, critical thinking, and teamwork. Team-
based learning has been used widely to train students in the
health sciences [4–6]. We designed and implemented an anti-
microbial stewardship course for second year medical stu-
dents consisting of two modified TBL modules. In this article,
we report the results of the post-course survey eliciting the
opinions of the learners who completed the first implementa-
tion of this course.

Methods

Setting and Participants

The setting for this intervention was the David Geffen School
of Medicine at the University of California in Los Angeles
(UCLA), a 4-year, non-profit, public medical school located
in a major metropolitan area. We included a convenience sam-
ple of 168 second year medical students from the graduating
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class of 2020 enrolled in the required microbiology and anti-
microbial pharmacology course between August and
September of 2017. Fifty-three percent of the students in this
class are female and 76% are residents of the state of
California [7]. The course is taught primarily through a com-
bination of traditional lectures, problem-based learning (PBL)
modules, and “hands-on” clinical activities. Prior to our inter-
vention, antimicrobial stewardship had just been introduced to
the curriculum in the previous year. In addition, webcasts and
TBL had only been used on one occasion each before our
intervention: the webcasts were used as part of three
question-and-answer sessions regarding antimicrobial stew-
ardship for students in the graduating class of 2019 and TBL
had been used as an activity in a different discipline for stu-
dents in the graduating class of 2020.

Intervention

The antimicrobial stewardship course consisted of two 120-
min modules, each of which guided the entire class in ran-
domly selected groups of six to eight students through most of
the characteristic phases of TBL (Fig. 1). Pre-class preparation
consisted of assigned readings, traditional lectures on micro-
biology, and nine newly developed webcasts on antimicrobial
pharmacology. The webcasts lasted up to 30 min and were
narrated by a multidisciplinary team of infectious disease phy-
sicians and pharmacists. The first two webcasts introduced
basic principles of antimicrobial pharmacology and optimiza-
tion including bioavailability, distribution, minimum inhibito-
ry concentration, and pharmacokinetic-pharmacodynamic re-
lationships. The remaining seven webcasts detailed the mech-
anism, spectrum of activity, and adverse effects of different
antibiotic classes. The webcasts were assigned at the start of
the course, and students had protected time to complete them
at home. In-class individual and team readiness assurance
testing (IRAT and TRAT, respectively) consisted of a ten-
question multiple-choice quiz which students completed indi-
vidually, and then again in their randomly assigned groups.
The first module used paper-based Immediate Assessment

Feedback Technique cards for the two assessments. The sec-
ond module used the Inte-Dashboard™ software platform to
administer and monitor the readiness assurance testing.
Students had 15 min to complete the IRAT and 25 min to
complete the TRAT. The answers to the ten-question multi-
ple-choice quiz were discussed after the TRAT. Lastly, for the
application activity, students were guided through a real-life
clinical scenario punctuated by a series of multiple-choice
questions, which mirrored real clinical conundrums and fre-
quently had multiple correct answers. Groups of students had
to simultaneously reveal the answer to each of the questions
and were encouraged to defend their answers and ask clarify-
ing questions of the supervising faculty (Fig. 1). Our interven-
tion did not include peer evaluation due to the 120-min per
module time limit.

Post-Course Survey

After completing the entire microbiology and antimicrobial
pharmacology course, students were asked to answer an anon-
ymous 16-question online perception survey. The survey was a
modified version of the standard post-course that included
questions pertaining specifically to the TBL modules. It
contained 12 Likert-scale questions, two multiple-choice ques-
tions, and two short-answer questions eliciting what students
liked and disliked about TBL as a strategy to teach antimicro-
bial stewardship (Fig. 2). Responses to the Likert-scale and
multiple-choice questions were analyzed using descriptive sta-
tistics. The short-answer responses were analyzed using con-
ventional content analysis. Responses were read independently
by two of the authors (TV and LT) to identify underlying
themes. The authors then created response categories based
on these underlying themes. Each individual student’s response
was allocated to one or more categories depending on the num-
ber of underlying themes that emerged from it [8]. The authors
communicated regularly to resolve disagreements and reach
consensus regarding the nature of the underlying themes and
their allocation to the response categories [9]. The UCLA insti-
tutional review board exempted this study.

Fig. 1 Structure of an antimicrobial stewardship team-based learning module
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Results

Student responses are presented according to the four stages of
TBL (Fig. 1), team dynamics, and overall effectiveness of
TBL to teach antimicrobial stewardship. Students’ consolidat-
ed perceptions on both qualitative and quantitative compo-
nents of the survey are highlighted within each of these
sections.

Participation in the Post-Course Survey

One hundred and sixty-seven (99.4%) of the students
who completed the course responded to the Likert-
scale and multiple-choice questions. Responses to the
two short-answer questions were variable: on the first
question pertaining to reasons for liking TBL, 66
(39.3%) students responded, with 54 (32.1%) providing
67 categorizable units. Seven (4.2%) students erroneous-
ly answered the second short-answer question instead
and five (3%) provided no response. On the second
question pertaining to reasons for disliking TBL,
91(54.2%) students responded (including the seven stu-
dents who had answered the first question erroneously),
with 88 (52.4%) providing 133 categorizable units and
three (1.8%) providing no response.

Pre-Class Preparation

Regarding the efficacy of the webcasts for advance prepara-
tion, 76/163 (47%) students found the length of the webcasts
to be appropriate (Fig. 2a). However, 68/159 students (42.8%)
reported that the webcasts did not help them prepare for the in-
class TBL sessions. Furthermore, 61/162 students (50%) re-
ported a preference for the pacing of live lectures over
webcasts. Twenty-one short-answer responses were support-
ive of this finding, noting that webcasts were not as interactive
or structured as a live lecture.

Readiness Assurance Testing (IRAT and TRAT)

Sixty-seven of 161 students (41.6%) agreed or strongly agreed
that the IRAT helped them identify gaps in their understand-
ing. Furthermore, 76 of 162 students (46.9%) agreed or
strongly agreed that the TRAT allowed them to correct their
misperceptions and improve their understanding of certain
concepts (Fig. 2a).

Application Activity

In probing one of the most sought-after attributes of TBL,
critical thinking, most participants (94/161, 58.4%) agreed

a

b

Fig. 2 a Results of Likert-scale
questions. b Results of multiple-
choice question; TBL team-based
learning; N number of responses.
For Likert-scale questions: 1
Strongly disagree; 2 Disagree; 3
Neither agree nor disagree; 4
Agree; 5 strongly agree. For
multiple-choice questions: LAL
leave all lectures as traditional
lectures; RST replace some tradi-
tional lectures with TBLmodules;
RAT replace all traditional lec-
tures with TBL modules; NPB no
preference between traditional
lectures and TBL modules
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or strongly agreed that the case discussions made them think
critically. In addition, most students (109/164, 66.5%) agreed
or strongly agreed that they participated actively in the case
discussions (Fig. 2a). Twelve students indicated that the appli-
cation activity allowed them to apply learned material to real-
life scenarios, and seven felt that it allowed them to consoli-
date their understanding of the material (Table 1).

Team Dynamics

The majority of students (89/162, 54.9%) agreed or strongly
agreed that working in a team enriched their learning (Fig. 2a).
Thirty-four students appreciated the opportunity to discuss

concepts with their peers. However, 15 learners felt that their
peers did not appear interested in, or prepared for, the in-class
sessions. Three students reported anxiety about interacting
with peers outside of their usual social circle (Table 1).

Efficacy of TBL as a Strategy to Teach Antimicrobial
Stewardship

Sixty participants (37.3%) agreed or strongly agreed that the
TBL sessions allowed them to apply the information that they
had learned in lectures, while 66 (41%) disagreed or strongly
disagreed with this finding. Student perceptions on the effec-
tiveness of TBL as a strategy for teaching antimicrobial

Table 1 Conventional content analysis of post-course survey short-answer responses. PBL problem-based learning; TBL team-based learning

TBL
component

Response category Sample response Number of
short-answer
responses

Pre-class
preparation
(webcasts)

Disliked that webcasts were not as interactive as live
lectures or PBL/preferred more structured
pre-class didactics

“Students [cannot] learn drugs by reviewing podcasts in which
[they] cannot ask clarifying questions and the entire process
is inherently a passive learning experience.”

21

Liked that pre-class assignments increased account-
ability and engagement

“The required prep work made me put in more study time than
I would for a normal lecture.”

3

Liked that webcasts were more efficient than
lectures/granted the ability to self-pace

“The podcasts were good in the sense that information was
delivered very efficiently and concisely.”

2

Application
activity

Liked opportunity to apply learned material to a
real-life scenario

“I could appreciate that the discussions we were having are the
kind of discussions that occur every day in the hospital for
patient care and antimicrobial stewardship. This required
critically (sic) thinking and it was refreshing.”

12

Liked opportunity to consolidate understanding of
material

“The cases were really helpful and did help solidify a lot of the
information that was presented to us.”

7

Team dynamics Liked opportunity to discuss concepts with peers “I liked being able to discuss the answer choices with my
group and reasoning through why each answer was wrong
or right.”

34

Disliked that some peers did not appear prepared or
interested

“It’s hard to make sure everyone is on the same page… despite
trying to prepare thoroughly beforehand, there was still a
knowledge gap among the members of the group.”

15

Disliked that class/group size felt too large “Having the entire class of 180 people in the big room gets a
bit out of hand. It’s hard to focus and to feel like we are
having constructive conversations in such a distracting
environment.”

13

Disliked feeling anxious about working with peers
outside usual social circle

“Being placed in a group with other students we either do not
know or know of and do not prefer to associate with
completely ruins the experience.”

3

General
effectiveness
of TBL

Disliked insufficient “knowledge
scaffolding”/Questions appeared to be beyond the
level of a second year medical student class

“Many of us are learning these drugs for the first time and we
need to build a strong foundation before we can apply what
we know.”

29

Disliked the overwhelming breadth and depth of the
material

“Antimicrobials are very difficult to learn/understand. There is
not just one antibiotic per bug. Instead there are numerous
drugs that can be used and a spectrum that the drugs cover.”

20

Liked that the TBLmodule granted the opportunity to
identify important concepts and gaps in
understanding

“It gave me an opportunity to solidify information with my
classmates and compare information we each deemed as
salient.”

9

Other Disliked that the pacing of the module felt too slow “The use of time during the session could have been more
efficient.”

14

Disliked the delays due to technical difficulties “A large portion of the time was spent dealing with technical
issues”

4

Disliked that the module was too early in the course
of the day

“Asking students to think critically and to take a quiz at 8 am is
asking quite a lot.”

1
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stewardship were mixed: 56 (33.9%) agreed or strongly
agreed that TBL was an effective strategy for teaching antimi-
crobial stewardship, 39 (23.5%) neither agreed nor disagreed,
and 70 (42.4%) either disagreed or strongly disagreed.
However, approximately half of the participants (85/167,
51%) indicated that they preferred to leave all lectures as tra-
ditional lectures rather than replacing some (73/167, 44%) or
all (1/167, 1%) of them with TBL modules (Fig. 2b). Twenty-
nine students mentioned that a lack of “knowledge scaffold-
ing” contributed to their dislike of the course, stating that the
difficulty of the questions was beyond their level of training.
Similarly, 20 participants reported that the breadth and depth
of course material was overwhelming. However, nine students
reiterated that the TBL course allowed them to identify gaps in
their understanding (Table 1).

Discussion

The value of TBL as a strategy to boost student participation
and academic performance has been shown repeatedly across
a variety of settings [4, 10, 11]. In this study, we sought to
investigate the perceptions of second year medical students
regarding the use of TBL as a strategy for teaching antimicro-
bial stewardship early in their training. Our study did not
establish uniformly positive perceptions regarding the use of
this iteration of TBL for this purpose. Nonetheless, the use of
quantitative and qualitative methodologies to thoroughly
probe student responses unfurled a nuanced picture of the
strengths and limitations of the use of this much advocated,
active learning intervention in this setting. The data analysis
showed that a modest majority of students found the readiness
assurance testing, application activity, and team dynamics to
be effective. The only component that students consistently
found to be lacking in usefulness was the webcasts. Finally,
students were widely dispersed on the overall effectiveness of
this version of TBL to teach antimicrobial stewardship,
reflecting the heterogeneity and ambiguity of their beliefs.

Decisions regarding antimicrobial selection and subse-
quent de-escalation require not only an understanding of mi-
crobiology and antimicrobial pharmacology but also the abil-
ity to critically appraise a range of therapeutic options while
considering the pros and cons of each option. Additionally,
students need to understand and embrace the complexity of
these scenarios, in which there are often multiple “right” an-
swers. This can be a challenging task for early learners accus-
tomed to standardized testing, in which questions usually have
only one correct answer. In TBL, readiness assurance testing
is designed to solidify a student’s knowledge of core concepts,
whereas the application activity is an opportunity to critically
analyze and apply these concepts to a real-life scenario in a
way that goes beyond simply reciting the information [4, 10,
11]. So, it is encouraging that, in general, our students rated

these aspects of TBL favorably, agreeing that they contributed
to their learning (Fig. 2a). The short-answer responses regard-
ing these portions of TBLwere also favorable (Table 1). There
are very few studies that analyze medical student perceptions
of each individual phase of TBL. In a qualitative study of
fourth year medical students learning pharmacology, a “few”
learners found the readiness assurance questions “inappropri-
ate,” and several disliked portions of the application activity.
However, several environmental factors may have affected
these attitudes [12].

The favorable perception of the team dynamics of TBL in
our study is consistent with previous studies [6, 13]. For the
pertinent Likert-scale question, most students either agreed or
strongly agreed that the group environment enriched their
learning (Fig. 2a). Further, “enjoyed the opportunity to discuss
concepts with peers” was the most common short-answer re-
sponse category (34/200, 17%). However, there appears to be
room for improvement. Some learners felt that not all their
peers prepared equally for the in-class activities. This may
be partly because the teams were assigned randomly and
changed from the first to the second module. In its ideal im-
plementation, TBL teams should be static and balanced in
terms of academic strength, background (cultural, profession-
al, etc.), and inclination to participate [14]. In addition, most of
our students had limited experience with TBL before our
course. In a meta-analysis of TBL use in health profession
education, Reimschisel et al. found that several iterations of
TBL are typically needed for learners to accept it as a viable
learning strategy [6]. More recently, Chen et al. found a sim-
ilar pattern in a meta-analysis of perceptions of TBL among
medical students in China [15].

On a similar vein, webcasts were a relatively new addition
to our curriculum at the time of this course’s implementation.
As a teaching tool, webcasts have been found to be as effec-
tive as, if not more than, traditional lectures [16]; however,
learners are not always satisfied with them. In a randomized
study of third year medical students learning otolaryngology
concepts either through webcasts or traditional lectures, the
students in the webcast group outperformed the students in
the traditional lecture group [17]. In that same study, however,
37% of students in the webcast group felt that they could not
get their questions answered in a timely manner, and 45%
rejected the idea of replacing most traditional lectures with
webcasts. In our case, students indicated that they may have
responded more favorably to webcasts with more structure
and more interactive material, such as case-based questions.
Student ratings also increase if the material in the pre-class
assignment leads directly into the IRAT and TRAT [4].

Student opinions regarding the general efficacy of this iter-
ation of TBL as a strategy to teach antimicrobial stewardship
were split. Most responses to the Likert-scale questions related
to this topic fell in the disagree, neither agree or disagree, and
agree categories (Fig. 2b). Students were also divided
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regarding the future role of TBL in the curriculum. Eighty-five
(51%) preferred no TBL at all, and 73 (43.7%) felt that some
of the traditional lectures and PBL modules could be replaced
with TBL modules. However, the short-answer responses in-
dicated a less favorable opinion. Forty-nine students indicated
that the material itself or the way the material was delivered
was overwhelming and that the cases were too difficult for
their level of training (Table 1). In and of itself, the material
covered in the modules has been taught for many years
through traditional lectures. So, as previously stated, the par-
ticipants’ dissatisfaction with our antimicrobial stewardship
modules may have largely stemmed from their lack of famil-
iarity with TBL and webcasts. In addition, the concept of
“knowledge scaffolding” was brought up by some of the re-
spondents. This idea of gradually increasing a learner’s under-
standing of a subject is not widely discussed in the TBL or
antimicrobial stewardship literature. However, it is a known
necessity for courses employing active learning interventions
as it compensates for the limitations of working memory that
may prevent learners from retaining newly learned concepts
[18]. Indeed, scaffolding is felt to be a key part in instructional
learning and PBL based courses [19].

There are several limitations to this study. It is important
to note that our modules did not use “classic” TBL but
rather a modified version of it. This is not uncommon but
important to note [10]. First, our TBL orientation was very
brief, and not all students attended. Second, students were
randomly assigned to teams, and the composition of each
team changed between modules. Third, we did not use peer
evaluation due to time constraints. In addition, parts of our
survey may have been limited by selection bias as students
with strong opinions may have been more likely to respond
to the short-answer questions. Furthermore, the 12 students
who did not attend the initial sessions and instead attended
replacement sessions with significantly improved
instructor-to-student ratios consistently rated TBL more
favorably. Many of the responses contributing to the
learners’ perception of TBL focused on factors that may
not be specific to TBL (i.e., technical difficulties, course
too early in the day). Our approach to conventional content
analysis was also prone to personal bias as disagreements
in underlying theme identification and categorization were
settled through consensus rather than randomization [9].
Finally, the focus of this study on a single class of students
at a single medical school limits its generalizability.

Future iterations of these antimicrobial stewardship mod-
ules can meet the need for increased scaffolding by adding
case-based questions to the webcasts. In addition, situating
the modules later in the course may increase the participants’
preparation for the course. Increased participation can be ac-
complished by balancing groups based on academic perfor-
mance, demographic characteristics, and participation in pre-
vious courses. Adding a peer evaluation component to the

course is also likely to increase participation in addition to
accountability.

Despite its limitations, this study offers a first glimpse into
the attitudes of pre-clinical medical students toward TBL as a
strategy for learning the basic principles of antimicrobial stew-
ardship. Therefore, it can serve as a roadmap for educators
contemplating the implementation of a similar program at
their institution and as a launching pad for research on the
effects of this type of intervention on physician prescribing
habits.
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