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Abstract
Purpose: Team-based learning (TBL) combines direct instruction with active, collaborative small group learning. This study
aimed to elucidate-from the students’ perspective-the relations between different elements of TBL. This is expected to provide a
better understanding of the inner workings of TBL in education.
Method: Three hundred and thirteen first- and second-year medical students participated in the study. Data about TBL were
collected at the end of six teaching blocks, by means of a questionnaire. The data were then combined and subjected to path
analysis, which enabled testing of hypothesised relations between three layers of TBL-relevant variables. These were (1) input
variables: prior knowledge, teamwork, challenging application exercise, content expert and facilitator; (2) process variables:
preparation materials, individual readiness assurance test (iRAT), team readiness assurance test (tRAT); and (3) output variables:
learning and topic interest.
Results: Initial analysis resulted in amendments to the hypothesised model. An amended model fitted the data well and explained
43% of the variance in learning and 32% of the variance in topic interest. Content expert had a direct effect on topic interest, as did
prior knowledge, teamwork, iRAT and application exercise. Learning was directly influenced by tRAT, application exercise and
facilitator, but not content expert.
Discussion: The results of this study demonstrate the inter-relationships of different elements of TBL. The results provide new
insights in how TBL works from a students’ perspective. Implications of these findings are discussed.
& 2018 King Saud bin AbdulAziz University for Health Sciences. Production and Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Team-based learning (TBL) is a relatively recent
development in education, combining elements of both
direct instruction and active, collaborative learning in
small-groups. TBL is usually structured in three
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phases.1 The first phase is the individual preparation
phase. During this phase, students study book chapters,
articles or digital resources, prescribed by their
teachers. Subsequently, the students meet in class to
start the next phase. The second phase is the readiness
assurance phase. Students first engage in an individual
closed-book knowledge test (iRAT or individual
readiness assurance test) to check whether their under-
standing of the learning materials is sufficient. This
typically consists of 15 to 25 multiple choice questions.
The same test is repeated by the students in small
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groups of 5–7 students (tRAT or team readiness
assurance test). During the tRAT students discuss and
come to a consensus on their team answers, and the
correct answers are then revealed. This may lead to
additional questions about the subject-matter, some-
times referred to as “burning questions” for which the
teacher provides further clarification. The third phase is
the application phase. During this phase, the small
groups engage in a series of exercises encouraging them
to apply what they have learned. This phase is
characterised by the “4 S” principles:2 all student teams
work on the same problem, which must be significant.
Furthermore, student teams are required to make a
specific choice from a limited list of options and report
their responses simultaneously. Students engage in
these activities through intra-and inter-team discus-
sions, accompanied by teacher feedback.

TBL seems to have a number of advantages over
conventional lecture-based education. Since knowledge
acquisition is left to the individual student, lectures can
be discarded, leaving classroom time free to engage in
other activities relevant to learning. The second
advantage is that students receive feedback on the
extent of their learning, from peers when they discuss
answers to the test during tRAT and from the teacher
when discussing the burning questions. The third
advantage is that students actively engage in the
application of what is learned to new problems,
assignments, or questions. It is assumed that this
attempt to apply what one has learned facilitates its
consolidation and later retrieval.3

Research studying TBL's effects on student learning is
still limited. Most of the papers concentrate on attitudes
toward TBL, showing that students tend to prefer TBL
over other forms of instruction.4,5 Others have looked at
outcomes, comparing TBL with conventional education.
Most of these studies suggest that TBL is more effective
in terms of student learning.6–8 Koles et al.9 for instance,
found an effect on pathology-based questions favouring
TBL. McInerney and Fink10 demonstrated a similar
effect on long-term retention and critical thinking in an
undergraduate microbial physiology course. Nieder et
al.,11 on the other hand, found no difference in a gross
anatomy and embryology course.

Studies aimed at the “inner workings” of TBL are
however rare. For instance, one assumption of TBL is that
performance during both the tRAT and application
exercises build on knowledge acquired during individual
preparation (as measured by performance on the iRAT). Is
this indeed the case? It is also not clear to which extent the
teacher influences the learning process. Since the
structured activities in TBL provide a substantial degree
of guidance, it is possible that the teacher only plays a
minor role when clarifications are needed during the team
discussions. In addition: What is the role of collaborative
learning in teams? Although TBL is anchored in the
premise that learning in teams is beneficial, relatively little
is known to which extent the team adds to the learning
experience and understanding in TBL. Does the team
really play a significant role or is individual self-study
during the preparation phase more essential? These are
questions to which relatively little empirical answers are
available in the TBL literature (for an exception see).12

We propose that a first step towards advancing our
understanding of these issue is to apply a research
paradigm that involves students as observers of their own
learning in TBL using self-report measures.

There is a tendency among educators to interpret
student responses to self-report measures as mere
expressions of satisfaction. However, students can be
intelligent co-researchers of their own learning, be-
cause, unlike the professional researcher who often
only sees the results of learning in students, they are
present at every step. Marsh13 for instance, has
demonstrated that students can be reliable, valid and
unbiased judges of the quality of teaching. De Grave
and Dolmans14 showed that the contributions of tutors
in problem-based learning can be judged by the
students with high inter-rater agreement.

A source of inspiration for the present study was the
development and testing of a causal model of problem-
based learning that was initiated by Gijselaers and
Schmidt15 and further developed by Van Berkel and
Schmidt.16 These authors distinguish between three
types of variables relevant to learning and achievement:
input variables (level of prior knowledge; quality of the
learning resources; quality of teachers), process vari-
ables (tutorial group activities that support learning;
amount of time spent on learning), and output variables
(student achievement; increased topic interest). Using
path modelling, these authors were able to relate the
outcomes of learning to process and input variables. For
instance, the quality of the problems used in problem-
based learning influenced the quality of how the tutorial
group functioned, which, in turn, influenced time spent
on learning and achievement.15 Applying these ideas to
TBL, we assumed that the three phases of TBL are
positively related to each other.3,17 That is, the
preparation phase (preparation materials) influences
the readiness assurance phase (iRAT and tRAT), which
in turn influences the application phase. Fig. 1 contains
a proposed path model, in which influences of input
variables on the core process, and their hypothesized
effects on output variables are indicated by arrows. The



Fig. 1. Theoretical path model of students’ perception of TBL with input, process and output variables.
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input variables are represented as the top-layer
rectangles, whereas the output variables are represented
as bottom-layer rectangles.

The path model should be read as follows. The more
knowledge the student has, the more will be learned from
the preparation materials.18 The more is learned from these
materials, the better the performance on the iRAT, and the
greater the potential for subsequent learning. Performance
on the iRAT, in turn, positively influences the tRAT, and
so on. We will briefly discuss the theoretical and empirical
rationale for the hypothesized relationships depicted in
Fig. 1. The reader should however bear in mind that the
proposed path model is a first attempt to model variables of
interest in the context of TBL. It this sense, our study
should be considered as exploratory.

In the path model, we further hypothesised that the
tRAT and application exercise would only be effective
if the teams work well together, hence the linkages
between team work and tRAT and application exercise
respectively. In our experience of TBL, we noticed that
the application exercises are only perceived as effective
by the students if they are sufficiently challenging. In
other words, if the exercises are too easy and do not
stretch a students’ knowledge, the application exercises
are perceived as not being very effective in helping
them learn. To test this hypothesis in the model, we
added the input variable “Challenging application
exercise.”

Furthermore, it should not come as a surprise that the
teacher is expected to have a significant influence on
the TBL core didactic process as well, in particular,
when it comes to providing feedback and explanations
during team and class discussions. Thus, we hypothe-
sised that the teacher will have a significant influence
on both the tRAT and the application exercise in
the model. Note, that in the model in Fig. 1, we
distinguished between “Content expert” and “Facilitator”
as roles of the teacher. This reflects the educational
context in which the present study was conducted,
where two teachers with different roles are present
throughout the session. For more details, see Educa-
tional Context in the Method Section.

Finally, the TBL core didactic process is expected to
influence prospective outcome variables. The most
discernible one is student learning.19,20 Since poten-
tially all elements of the TBL core process have an
effect on student learning, we allowed the preparation
materials, the iRAT and tRAT, and application exercise
to regress on “Learning” in the model. Besides the
acquisition of knowledge, it is conceivable that TBL



Table 1
Intra-class Correlation Coefficient for the Six Teaching Blocks.

Block Responses ICC Number of
TBL sessions

Year 1: Introduction to
medical sciences

40 .81 17

Year 1: Renal and endocrine 45 .72 13
Year 1: Cardiorespiratory 102 .89 17
Year 2: Gastro-Intestinal blood
and infection

23 .73 24

Year 2: Neurology,
ENT & Eyes

81 .96 15

Year 2: Reproductive medicine
and child health

22 .86 17
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has other positive outcomes on the students’ learning
experience. For instance, when TBL was first con-
ceived, one important consideration was to make the
topic-to-be-learned more interesting to students.21

Group discussions, applying what one has learned to
real-life contexts are all elements that may stimulate
topic interest in students. To explore how TBL results
in increased interest in the topic being taught, we
included “Topic interest” as an additional outcome
variable in the model.

Finally, to test the model described above, we asked
first- and second-year medical students of a new
medical school in Singapore to respond to a ques-
tionnaire containing items aimed at measuring their
perception of the various elements of TBL. The ensuing
data were subjected to path modelling, under the
structural equation modelling paradigm, to test their fit
to the (theoretical) model outlined in Fig. 1.

2. Method

2.1. Educational context

This study was conducted at the Lee Kong Chian School
of Medicine Singapore (LKCMedicine), where TBL is the
main instructional approach for the first two years of a five-
year MBBS programme. The TBL process at LKCMedi-
cine adheres to the principles of TBL described in Parmelee
et. al and the guidelines put forward by Haidet et. al. TBL
is applied consistently in all of the teaching blocks.22 A
distinctive feature about TBL at LKCMedicine is that there
is a facilitator and a content expert. Each TBL session is
team-taught by both of them, each having distinct areas of
responsibility. The content expert is usually a scientist or
clinician who developed the learning material and has deep
subject matter expertise in the specific topic being learned.
In class the main role of the content expert is to guide
students in their understanding of content as they engage
with the TBL process. The content expert works closely
with the TBL facilitator who understands the TBL process
and has extensive pedagogical knowledge. In addition to
managing the classroom, the facilitator is responsible for
questioning students and holding them accountable for their
own learning, but is not usually an expert in the subject
matter being learned.

2.2. Participants

Three hundred and thirteen first- and second-year
undergraduate medical students (36% female and
64% male) from the Lee Kong Chian School of
Medicine Singapore participated in the study. The age
of the participants ranged from 19 to 24 years, with an
average age of 21 years (SD ¼ .92). Responding to the
questionnaires used in this study was voluntary and
the responses were anonymous. The mean response rate
was 53%.
3. Materials

3.1. Team-Based Learning Questionnaire
The items used to measure the TBL learning process

were taken from a regular programme evaluation ques-
tionnaire that was administered cross-sectionally at the end
of each block in 2017. In total, we collected data for six
blocks: Introduction to medical sciences, renal and
endocrine, cardiorespiratory, gastro-intestinal blood and
infection, neuro, ENT & eyes, and reproductive medicine
and child health. The following items were used in the
analysis. Didactic process variables (TBL core process): (1)
“The TBL preparation materials (narrated PowerPoints,
eBooks, face- to-camera lectures etc.) met my learning
needs;” (2) “The iRAT questions helped me to check my
understanding of the important concepts I studied during
the pre-reading;” (3) “The discussion with my team
members during the tRA questions helped me to think
critically;” (4) “The Application Exercises helped me to
understand and/or apply important concepts.” Input
variables: (5) “The topics of the Block were aligned with
my prior knowledge;” (6) “The team worked well together;”
(7) “The Application Exercises were sufficiently challenging
to promote team discussion;” (8) “The sessions were
facilitated in ways that helped me learn;” (9) “The content
experts helped me learn.” Outcome variables: (10) “The
TBL process (pre-reading, iRAT/tRAT, AEs, team and class
discussions) as a whole helped me to learn important
content knowledge and skills;” and (11) “The topics we
addressed in this block were interesting.” All items were
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scored on a 5-point Likert scale, ranging from 1 (not true
at all) to 5 (very true for me).

To establish the reliability of the student judgements
measured by the single items stated above, we
generated for each of the six blocks an inter-rater
agreement score (students being the raters). If there is
high agreement between the students on all 11 items, it
is indicative that the measurements (and, hence, their
observations) are reliable.23 We used the Intra-Class
Correlation coefficient, or ICC, as a measure of
agreement.24 See Table 1 for an overview of the ICC
values for each block.

The ICC values were relatively high (4 .70), with a
mean ICC of .83, suggesting high levels of agreement
between students in their observations regarding TBL.
This outcome implies that using single items is a reliable
approach of quantifying students’ observations of TBL.

3.2. Procedure

At the end of each teaching block, Year 1 and
2 students were invited to respond to an end-of-block-
evaluation questionnaire. Data were then merged to be
used in the path analysis.

3.3. Analysis

Data were analysed by composing a path model. The
path model represented three layers of variables; input
variables, process variables, and outcome variables. For
an overview see Fig. 1. To examine the extent to which
our preconceived model fitted the data, the “goodness-
of-fit” for the path model, we generated the Root Mean
Square Error of Approximation (RMSEA), Standar-
Table 2
Zero-Order Correlations Between Items of the TBL Questionnaire as Well

Variable (1) (2) (3) (4)

(1) Prior knowledge 1.00
(2) Team work .35 1.00
(3) Challenging application exercise .30 .40 1.00
(4) Content expert .37 .34 .49 1.0
(5) Facilitator .39 .35 .50 .49
(6) Preparation materials .49 .22 .24 .17
(7) Individual readiness assurance test .39 .38 .36 .34
(8) Team readiness assurance test .32 .58 .56 .45
(9) Application exercise .33 .37 .63 .52
(10) Topic interest .40 .41 .38 .46
(11) Learning .36 .39 .47 .43
Mean 3.70 4.34 4.22 4.2
(SD) .84 .57 .64 .63

Note: all correlations are significant at the po .01 level (2-tailed).
dized Root Mean Square Residual (SRMR), and
Comparative Fit Index (CFI) along with the χ2 statistic.
Cut-off values of .06 (RMSEA), .09 (SRMR) and .95
(CFI) were used in the analysis.25 The analysis was
conducted using AMOS 23.26 For all analyses, the
significance level was set at po .05.
4. Results

As a first step in the analysis, we tested whether the
hypothesised model, as depicted in Fig. 1, fits the data. The
results of the model fit indices suggest that this was not
entirely the case: χ2(25)¼170.74, po.001; CFI¼ .89;
RMSEA¼ .14 (90% CI: .12–.16); SRMR¼ .11. See Table
2 for the zero-order correlations and mean values of the
variables involved.

A common problem in testing models like these is that
the hypothesised model may be too restrictive, which
can result in a poorer fitting model.15 In order to improve
the model fit, we inspected the modification indices that
were produced with the analysis. The modification
indices suggested that a more relaxed model, with more
connections, would result in a better model fit.

We made some revisions to the original model and
the amended model did indeed fit the data better: χ2

(26)¼105.85, po .001; CFI¼ .94; RMSEA¼ .099
(90% CI: .08–.12); SRMR¼ .087. The revised model
was a significant improvement over the first model
(Δχ2¼64.89, Δdf¼1, po .001). See Fig. 2 for an
overview of the model with its standardised regression
weights. The dotted lines highlight the main differences
between both models.

The model confirmed that the didactic core process
of TBL consists of “Preparation materials” leading to
as Descriptive Statistics (N¼313).

(5) (6) (7) (8) (9) (10) (11)

0
1.00
.32 1.00
.41 .36 1.00
.49 .33 .51 1.00
.46 .28 .36 .52 1.00
.34 .27 .41 .41 .41 1.00
.57 .40 .42 .53 .49 .37 1.00

3 3.93 3.65 4.18 4.14 4.12 4.24 4.09
.74 .82 .57 .60 .68 .64 .64



Fig. 2. Modified path model of students’ perception of TBL (N ¼ 313) with standardised regression vales. Note: Dotted lines indicate deviations
from the theoretical model presented in Fig. 1. *** po .001 level, ** po .01 level and * po .05 level.
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“iRAT” (β¼ .22, po .001), leading to “tRAT” (β¼ .25,
po .001), which in turn leads to the “Application
exercise” (β¼ .19, po .001).

As hypothesised, the input variable “Prior knowl-
edge” was positively associated with “Preparation
materials” (β¼ .49, po .001) and with the “iRAT”
(β¼ .28, po .001). “Team work” had a positive and
relatively strong influence on “tRAT” (β¼ .39,
po .001), but was not associated with the application
exercise. Instead, it was a predictor of “Topic interest”
(β¼ .17, po .01). In line with our hypothesised model,
the more challenging an application exercise was
perceived, the more students felt they learned during
the application exercise (β¼ .42, po .001). However,
contrary to our predictions, “Challenging application
exercise” did not have a direct influence on “Topic
interest.” This relationship was mediated by “Applica-
tion exercise” itself (β¼ .12, po .05).

As predicted in the model, the content expert had a
direct influence on the “tRAT” and “Application
exercise” (β¼ .16 and β¼ .29 po .001 respectively).
However, unlike our predictions, the facilitator only
had a direct influence on the “tRAT” (β¼ .20,
po .001), but not on the “Application exercise.”
Instead, the facilitator had a direct influence on
learning.

Further, “Learning” was also determined by the quality
of the “Preparation materials” (β¼ .18, po .001) the
“tRAT” (β¼ .22, po .001) and the “Application exercise”
(β¼ .19, po .001), but not by the “iRAT.”

The second outcome variable, “Topic interest,” was
influenced by the “Content expert” (β¼ .23, po .001) and
the “Application exercise” (β¼ .12, po .05), which was in
line with our predictions. However, “Topic interest” was
also directly determined by “Prior knowledge”
(β¼ .16, po .001) and the “iRAT” (β¼ .17, po .001)
(and “Team work” as mentioned earlier).

5. Discussion

The purpose of the study reported in this article was
to develop insight in the inner workings of TBL. To
that end, we asked first- and second-year medical
students of a new medical school in Singapore, that
uses TBL as its main teaching method, to reflect on
their training and to report how the various elements of
the TBL arrangement impinge on their learning. Their
observations allow for a number of inferences.
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First, in the eyes of the students, all elements of the
model make sense, it has good face validity. Each
element contributes to overall learning and topic
interest, either directly, or indirectly through their
common relationship with a third variable. For instance,
the quality of the content expert does not influence
overall learning directly, but indirectly via the applica-
tion exercises. The different inter-relationships seem
“logical.”

For instance, the influence of prior knowledge is
where one would expect it to be. Interestingly, the
temporal sequence of the elements that are considered
the “core” of TBL: preparation materials, iRAT, tRAT
and application exercise, is neatly replicated in the
directionality of the arrows connecting them. Attempts
to test the model with reversals of the arrows led to
poorer goodness-of-fit.

A second inference is that overall learning is mainly
influenced by the tRAT and application exercise. The
team and class discussion that occur during these phases
of TBL, which are essentially elaborations on and
applications of the initial learning, have a direct added
value here. This finding provides first support for the
general assumption that readiness assurance and applica-
tion of knowledge in TBL are important ingredients that
help students learn.3,21,27 Unsurprisingly, the preparation
materials also had an effect on learning; the better the
materials, the more students learn. A surprising finding,
however, was that the facilitator, who is primarily
responsible for classroom management, had a direct and
relatively substantial influence on learning. Since the
facilitator's role is primarily classroom management, and
not conveying content knowledge, it is currently not clear
why the facilitator has such a positive effect on learning. It
is possible that in the process of managing the class, the
facilitator enacts learning supportive behaviours that have
a direct effect on student learning. For instance, the
facilitator frequently encourages students to elaborate and
generate (burning) questions during the tRAT and calls
upon students to respond to their peers’ questions. This
explains the positive association of the facilitator with the
iRAT, but not the direct relation with learning. More
research is needed. Overall, the model explained 43% of
the variance in learning.

The third inference is that topic interest is not
determined by the same variables that determine learning
outcomes. Topic interest seems to be influenced by the
student him- or herself, the team, and the variables and
teacher. Prior knowledge and how much was learned from
the iRAT, both person-related variables, had a positive
influence on how interesting the topic was perceived. The
extent to which the teams worked well together
determined how much interest the students experienced
in the topic at hand. And third, the content expert, with his
or her knowledge of the topic positively influenced topic
interest. Overall, the model accounted for 32% of the
variance in interest. Finally, note that topic interest is not
an input variable but an output variable in the model.
Attempts to feed it into the model as an input variable
were not supported by the empirical data. These findings
replicate the problem-based learning literature; increased
interest is a function of group functioning and problem
quality. In addition, interest is an outcome of learning
rather than a starting point.15,16,28–30

The students’ model of TBL illustrates the unique
roles of the educator in this approach to learning and
instruction; whether as a facilitator or as a content
expert. What stands out is that the context expert has an
indirect, as opposed to a direct, influence on learning.
This is possibly a consequence of making students
individually and in teams more in charge of their own
learning. The content expert supports and coaches, but
he or she does not lead. By contrast, in conventional
education the effectiveness of the teacher as a content
expert directly affects the outcomes of the learning
process: Poor teaching leads to poor outcomes. In TBL
however, the need for explicitly providing content
expertise may be significantly reduced by a number of
factors. These include high-quality learning materials,
challenging applications and effective facilitation. Poor
performance of a content expert may be compensated
for by high-quality learning materials, a characteristic it
has again in common with problem-based learning.31

Schmidt32 found that poor tutors in problem-based
learning had no negative effect on student achievement
if the learning materials, including the problems, were
of high quality.The study presented here has several
limitations, the most important being that the students’
model outlined here represents students’ “subjective
experiences” with this instructional approach. However,
the rather high inter-rater agreements among students
who experienced the same course, suggests that their
observations are reliable. In addition, students have
repeatedly been shown to be rather impartial and
reliable observers of their own education.13

The second limitation is the reliance on questionnaire
data only. It would strengthen the interpretation of the
model if some of the variables could have been
measured in more unobtrusive ways. It is certainly true
that schools collect relevant performance data, such as
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iRAT scores, tRAT scores, and end-of course achieve-
ment scores. However, these data are questionable as
measures of the quality of learning going on in a
particular course. Do low iRAT scores indicate poor
learning or rather a poor match with the learning
materials studied? Or do they signify that the teacher
misconstrued the ability level of his or her students
when he or she developed the test? A more effective, if
extremely expensive, approach would be to have
independent observers rate the various elements of
TBL. Provided their inter-rater reliability would be
sufficiently high, such observations may provide an
independent window on what happens to the learner in
TBL. However, to allow for the kind of analyses
conducted for this article, the number of TBL-sessions
observed should be at least in the order of 100.11

Some readers may consider the use of single items as
measures of the constructs in the model a third
shortcoming. However, single items as indicators are
taken more seriously in social or clinical sciences
research than they were a few years ago, in particular if
they can be shown to be reliable, such as is the case
with our data.33 In other domains, the use of single
items is more common. Indeed, in how many different
ways can you ask how much cognitive load a
participant experiences in an experiment,34 how
situationally interested a student is in a particular
topic,35 or how severe the pain is which a patient
feels?36

Where to go from here? Understanding TBL in depth
would require two types of studies. One is the
experimental approach. Here the complexity of
the learning environment would be reduced, so that
the various steps can be run through within a reasonable
time frame such as 1–2 h. This has been successfully
attempted in other complex learning environments.37

Preparation for TBL would take place under super-
vision, so that what students learn can be closely
monitored. In addition, subparts of the whole would be
studied separately. A thought experiment: The tRAT,
when students discuss their individual answers to the
iRAT, is supposed to increase student's conceptual
understanding of what is learned. A design that could
test such hypothesis is comparing two groups in terms
of knowledge acquired, one of which stops after iRAT,
whereas the other continues with tRAT.

The second type of study would be anthropological.
Here learning and its context would be studied by
participatory observation. Are the assumptions met of
those who have developed the approach? Do the
processes assumed actually take place? Etc. In addition,
products of learning would be studied. For instance, a
content analysis of group discussions would reveal to
what extent these discussions help in gaining a deeper
understanding of the learning.
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