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Abstract

Purpose

Case-based collaborative learning
(CBCL) is a novel small-group approach
that borrows from team-based learning
principles and incorporates elements
of problem-based learning (PBL) and
case-based learning. CBCL includes a
preclass readiness assurance process
and case-based in-class activities in
which students respond to focused,
open-ended questions individually,
discuss their answers in groups of 4,
and then reach consensus in larger
groups of 16. This study introduces
CBCL and assesses its effectiveness

in one course at Harvard Medical
School.

Method

In a 2013 randomized controlled trial,

64 medical and dental student volunteers
were assigned randomly to one of four
8-person PBL tutorial groups (control;

n = 32) or one of two 16-person CBCL
tutorial groups (experimental condition;

n = 32) as part of a required first-year
physiology course. Outcomes for the PBL
and CBCL groups were compared using
final exam scores, student responses to a
postcourse survey, and behavioral coding of
portions of video-recorded class sessions.

Results
Overall, the course final exam scores
for CBCL and PBL students were not

significantly different. However, CBCL
students whose mean exam performance
in prior courses was below the participant
median scored significantly higher than
their PBL counterparts on the physiology
course final exam. The most common
adjectives students used to describe CBCL
were “engaging,” “fun,” and “thought-
provoking.” Coding of observed
behaviors indicated that individual affect
was significantly higher in the CBCL
groups than in the PBL groups.

Conclusions

CBCL is a viable, engaging, active learning
method. It may particularly benefit students
with lower academic performance.

This report introduces case-based
collaborative learning (CBCL), an
alternative small-group instructional
method that borrows from the principles
of team-based learning (TBL)'* and
incorporates elements of both problem-
based learning (PBL)*>” and case-based
learning (CBL).*® Like TBL, CBCL can
be used in basic science and clinical
instruction, focuses student discussions
on faculty-defined topics and learning
goals, and aims to promote active learning
and high levels of student engagement.

In TBL, students’ preclass preparation

is encouraged through the readiness
assurance process (RAP), whereby each
student takes a multiple-choice test in
class (the individual readiness assurance
test, or I-RAT') based on the topics
assigned prior to class. Following the

Please see the end of this article for information
about the authors.

Correspondence should be addressed to Edward
Krupat, Harvard Medical School, 384 MEC, 260
Longwood Ave., Boston, MA 02115; telephone: (617)
432-1689; e-mail: ed_krupat@hms.harvard.edu.

Acad Med. 2016;91:723-729.
First published online December 22, 2015
doi: 10.1097/ACM.0000000000001004

I-RAT, students work in small groups to
achieve consensus answers on a group
readiness assurance test (G-RAT). Groups’
responses are then compared, and a larger
group consensus is ultimately reached
following discussion. Then, the instructor
announces the correct responses, which
students may challenge or debate.
Michaelsen and Sweet' have estimated
that the RAP requires approximately 45
to 75 minutes of class time, which may

be followed by an additional one to four
hours of application-oriented activities
using the same format.

In contrast, readiness assurance is
accomplished in CBCL in advance of
class. Students independently answer
challenging multiple-choice questions
(MCQs) based on key concepts from the
course materials and submit their answers
before class. This process encourages
students to rely on course materials

to generate responses and provides
instructors with information about each
student’s mastery of the material as well
as the overall difficulty of the MCQs.

In class, the CBCL instructor presents
a new case to students, who generate
individual responses to a set of focused,
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open-ended, case-based questions.
Comparing their individual answers,
students discuss the alternatives to reach
a consensus answer within their assigned
small group. The answers of each small
group are then shared in the class, and
the students try to reach a between-
group consensus, with the instructor
acting as a facilitator. While this format
maintains the general structure of TBL
in-class activities, the content of CBCL
in-class activities is exclusively case based,
as in CBL. In contrast to PBL in which
students have greater leeway to explore
issues in the case that they deem most
relevant, in CBCL the questions answered
in class are formulated in advance by the
instructor. Because these questions are
open-ended, CBCL requires students to
generate their own hypotheses and devise
creative solutions but, in the spirit of
PBL, still encourages independent student
exploration of the mechanisms of disease.
In these ways, CBCL incorporates some of
the best features of PBL, TBL, and CBL."

In this article, we report the results of

a randomized controlled trial (RCT)
comparing students assigned to CBCL
versus traditional PBL groups to assess
the impact of CBCL using three different
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outcomes: final exam performance, student
ratings, and coding of observed behavior.
We hypothesized that students’ learning in
CBCL groups would be at least equivalent
to that of students in PBL groups (based
on final exam performance). We also
hypothesized that CBCL students would
both be more involved (based on coded
observed behavior) and find the process
more engaging (based on student survey
ratings) than PBL students.

Method

This study was conducted in February—
March 2013 in Integrated Human
Physiology, a required six-week course
for first-year students at Harvard Medical
School (HMS). One of the course’s
central teaching methods is the tutorial,
which had always used PBL; all students
are required to participate in three
tutorial sessions per week. Before the
course began in 2013, the course director
(R.M.S.) invited students to participate
in a test of a new form of tutorial. The
first 64 students who volunteered (56

of 132 first-year medical students and 8
of 36 first-year dental students—all of
whom take their preclerkship curriculum
together) were randomly assigned to a
tutorial in the control condition (one

of four 8-student PBL tutorial groups;

n = 32 students) or in the experimental
condition (one of two 16-student CBCL
tutorial groups; n = 32 students). All
students discussed five cases focusing

on different organ systems; each case

was covered in three tutorial sessions
lasting 70 to 90 minutes each. CBCL and
PBL students participated equally in all
other aspects of the course (e.g., lecture,
patient clinics), took common exams, and
received no special instruction other than
what was required as part of the course.

Each of the study’s six tutorial sections
was led by a single tutor. All of these
tutors were highly experienced and had
previously been rated highly by students.
Prior to the course, all tutors participated
in a 90-minute faculty development
session; in addition, before day 1 of

each case, all tutors met with the course
director to review learning objectives. The
protocol was deemed exempt by the HMS
institutional review board.

PBL groups (control)

In PBL tutorials for this course, new
elements of a case are introduced over
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three sessions. Students are encouraged
to define the key features of the case via
discussion, to seek out new information
as needed, and to engage in self-guided
explorations that will enable them to
explore key basic science concepts in the
clinical context and generate explanations
for clinical findings according to course
learning objectives. The role of the tutor
is to monitor the student discussions,
contribute as needed, and keep
discussions from wandering too far afield.
Because we wanted the four PBL control
groups of 8 students to be true instances
of “standard care,” the control group
tutors were blinded to the details of the
CBCL intervention and operated their
tutorials with no reference to being part
of an educational experiment.

CBCL groups (experimental)

Readiness assurance. In the CBCL
tutorials, each case began on the first day
that a new organ system was introduced
in the course. The first tutorial session,
which introduced the basic elements

of the case, began shortly after the

initial lecture on the topic, so it was not
feasible to expect advance preparation
by students on day 1 of a given case. In
the second and third tutorial sessions

for each case, additional case-based
information was presented. Because
students already had prior exposure to
relevant material, we attempted to ensure
readiness by electronically sending them
a set of five challenging MCQs the day
before the session. The MCQs covered
topics relevant to but not specifically
about the case, and they required a good
deal of application and inference.

Students were instructed to study

the course materials and to use the
MCQs as a means of assessing their
understanding. They were required to
work independently and to send their
responses to the tutor before the start of
the tutorial session. Students were told
that failure to submit a response would be
considered a breach of professionalism,
and scores on each “exercise” contributed
an (unspecified) amount to their course
tutorial participation grade. After the
tutorial session, the correct answers with
explanations were posted online for review.

Group discussion. The 32 CBCL students
met in two tutorial groups of 16 students.
Each student was assigned to the same
table of 4 students for the entire course.

The small-group size of 4 was chosen

on the basis of social-psychological
evidence suggesting that it represents

a compromise between smaller groups
that may not bring sufficient resources
and larger groups in which diffusion of
responsibility may take place.'™'? To the
extent possible, we matched the tables

of 4 according to gender, society (i.e.,
students’ advisory groups), presence of
dental students, and students’ overall
prior exam performance. (The same
procedure was used for assigning students
to the study’s PBL groups of 8 students.)
The CBCL tutors had participated
previously in an informal pilot similar

to this; their additional training for

this study focused on a “script” for
conducting CBCL sessions and guidelines
for the timing of in-class activities.

On each day of each case, the tutor
revealed progressively more information
about the patient and condition at the
beginning of the session. Immediately
after presenting the new information,
the tutor provided each student with

a sheet containing an open-ended
question (see Box 1 for an example).
Students were given 5 to 10 minutes to
generate individual written responses.
Simultaneous reveal of individual
responses within the small groups was
accomplished by having the students
pass their answers to the person on their
left; students continued passing until
each student had read all four answers.
The small groups were then given 15 to
20 minutes to discuss their answers to
generate a written consensus response.
Simultaneous reveal of the four group
consensus responses was accomplished
by having each small group post a photo
of their response on one of the four large
computer screens in the room. This reveal
was followed by a 15-minute large-group
discussion. The tutor-moderated large-
group discussion had the goal of helping
students identify the “best” answer

(most often one of the four small-group
responses, but occasionally a “fusion”

of the answers provided) and, more
important, the underlying physiological
principles supporting the best answers
provided. During each session, this
procedure was then repeated for a second
question about the case.

Outcome measures

We collected three complementary
measures: final exam performance as
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Box 1

Sample Pulmonary Case Summary and Open-Ended Question for Case-Based
Collaborative Learning, With Examples of First-Year Students’ Individual
In-Class Responses, Integrated Human Physiology Course, Harvard Medical

School, 2013

Pulmonary case summary and question

Ms. Liggett is a 53-year-old woman who presents to her primary care doctor with several months
of a daily morning cough and progressive shortness of breath with mild exertion. She was

last seen 6 years ago for “bronchitis,” and her doctor at the time strongly recommended that

Ms. Liggett quit smoking. Prior to coming into the examination room, Ms. Liggett performed
spirometry, and her forced expiratory volume in one second (FEV1) was 1.6 liters, which is 50% of

the predicted value.

Question 1: In light of what you know about the ventilatory pump, provide two physiological
hypotheses, based on the patient’s history and physical exam, for her increased shortness

of breath.

Hypothesis #1:

Hypothesis #2:

Sample responses from students

e Reduced elastic recoil leads to greater compliance which leads to prolonged exhalation
e Restriction of airway due to history of smoking and bronchitis
e Emphysema—decreased elasticity, death of alveolar gas exchange tissue

e Old age leads to loss of elasticity in lung tissue

e Chest muscles do not relax

e Narrowing of airway could decrease resistance

e Decreased chest wall movement from added weight
e Airway inflammation leading to increased resistance and decreased flow
e Decreased muscle tone of chest wall due to inactivity

® Pneumonia—infection

e Fluid/mucous in airways due to heart troubles from smoking

an indicator of student learning; student
ratings of their tutorial as an indicator of
subjective experience; and systematic coding
of observed class behavior, as captured on
video, as an indicator of process.

Final exam performance. We compared
the standardized scores of all students

in the CBCL groups and the PBL

groups on a common course final

exam. Additionally, on the basis of past
findings indicating that TBL may have
its largest impact on students who are
having academic difficulties,*!* we made
separate CBCL versus PBL comparisons
of the final exam scores of those students
whose mean exam performance in prior
courses had been above or below the
median score for all 64 participating
students.

The course final exam was based on

two new cases provided to all students

for independent study two days before

the day of the test. The exam questions,
distributed in class on the test day, required

students to explain in short paragraphs
the physiological principles underlying
the symptoms, physical findings, and
laboratory results in the two cases.

Student ratings. Students’ perceptions of
their tutorial were assessed using a series
of ratings on an anonymous postcourse
questionnaire hosted at SurveyMonkey
(Palo Alto, California). E-mailed invitations
with a link to the survey were sent to all
study participants shortly after the course
ended. The survey items were written to
assess subjective experience along three
dimensions: learning effectiveness (12
items such as “Tutorial was challenging
and thought-provoking” and “Tutorial
enhanced my critical thinking skills”;
alpha = 0.92); positive affect (8 items such
as “I felt excited and enthusiastic during
discussions” and “I looked forward to
coming to tutorial”; alpha = 0.76); and
preparedness (2 items: “I felt that students
were quite well prepared when they came
to tutorial” and “I typically put a great deal
of effort preparing for tutorial in advance”;
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alpha = 0.67). All items were answered
using the same four-point Likert scale
(from agree = 1 to disagree = 4), analyzed
so that a rating of 1 always represented

the most positive response. In addition,

a free-text item asked students to list two
adjectives that best described their tutorial.

Coding of observed behavior. Fourteen
tutorial sessions were video-recorded for
each PBL and CBCL group (five cases x
three sessions, minus one session because
of technical problems). In the PBL
sessions, one camera was used to capture
picture and sound for all 8 students.

In the CBCL sessions, four wide-angle
cameras were used, with each camera
focused on a single table of 4 students.
Because four small-group discussions
were occurring simultaneously in the
CBCL sessions, separate voice recordings
of each table’s discussions were collected
using strategically placed, directionally
sensitive microphones, and voice and
video were synced. During the 16-person
CBCL discussions, we used only one

of the four cameras, which was located
behind the tutor and therefore capable
of capturing picture and sound for the
larger-group discussions.

Behavioral coding was accomplished
using the thin slices method,*'” a
validated social science approach, and

all behavioral ratings were made by two
trained coders. From within the specified
discussion periods, we randomly selected
30-second video snippets (or “slices”) of
group interaction for observation. For
each recorded PBL session, we selected
eight slices: two from early in the session,
four in the middle, and two late in the
session. For each recorded CBCL session,
we selected eight slices during each
4-person group discussion (distributed
similarly to the PBL slices) and another
eight slices during the 16-person large-
group discussion.

Each slice was coded several ways,
adapting an approach that has been
validated in other studies.'®" Group
affect was rated on six dimensions (tense,
warm, cooperative, engaged, energetic,
open) using a five-point scale (ranging
from a score of 1 to indicate that the
characteristic was definitely present to

5 to indicate definitely absent); these
ratings were summed into a single index.
Individual affect was coded by focusing
on the behavior of a randomly selected
individual student. The coders noted
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whether that person was primarily passive
(i.e., listening) or active (i.e., talking to
another student or the tutor) during the
slice, and they rated that person’s affect
on six dimensions (enthusiastic, cheerful,
active, tense, engaged, energetic) using
the same five-point scale as above; these
ratings were also summed into a single
index. Finally, coders noted the presence
or absence of eight types of individual
behavior (e.g., giving information,
agreeing, expressing reassurance)

during all of the tutorial session group
discussions.

To avoid halo effects, the coders were
instructed to focus on specific, single
behaviors. To eliminate any demand effects
or rater bias, the coders were told that

we were not attempting to establish the
superiority of one method or the other.
With one of the authors (E.K.), the coders
discussed the conceptual distinctions
among the various characteristics to

be observed. They then selected several
slices, made independent ratings, and
discussed differences in ratings when

they occurred. This process continued
until they believed that they had reached

a high level of agreement, at which point
they calculated Cronbach’s alpha based

on their most recent ratings. When the
interrater consistency reached the criterion
of alpha = 0.7, the coders began coding
independently. At the midpoint of coding,
rater drift was assessed. Interrater reliability
was still above the criterion, and the coders
returned to independent coding.

We were able to code 402 slices of the PBL
discussions and an additional 400 to 410
slices of the CBCL 4-person and 16-person
discussions, for a total of over 800 CBCL
observations. (The variability resulted
from technical problems including issues
related to making uniform behavioral
observations in the CBCL rooms where
four cameras were used.) After several
practice sessions, interrater reliability
reached a satisfactory level (alpha = 0.79
for individual affect, 0.79 for group affect,
and 0.85 for group behavior). Internal
consistency of the group affect and
individual affect indices were high
(alpha = 0.74 and 0.97, respectively).

Statistical analysis

Our study design was nested, with

32 students in the CBCL group and
32 in the PBL group. As each group
member could not be considered an
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independent observation, we used a
multilevel modeling approach in which
statistical comparisons between the
CBCL and PBL groups were made using
univariate between-subjects ¢ tests or
analysis of variance (ANOVA) with
nested interaction terms. Analyses were
conducted using SPSS version 21.0 (IBM
SPSS, Armonk, New York).

Results
Final exam performance

The standardized final exam scores for
the CBCL students and the PBL students
(53.50 versus 47.13, respectively) were
not significantly different (# = 0.92;

P =.36). However, the mean final exam
score of the CBCL students whose mean
exam scores in prior courses were below
the median of the 64 participants was
significantly higher than that of their
PBL counterparts (41.63 versus 26.88,
respectively; t = 2.04; P = .05). There was
no significant difference in the mean final
exam scores of CBCL and PBL students
whose mean prior exam scores were
above the median (see Figure 1).
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Student ratings

The response rates for the postcourse
survey were 91% (29/32) in the PBL group
and 97% (31/32) in the CBCL group. CBCL
students’ ratings on all three dimensions
were consistently more positive than those
of PBL students, but none of the differences
reached statistical significance. The majority
of free-text responses were positive in

both the PBL and CBCL groups; however,
12% of the PBL terms were negative (e.g.,
“boring,” “frustrating,” “scattered”), whereas
only one term for CBCL could be described
as negative (“indecisive”). As illustrated in
Figure 2, the words most used in the PBL
group’s free-text responses were “fun”

(n =6) and “collaborative” (n = 4). In the
CBCL group’s responses, the most common
words were “engaging” (n = 9), “fun”

(n =6), and “thought-provoking” (n = 5).

Coding of observed behavior

On the combined index of individual
affect, students were significantly more
positive in the CBCL groups than in the
PBL groups (P < .0002). There were no
significant differences between the PBL and
CBCL groups on group affect. The analysis

H PBL / CBCL

67.38

65.38

Below median prior

Above median prior

Groupings based on mean prior exam performance across all courses

Figure 1 Comparison of standardized mean scores on the March 2013 Integrated Human
Physiology final exam, Harvard Medical School, for first-year students whose mean prior exam
performance across all courses was above or below the median for all 64 students participating in
the study. PBL indicates students assigned to the study’s problem-based learning tutorial groups
(control condition); CBCL, students assigned to the study’s case-based collaborative learning

tutorial groups (experimental condition).
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Figure 2 Word clouds representing first-year students’ free-text responses when asked for two
adjectives that best describe their tutorial experience as part of the Integrated Human Physiology
course, Harvard Medical School, postcourse survey, March 2013. Panel A depicts responses from
29 of the 32 students assigned to the study’s problem-based learning groups (control condition).
Panel B depicts responses from 31 of the 32 students assigned to the study’s case-based
collaborative learning groups (experimental condition). The physical size of each word indicates
the relative frequency of mentions by the respondents.

of specific behaviors (i.e., presence versus
absence per slice) revealed a complex
pattern: There were fewer explicit instances
of asking for or giving information in

the CBCL small-group discussions than

in the PBL discussions, as well as fewer
expressions of uncertainty, respectful
disagreement, and reassurance; yet there
was a higher incidence of both expression
of frustration and lightheartedness (see
Table 1). During any given 30-second

slice, the student randomly chosen for
observation was primarily active (speaking
or engaged in a form of interaction) 42%
of the time in a group of 4, 14% of the time
in a group of 8, and 6% of the time in a
group of 16 (P <.0001).

Discussion

This RCT compared CBCL, a new team-
based small-group approach, versus PBL,
a time-tested and widely accepted tutorial
model. While performance on the course

final exam was not significantly higher
for CBCL students than for PBL students
overall, those CBCL students whose
prior exam performance was below the
median of all study participants had

a significantly higher mean score on
the course final exam than their PBL
counterparts. This finding underscores
the value of CBCL as a means of
enhancing the performance of students
about whom educators have the most
concern.

This result is noteworthy given three
factors that work against the likelihood of
finding performance differences between
the CBCL and PBL groups. First, the
final exam was based at least as much on
common course elements (e.g., readings,
lectures, other teaching modalities) as

it was on the tutorials, yet CBCL-PBL
performance differences were still found.
Second, given the common assertion
that the tutor’s ability can make the

Academic Medicine, Vol. 91, No. 5/ May 2016

critical difference in learning regardless
of pedagogical approach, we selected
only the most highly rated tutors for
this study to control for this potentially
confounding variable, yet we still found a
CBCL-PBL difference. Third, the CBCL
tutors were working with a new and
somewhat more complicated teaching
format, which could have adversely
affected student learning but apparently
did not.

Similar to the final exam scores, students’
ratings of their tutorial experience on
the postcourse survey were generally,

but not significantly, higher in the CBCL
group than the PBL group. This may be
due to ceiling effects, as students were
favorably disposed to both teaching
methods. Although it was not surprising
that both CBCL and PBL students’ free-
text responses were primarily positive,
the most frequent term CBCL students
spontaneously mentioned—“engaging”—
matched our central objective for this
method. The other terms CBCL students
mentioned most frequently—“fun”

and “thought-provoking”—were also
consistent with our goals.

Behavioral coding indicated that
individual affect was significantly more
positive in the CBCL students than in

the PBL students and that, as would

be expected, students were more active

in groups of 4 than in groups of 8 and
more active in groups of 8 than in
groups of 16. The coding of specific
behaviors produced a complex picture,
with students in CBCL small groups
making explicit requests for information
and giving information less often than
students in PBL groups, even though the
final exam results suggest that a great deal
of information exchange likely took place
in the CBCL small-group discussions.

In considering the relationship of CBCL
to TBL (the method whose principles and
general structure served as its inspiration),
we recognize that both CBCL and TBL
share a commitment to the assurance

of student readiness. However, the
differences between CBCL and TBL raise
some important questions that suggest
the need for a deeper exploration as

to “what is readiness?” and “readiness

for what?” CBCL aims to ensure that
students are ready to discuss case-based
material in class by requiring them to
submit answers to a set of challenging
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Table 1

Behaviors Observed Among First-Year Students in “Slices” of Video-Recorded
Tutorial Discussions, by Tutorial Type, Integrated Human Physiology Course,

Harvard Medical School, 20132

Asking for information 274/409 (67)
Giving information 384/408 (94)
Expression of respectful 41/410 (10)

disagreement

Expression of frustration 16/400 (4)
Expression of reassurance 180/409 (44)
Lightheartedness 119/410 (29)

314 (78) 3.51 001
394 (98) 2.90 002
64 (16) 2.44 007
285 (71) 0.93 18
209 (54) 2.85 002
4(1) 2.50 006
209 (52) 2.28 01
96 (24) 1.61 05

Abbreviations: CBCL indicates case-based collaborative learning; PBL, problem-based learning.
aThirty-second “slices” of group interactions during tutorial sessions were randomly selected from 14
systematically selected video-recorded tutorial sessions (see Method for details). All ratings of behavior were

made by two trained observers.

5The number of slices in which each behavior could be rated varied because of technical difficulties. All CBCL
slices included in this table are slices of the 4-person, small-group discussions; slices of the 16-person large-

group discussions were not included in this analysis.

MCQs prior to class; this also serves the
purpose of focusing their preparation. In
TBL, assurance rests on the assumption
that students who know they will be
tested in the classroom will prepare
before coming to class, at which point
class time will be devoted to the I-RAT
and G-RAT process to ensure their
readiness to relate basic science course
material to clinical problems. While both
approaches are likely to generate prepared
and knowledgeable students, CBCL
focuses class time exclusively on case-
based problems and clinical applications,
which may be particularly useful when
class time is limited and/or when clinical
application is emphasized.

As for the use of MCQs versus open-
ended questions for in-class discussions,
many colleagues with TBL experience
urged us to avoid using open-ended
questions in CBCL because student
responses would be so variable that
small-group discussions would be
unfocused. With this in mind, we
attempted to craft open-ended questions
that were sufficiently focused and case
based. Most important, we required all
CBCL students to commit to a written
answer and subsequently reveal that
answer, exactly as written, to the other
members of their small groups. With four
specific and discrete response alternatives
before each small group, the four-person
discussions were generally focused and
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the groups were capable of generating a
specific consensus-based answer. Positive
results using open-ended questions for
in-class discussions in TBL have recently
been reported by others.?

Asking students to respond to open-ended
questions in the manner described above
has certain advantages that we believe

are consistent with the kinds of clinical
reasoning processes most educators desire
to inculcate in their students. First, an
open-ended question requiring students

to generate their own response alternatives
involves what learning psychologists refer to
as a “recall task,” which is cognitively more
complex than a “recognition task” such

as an MCQ requiring students to choose
among preselected alternatives.?? Second,
responding to open-ended questions more
closely simulates a clinical task, as a set of
four alternatives does not automatically
appear after a patient’s presentation.

Third, reviewing responses to open-
ended questions offers instructors
insight into students’ reasoning in ways
that answers to MCQs do not. In this
study, the content and quality of the
answers to open-ended questions that
CBCL students produced ranged widely
in quality, type, and specificity (see
bottom panel of Box 1 for examples).
The discussions in the 4-person groups
sometimes varied considerably because
each small group considered and

chose a “best” response from among

a range of self-generated alternatives.
This also generated 16-person group
discussions that were rich with teaching
opportunities, each unique to the

ideas that group members brought to
bear on the question. This variety of
responses, however, requires tutors to be
able to improvise because they cannot
anticipate the exact set of answers that
students may generate for consideration.
Finally, responding to open-ended
questions allows students to gain a better
appreciation for the ambiguity of clinical
medicine by recognizing that sometimes
the answers they seek are not as black and
white as desired. This is contrary to what
may be suggested by MCQs, even if the
process of searching for a “best” rather
than “correct” answer may frustrate
students at times.

Although this first attempt at CBCL has
been successful, we recognize that the
findings presented here have limitations.
We introduced and evaluated the CBCL
method in a single required course for
first-year medical students at a single
medical school, and the sample size was
small. Further tests of CBCLs effectiveness
are necessary before any general
conclusions about it can be reached.

Nonetheless, we are optimistic about
CBCLs potential, given the lessons we
have learned that will help us to further
improve this method. For example,
simultaneous reveal of students’ responses
to the open-ended questions is essential
to make the small-group discussions
productive, and we struggled initially with
how best to accomplish this. Judging the
length of time required for the discussions
has been a work in progress, and we

have begun to establish better guidelines
regarding the time needed for each
activity and how much discretion tutors
should have to improvise. We are also
looking for ways to satisfy our students’
desire to know in absolute terms the
“correct answer,” while encouraging them
to focus on the principles that make some
answers better than others.

Conclusions

In this first test of CBCL via RCT, we used
several different measures to evaluate

this new approach. We recognize that

the conclusions that can be drawn from
this single educational experiment are
limited. However, on the basis of our
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initial results, we offer CBCL as an
alternative to traditional PBL and TBL
approaches—which is consistent with the
call" to find means of combining some
of the best features of both. Our data
suggest possible benefits deriving from
CBCL not only in the learning experience
but also in performance, especially for
those students who are having the most
difficulty mastering the curriculum.
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