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Abstract

facilitating and evaluating TBL at a large medical school.

Team-based learning (TBL) provides an active, structured form of small group leaming, that can be applied to large
classes. Student accountability is achieved through the specific steps of TBL, including pre-class preparation, readiness
assurance testing, problem-solving activities, and immediate feedback. Globally, a growing number of healthcare
faculties have adopted TBL in a variety of combinations, across diverse settings and content areas. This paper provides
a succinct overview of TBL and guidance for teachers towards successful design and implementation of TBL within
health professional education. It also offers guidance for students participating in TBL. The paper is informed by both
educational theory, and the extensive, seven year experience of the first and last authors in designing, implementing,
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Background

Team-based learning (TBL) is defined as “an active learn-
ing and small group instructional strategy that provides
students with opportunities to apply conceptual knowledge
through a sequence of activities that includes individual
work, team work, and immediate feedback” [1]. TBL was
originally designed by Professor Larry Michaelsen during
the 1980s, in the United States of America, for use in busi-
ness schools. Michaelsen developed TBL in response to
increasing class sizes, and his concern about the effective-
ness of learning from lectures to large groups [2]. TBL
provided the opportunity to continue teaching in a man-
ner that was engaging, catered for large numbers of stu-
dents, provided immediate feedback, involved students in
decision making, and promoted active small group and
class discussions [2]. TBL goes beyond the simple transfer
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of content, to the application of knowledge through con-
ceptual and procedural problem solving [3]. In recent
years, TBL has gained popularity in medical and health-
care education as a resource efficient, student-centred
teaching pedagogy, sometimes introduced as an alterna-
tive to Problem based learning (PBL). In comparison to
PBL, TBL maintains the advantages of small group teach-
ing and learning, but importantly, without the need for
large numbers of tutors. Globally, a growing number of
healthcare faculties have adopted TBL in a variety of com-
binations, across diverse settings and content areas [2].
Because of the many variations in the way that TBL is de-
livered within health professional education, Haidet and
colleagues (2012) developed a standardised framework [4].
The aim of this paper is to provide a succinct overview of
TBL, and guidance for teachers towards successful design
and implementation of TBL within health professional
education. It also offers guidance for students participating
in TBL. The paper is informed by both educational theory,
and the extensive, seven year experience of the first and
last authors in designing, implementing, facilitating and
evaluating TBL at a large medical school.
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What is team-based learning?

TBL provides an innovative approach to student-centred
learning, supporting the flipped classroom method of
healthcare education [5]. The in-class TBL activities
offer an interactive, expert led teaching session that al-
lows a large number of students to work within small
teams to apply content to specific problems [6]. The
structured format of TBL is illustrated in Fig. 1. This se-
quenced format provides opportunities to apply and
build on conceptual knowledge through a series of steps
involving preparation, readiness assurance testing, feed-
back and the application of knowledge through clinical
problem solving activities [2]. An example of this format
as applied to TBL at the University of Sydney School of
Medicine is provided in Table 1. Through these steps,
students are encouraged to self-learn, analyse, communi-
cate, collaborate, speculate, reason, and problem-solve in
small teams [2, 6].

Why do we use TBL?

“The primary learning objective in TBL is to go beyond
simply covering content and focus on ensuring that stu-
dents have the opportunity to practice using course con-
cepts to solve problems” [3]. Research supports the use of
TBL, with evidence indicating positive outcomes for
students [2, 7-16]. Recent systematic reviews provide
evidence of positive outcomes in terms of student ex-
perience and academic achievement, particularly when
compared to traditional lectures [5, 12, 13]. The inter-
active nature of TBL encourages healthcare students to
develop their communication and collaboration skills,
providing a valuable learning experience [10]. The effi-
cient design of TBL addresses resource challenges faced
by many higher education institutes. One major benefit
of TBL is allowing large numbers of students to experi-
ence small group learning, with a small number of ex-
pert facilitators [5]. Additionally, students are motivated
to complete the pre-reading assigned, as they are held
accountable through the readiness assurance testing
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component of this model [5], resulting in less content
being required to be covered during class (‘flipped class-
roomny’). Further, more in class time is allocated to prob-
lem solving and critical thinking, promoting greater
understanding and retention of knowledge [10].

Key components of TBL
There are four key components of TBL [2, 10, 17],
(Fig. 2), including:

1) Carefully formed and managed teams

Students should be assigned to teams using a transpar-
ent process to ensure there are no pre-existing friend-
ship groups-based teams, and to ensure each team has a
diverse mix of students (eg. background knowledge, gen-
der mix, education, training) [17]. Although random al-
location methods are likely to prevent self-forming
groups of friends, such methods may not adequately
achieve the required diversity of learner characteristics
within each team [3]. Guidelines recommend that stu-
dent teams “stay together for as long as possible” [1], to
enhance team dynamics, trust and diversity of resources
within the group, continuity of learning and cohesive-
ness of teams.

2) Frequent and timely feedback

Feedback is provided to students through the IRAT and
TRAT process when answers are discussed immediately
after completion of the TRAT, with clarification pro-
vided by the facilitators. This immediate feedback is in-
herent to the TBL process, ensuring that students are
provided with an understanding of their level of content
knowledge. Facilitators identify gaps in student under-
standing, challenging students through follow up ques-
tions (rather than lecturing), fostering critical thinking.
Feedback is key to knowledge acquisition, retention, and
influences team development [3, 18].

1. 2. 3.

Pre-class Individual Team
preparation Readiness Readiness
Assurance Assurance
Test (IRAT) Test (TRAT)

.
L
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Fig. 1 Steps in Team-based learning
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Table 1 Steps of Team-based learning at Sydney Medical School (each TBL class is 2.5 h), with examples from a patient case based
on Chronic obstructive pulmonary disease (COPD)

Pre-class preparation

(1-2 hours)

Individual readiness
assurance test (IRAT)

(10 minutes)

d
~
14
Team readiness assurance

test (TRAT)

(15 minutes)

Immediate feedback and

clarification

(25 minutes)

Clinical problem-solving
activities

(95 minutes)

Close

(5 minutes)

This includes pre-reading or viewing pre-recorded lectures online (usually 1 to 2
hours of preparation is required), and normally made accessible to students one
week prior to the TBL session. The material provides students with the relevant
background knowledge needed to successfully participate in the TBL session.
Preparation instructions for COPD TBL: read the following [7]

Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global Strategy for the Diagnosis,
Management, and Prevention of Chronic Obstructive Lung Disease 2017 Report:
GOLD Executive Summary. Eur Respir J 2017; 49: 1700214
https://doi.org/10.1183/13993003.00214-2017].

The IRAT is essential in motivating students to prepare before class [1]. The test
consists of 10 multiple choice questions, each with five options and one single
best answer [8]. Students have 10 minutes to complete the IRAT individually
online before class. Students do not immediately know what responses they had

correct or incorrect in the IRAT.

Using the same questions as the IRAT, the TRAT is taken by students
in class with their team members. Teams have 15 minutes to complete
the TRAT. Students discuss the questions and their responses to

arrive at a consensus on each answer as a team.

Using pre-prepared PowerPoint slides, the facilitators provide immediate
feedback on team responses. IRAT and TRAT results are used to guide the depth
of feedback for each question. Facilitators have the opportunity to offer
clarification, with particular reference to areas where teams had difficulty or

disagreements on their responses.

The problem-solving activities allow students to practice making decisions and
judgements they would make in the workplace [3]. An appropriate clinical case,
with authentic questions, based on the topic of the TBL session, is provided to
the class for in-depth discussion in student teams. All teams work on the same
problems at the same time. This allows the entire class to participate in
discussion. Student groups are encouraged to work together to problem-solve
and support their responses with effective clinical reasoning. Each team is
expected to contribute to class discussion, and respond to questions from

facilitators.

COPD example: A ‘trigger’ is provided, with a patient case of a presentation of
shortness of breath, and inclusion of major symptoms. This is followed by five
problem solving activities. For example, “Draw a diagram of the respiratory
tract, labelling the likely anatomical site(s) of disease responsible for the patient’s

current symptoms”.

Facilitators are provided with the opportunity to reflect on student learning
during the TBL session, clarify any misunderstandings, and question students [6].
Summarising three key take-home messages, or asking each team for one take-

home message provides a meaningful way to close the session.
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3) Problem-solving

During the clinical problem-solving activities, teams are
required to use their collective knowledge, clinical rea-
soning, ethical views, skills and values to solve complex
clinical problems that apply to real life situations [4, 8].
Participation in the problem-solving activities encour-
ages learning and team development through the use of
challenging cases. Haidet et al. (2012) recommend that
the “four S’s” of problem solving in TBL should always
be applied: significant problem, same problem, specific
choice, and simultaneous reporting [4]. However, recent
literature suggests that the use of “specific choice” (ie
Single Best Answer), within health professional TBLs
may restrict the potential for students’ discussion and
critical thinking [2, 19, 20]. Michaelsen & Richards
(2005) have previously highlighted that TBL design
within health education may be constrained by a number
of predetermined contextual specific elements [17].

4) Student peer evaluation

It has been recommended that as part of the peer evalu-
ation process in TBL, students contribute to the grades
of other students through provision of quantitative and
qualitative feedback to their respective team members
[1, 3, 4, 21]. However, it should be noted that peer evalu-
ation may not always provide a meaningful or reliable
measure of students’ professional behaviour [22]. There-
fore, it may not be suitable as a means of summative as-
sessment, but may provide a useful means of formative
feedback to students [22]. Peer evaluation provides an
incentive for students to positively contribute to group
problem solving and learning, and helps to ensure stu-
dent accountability [4]. Additionally, giving and receiv-
ing constructive feedback is an important professional
skill for heath professional students to learn. The prac-
tice of giving feedback allows students to develop profes-
sional competencies and helps prepare them for their

professional lives as clinicians with peer evaluation re-
sponsibilities [23, 24]. Receipt of regular, effective feed-
back has the potential to reinforce good practice,
promote self-reflection and insight.

A well developed peer evaluation process, with
provision and receipt of peer feedback, is considered key
to the success of TBL. TBL literature reports a number
of approaches to the “Peer evaluation” method. These
methods are generally designed to measure students’
contribution to team cohesion and productivity, as
perceived by their teammates, rather than student
knowledge [3]. While there are several models for
conducting peer evaluation in TBL, students are
normally required to provide and receive constructive
and professional, written feedback relating to the
contributions of team members. One example is “Koles
method”, which includes both quantitative and
qualitative feedback [25]. The feedback that is provided
is rated by the facilitator. Both this score, and the
feedback score that is received contributes to the final
peer feedback score. The benefit of this method is that
the peer evaluation score depends on both the quality of
the students’ performance as judged by their peers, and
the quality of one’s own feedback. Hence, professional
skills in both giving and receiving feedback are enhanced
[25].

Team-teaching in TBL

Traditionally, healthcare curricula have largely been
compartmentalized, with teaching delivered in subject
based isolation, limiting the opportunity for students to
integrate the basic and clinical sciences. However, this
integration is foremost in TBL, emphasising the need for
team-teaching among disciplines. Team-teaching is de-
scribed as involving two or more educators working to-
gether to cooperatively plan, interact, observe, question
and teach, while taking advantage of the special
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competencies of each educator [26]. Adopting a team-
teaching approach to team-based learning provides sub-
ject matter expertise in basic sciences, and clinical disci-
plines. The basic scientists are able to teach and address
concepts and questions around the basic science, while
the clinicians are able to explain how the basic sciences
apply to the clinical case and context. For example, at
The University of Sydney Medical School, a TBL teach-
ing team includes one senior clinician, one junior clin-
ician, and one basic scientist, who teach collaboratively
and facilitate meaningful learning sessions of theoretical
knowledge and clinical application. Teaching is carried
out in a unified manner, bringing together different
topics to encourage interaction of the basic sciences and
clinical disciplines, enabling students to integrate, con-
ceptualise, and apply the newly acquired knowledge. At
the same time, both clinicians and basic scientists (se-
nior and junior) build on their knowledge and skills by
learning from each other during TBL classes, enriching
their own teaching experience.

Benefits of team-teaching
Benefits for students and facilitators include [27, 28]:

e Students are provided with more than one
explanation of complex cases

e Promotes teacher development by peer-teacher
observation and reflection on their teaching and
learning

e Exposure to different teaching methods and
knowledge for both educators and students

o Debate and more active discussions

e Role modelling of interprofessional collaboration

e Brings humour to the classroom

Feedback to students during TBL

Feedback acts as a continuing part of the instructional
process that supports and enhances learning [29]. Feed-
back is part of an on-going unit of instruction and as-
sessment, rather than a separate educational entity [18].
Feedback promotes learning in three ways [29, 30]:

e Informs the student of their progress

e Informs the student regarding observed learning
needs for improvement

e Motivates the student to engage in appropriate
learning activities

Barriers to the feedback process

e Feedback has the greatest impact on students’
knowledge and understanding when it is
immediate [31]
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e The desire to avoid upsetting students with negative
feedback can result in inadequate feedback [31]

o Without external feedback, some students may
generate their own feedback. However, self-
assessment is often wrong; high performers tend to
underestimate their own performance, and lower
performers tend to overestimate [32].

Benefits of TBL for students and facilitators
There are many benefits to TBL for both students and
facilitators, and these are summarised in Table 2.

Challenges of design and implementation of TBL
Although there are many benefits to TBL, there are a
number of challenges in design, organisation and imple-
mentation. The TBL design process is detailed, involving
five key steps: 1) identifying learning outcomes, 2) creat-
ing problem-solving activities, 3) writing readiness assur-
ance questions, 4) identifying and/or developing
preparation materials, and 5) seeking feedback and mak-
ing improvements [1]. In our own experience, this was a
time consuming task, requiring input from a large num-
ber of academics, with various expertise [8]. Addition-
ally, faculty development in TBL design and facilitation
was needed to ensure academic engagement and under-
standing of the new teaching method and content, and
standardisation in delivery.

Implementation of TBL classes provides some chal-
lenges. Although student centred, TBL has an instruc-
tional format, with sequenced steps, and completion
of all activities within each class requires a disci-
plined, well organised facilitator [8]. Of the utmost
importance is student engagement, understanding and
‘buy-in’ to the TBL process. Students may perceive an
increased workload when TBL is introduced [13], par-
ticularly because of the flipped classroom format. Stu-
dents’ motivation to prepare, and contribute to team
and class discussion should be encouraged through
consistent feedback [20]. Beyond the scope for discus-
sion in this paper, there are a number of resources
and software suitable to deliver the various elements
of TBL, including pre-readings/videos, IRAT, TRAT,
and problem-solving activities. Careful consideration
should be given to resource allocation that meets in-
stitutional priorities.

Conclusion

Evidence suggests that TBL provides positive contribu-
tions to pedagogy within healthcare education, helping
to prepare students for the demands of increasingly
complex healthcare systems [1]. Students are attracted
to the active, collaborative nature of TBL, and teachers
are attracted to the integrated approach of TBL in
developing students’ professionalism skills, including
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Table 2 Summary of the benefits of TBL for students and facilitators

BENEFITS FOR STUDENTS

Small group experience with facilitators who are experts in their area

A clear strength of TBL is having multiple, small groups of students in
each room, promoting inter and intra team discussion and peer
learning. Having expert facilitators ensures all students are provided with
the same, up to date, evidence based guidance and answers [8].

Structured learning

The specific steps of the TBL process help to engage students. Students
move beyond active learning as individuals by participating in structured,
collaborative learning activities that are interactive and relevant [32]. Active
learning opportunities, which engages participants, will promote deeper
understanding and better knowledge retention [33].

Students experience the value of working and collaborating in teams

Students compare and reflect on their IRAT and TRAT results, and their
peers’ contributions to teamwork. Evidence suggests that the worst
performing team will usually score higher than the best individual
student [3].

Students are motivated to reflect on their own strengths and
weaknesses as members of a team

The peer evaluation prompts students to consider how they can
improve as a team member. When implemented correctly, friendly
competition promotes student accountability to their ‘teammates’, and
to their teachers [7], encouraging students to better prepare for class
activities.

Students develop professional attributes, such as giving and
receiving feedback through peer review

Peer review is a common requirement among health professionals, yet
it is rarely formally taught and practiced at university [34, 35]. The ability
to give feedback is reported to improve communication skills, problem
solving, decision making and responsibility [36, 37]. Similarly, receipt of
feedback from peers can provide an effective learning experience for
students, and create reflective learners, who analyse and reflect on their
contributions and performance [38].

BENEFITS FOR FACILIATORS
Teaching students who are prepared is more rewarding

Staff and students alike value the ‘flipped classroom’ format of TBL.
Students are encouraged to prepare for class, and be up to date with
course content. Rather than ‘spoon feeding’ content to students, there
is time to facilitate meaningful discussion and help students to problem
solve [3].

Teaching as a team

With co-teaching implemented as a strategy in TBL, hospital consultants
and university academics come together to develop the students’ know-
ledge and skills in their areas of expertise. Teaching is carried out in a
unified manner, bringing together different topics to encourage inter-
action of the basic sciences with clinical disciplines, enabling students to
integrate, conceptualise and apply this newly acquired knowledge.

Facilitators learn from each other

Evidence suggests that co-teaching is effective in generating student
interest, engagement, knowledge acquisition and retention [39]. At the
same time, the teachers may build on their own scientific and medical
knowledge, and further hone their teaching skills by learning from each
other during TBL classes, ultimately enriching their teaching experience.
Our facilitators have described the positive experience of “working with
other experts in a collegial atmosphere” as “rewarding” and “positive”.
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leadership, communication and teamwork [40]. As a
learning tool, TBL enables a large group of students to
participate in small group learning experiences, with a
small number of teachers. Although there may be re-
source saving implications for institutions in terms of re-
quired teaching staff, the introduction of TBL may
present challenges. Literature recommends that TBL
“works best when all of the components are included in
the design elements” [41]. Positive aspects of the TBL
design include the flipped classroom approach, small
groups, testing process, immediate feedback from ex-
perts, peer review, and provision of a clinical context by
clinicians. The use of a standardised framework, and use
of evidence based practice in implementation and facili-
tation of TBL, will result in better outcomes for stu-
dents, teachers and institutions.

Take-home message

+ A growing number of healthcare faculties are adopting TBL, since it
allows a large number of students to experience small group learning
with experts as facilitators.

- Student accountability in TBL is encouraged through pre-class prepar-
ation, the IRAT, TRAT, immediate feedback, team problem-solving activ-
ities and peer review.

« Provision of immediate feedback by experts is essential to student
learning throughout the TBL classes.

+ The challenges of designing and implementing TBL should be
considered when allocating resources.
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