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Abstract

Background: Case-based learning (CBL) is a long established pedagogical method, which is defined in a number of ways
depending on the discipline and type of ‘case’ employed. In health professional education, learning activities are commonly based
on patient cases. Basic, social and clinical sciences are studied in relation to the case, are integrated with clinical presentations and
conditions (including health and ill-health) and student learning is, therefore, associated with real-life situations. Although many
claims are made for CBL as an effective learning and teaching method, very little evidence is quoted or generated to support these
claims. We frame this review from the perspective of CBL as a type of inquiry-based learning.

Aim: To explore, analyse and synthesise the evidence relating to the effectiveness of CBL as a means of achieving defined learning
outcomes in health professional prequalification training programmes.

Method: Selection criteria: We focused the review on CBL for prequalification health professional programmes including
medicine, dentistry, veterinary science, nursing and midwifery, social care and the allied health professions (physiotherapy,
occupational therapy, etc.). Papers were required to have outcome data on effectiveness. Search strategies: The search covered the
period from 1965 to week 4 September 2010 and the following databases: ASSIA, CINAHL, EMBASE, Education Research, Medline
and Web of Knowledge (WoK). Two members of the topic review group (TRG) independently reviewed the 173 abstracts
retrieved from Medline and compared findings. As there was good agreement on inclusion, one went onto review the WoK and
ASSIA EndNote databases and the other the Embase, CINAHL and Education Research databases to decide on papers to submit for
coding. Coding and data analysis: The TRG modified the standard best evidence medical education coding sheet to fit our
research questions and assessed each paper for quality. After a preliminary reliability exercise, each full paper was read and
graded by one reviewer with the papers scoring 3—5 (of 5) for strength of findings being read by a second reviewer. A summary of
each completed coding form was entered into an Excel spread sheet. The type of data in the papers was not amenable to
traditional meta-analysis because of the variability in interventions, information given, student numbers (and lack of) and timings.
We, therefore, adopted a narrative synthesis method to compare, contrast, synthesise and interpret the data, working within a
framework of inquiry-based learning.

Results: The final number of coded papers for inclusion was 104. The TRG agreed that 23 papers would be classified as of higher
quality and significance (22%). There was a wide diversity in the type, timing, number and length of exposure to cases and how
cases were defined. Medicine was the most commonly included profession. Numbers of students taking part in CBL varied from
below 50 to over 1000. The shortest interventions were two hours, and one case, whereas the longest was CBL through a whole
year. Group sizes ranged from students working alone to over 30, with the majority between 2 and 15 students per group. The
majority of studies involved single cohorts of students (61%), with 29% comparing multiple groups, 8% involving different year
groups and 2% with historical controls. The outcomes evaluation was either carried out postintervention only (78 papers; 75%),
preintervention and postintervention (23 papers; 22%) or during and postintervention (3 papers; < 3%). Our analysis provided the
basis for discussion of definitions of CBL, methods used and advocated, topics and learning outcomes and whether CBL is effective
based on the evaluation data.

Conclusion: Overwhelmingly, students enjoy CBL and think that it enhances their learning. The empirical data taken as a whole
are inconclusive as to the effects on learning compared with other types of activity. Teachers enjoy CBL, pattly because it engages,
and is perceived to motivate, students. CBL seems to foster learning in small groups though whether this is the case delivery or the
group learning effect is unclear.
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Practice points

e There is no international consensus as to the definition
of case-based learning (CBL) though it is contrasted to
problem-based learning (PBL) in terms of structure. We
conclude that CBL is a form of inquiry-based learning
and fits on the continuum between structured and
guided learning. We therefore propose the definition:
The goal of CBL is to prepare students for clinical
practice, through the use of authentic clinical cases. It
links theory to practice, through the application of
knowledge to the cases, using inquiry-based learning
methods.

e The evidence overwhelmingly suggests that health
professional students enjoy CBL and think that it helps
them learn better. Whether this is reflected in assessment
results is far from clear. However, enjoyment can lead to
increased engagement and motivation for learning,
which in itself is a desirable and positive effect.

e Teachers enjoy CBL. As well as potentially making better
use of teaching time available, more engaged and
motivated students make for a more enjoyable teaching
experience.

e CBL appears to foster effective learning in small groups,
possibly through the effect of having more engaged
learners, but perhaps also through having more struc-
tured learning activities closely linked to authentic
clinical practice scenarios.

e Online CBL can work well providing attention is paid to
the online learning environment.

Introduction

Case-based learning (CBL), also referred to as case study
teaching and case method learning, is a long established
pedagogical method, which is defined in a number of ways
depending on the discipline and type of ‘case’ employed. The
first full-time pathology professor at the University of
Edinburgh, James Lorrain Smith, introduced what he called
the ‘case method of teaching pathology’ in 1912 (Sturdy 2007).
Smith advocated students’ correlating the clinical history of
patients, including their symptoms and signs, with the findings
at postmortem by researching the patients’ cases from their
clinical records. Moreover, this case method aimed to help
students link science and clinical practice.

The Harvard Business School (HBS) is often credited as one
of the first, if not the first, major institutions to adopt the case
method across its curriculum. Founded in 1908, the case
method was adopted in 1920 and is still used today. Its website
states:

‘when students are presented with a case, they place
themselves in the role of the decision maker as they
read through the situation and identify the problem
they are faced with. The next step is to perform the
necessary analysis — examining the causes and
considering alternative courses of actions to come
to a set of recommendations. To get the most out of
cases, students read and reflect on the case, and then
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meet in learning teams before class to ‘warm up’
and discuss their findings with other classmates.
In class — under the questioning and guidance of the
professor — students probe underlying issues,
compare different alternatives, and finally, suggest
courses of action in light of the organization’s

objectives’ (Harvard Business School 2011).

The linkage of theory and practice is a common aim of CBL
courses, as is the development of clinical reasoning in medical
programmes. Queen’s University Centre for Teaching and
Learning (Ontario, Canada) has a useful description of
generic CBL:

‘Using a case-based approach engages students in
discussion of specific situations, typically real-world
examples. This method is learner-centred and
involves intense interaction between the participants.
CBL focuses on the building of knowledge, and the
group works together to examine the case. The
instructor’s role is that of a facilitator, and the students
collaboratively address problems from a perspective
that requires analysis. Much of CBL involves learners
striving to resolve questions that have no single right
answer’ (Queen’s University 2011).

According to the National Centre for Case Study Teaching
in Science, cases should:

Be authentic (based on real patient stories)
Involve common scenarios

Tell a story

Be aligned with defined learning outcomes
Have educational value

Stimulate interest

Create empathy with the characters

Include quotations in the patient voice to add drama and
realism

Promote decision making
Have general applicability

(Herreid 1997/98).

In health professional education, learning activities are
obviously often based on patient cases — patients’ being real
(on the wards, in clinics and in the community), simulated
(people acting as patients with specific problems), virtual
(online patients of varying degrees of authenticity and
sophistication) or text-based. Such cases are believed to
enhance the relevance of subject matter by focusing on real
life and the actual performance of health professionals. Basic,
social and clinical sciences are studied in relation to the case,
are integrated with clinical presentations and conditions
(including health and ill-health) and student learning is,
therefore, associated with real-life situations.

CBL in the context of this review of health and social care
professional education does not include ‘real’ patient cases in
clinical settings, where interaction is often not planned, is
opportunistic and relies on patient goodwill, but rather on
formal learning activities where cases are developed and
delivered in addition to clinical encounters. However, there
are very broad definitions of the term ‘case’ and sometimes it is
not always clear what a case actually is when it is referred to in
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the literature. This ambiguity is a problem as there is no
succinct and widely accepted definition of CBL, and therefore
in the review we looked at the varying definitions with a view
to proposing a definition.

CBL is often contrasted with problem-based learning (PBL)
though the differences are not always clear. Barrows and
Tamblyn’s definition of PBL is ‘learning that results from the
process of working towards the understanding of a resolution
of a problem. The problem is encountered first in the learning
process’ (Barrows & Tamblyn 1980, p. 1). According to
Srinivasan et al. (2007), in a paper included in this review,
CBL uses a guided inquiry method, with defined learning
outcomes, and is more structured than PBL.

Although many claims are made for CBL as an effective
learning and teaching method, very little evidence is quoted or
generated to support these claims. Hence, the need to look
more systematically at the evidence; we have been unable to
find a published review related to CBL within health profes-
sional education that focuses on effectiveness. On the basis of
the descriptions of CBL mentioned earlier in the text, which
resonate with the concepts behind inquiry-based learning, we
use inquiry-based learning as a conceptual framework against
which to compare and contrast ‘cases’ as the basis of inquiry.
Inquiry-based learning emphasizes constructivist approaches
to learning, with knowledge being acquired in a series of steps
and through group processes. Of the four levels of inquiry-
based learning (confirmation, structured, guided and open),
defined by Banchi and Bell (2008) we would expect CBL to fit
between structured and guided. This learning process fosters a
deep approach to learning, where students move from
acquiring and reproducing knowledge, to seeking meaning
through the application of knowledge so they see things in a
different way (Marton & Siljo 1997; Entwistle 2009).

Review aim

The aim of this review is to explore, analyse and synthesise the
evidence relating to the effectiveness of CBL as a means of
achieving defined learning outcomes in health professional
prequalification training programmes.

Objectives

(1) To identify the published empirical evidence on the
effectiveness of CBL in health professional prequalification
training programmes, analyse this evidence and synthesise
conclusions and recommendations from it.

(2) To evaluate the strengths and limitations of published
data.

(3) To propose a definition for CBL.

Subsidiary questions

In the course of our analysis, we aim to answer the following
questions:

(1) How is CBL defined?

(2)  What methods of CBL are used and advocated?
(3) What are students’ and educators’ views on CBL?
(4) Is CBL effective in health professional education?

(5) In what ways is CBL effective?
(6) How does CBL promote learning?

Review methodology

The topic review group (TRG) was based at Warwick Medical
School during the early stages of this graduate entry medical
school’'s curriculum review. Following a decision by the
curriculum review team to develop the new curriculum in a
CBL format, the group wished to explore the evidence for the
effectiveness of such an approach. The team members came
from diverse backgrounds and had a range of expertise in
learning, teaching and curriculum development. Their profes-
sions and disciplines included general practice (GP), paediat-
rics, pathology, psychology, physiology and midwifery, as well
as further specialization in health professional education,
e-learning, communication skills and research methodology.
The group also included a medical student.

We registered our topic and protocol with best evidence
medical education (BEME) in August 2010 and, following
feedback, made minor alterations to the protocol in October
the same year.

Selection criteria

Inclusions. In order to review a wide cross section of papers,
we decided to include studies involving medicine, dentistry,
veterinary science, nursing and midwifery, social care and the
allied health professions (physiotherapy, occupational ther-
apy, etc.), plus combinations of these. To answer the primary
review aim, studies had to include outcome data relating to the
effectiveness of CBL and not merely be descriptions of
educational activities, even though such papers might include
definitions of CBL. We limited the search to papers published
from 1965 onwards and included papers not in English.
Exclusions. We did not exclude papers on the basis of what
we defined as poor methodology (see subsequent sections), or
which had small numbers of students, in order to capture as
many outcome data as possible. We excluded papers that
focused solely on PBL as categorized as such by the authors,
whose students were not from one of the health professions
(e.g., they were from law, business, etc.) and which did not
include evaluation data, plus papers from pre-1965.

Search strategies. Diane Clay, an information scientist based
in the Health Sciences Research Institute and Warwick Medical
School, planned and carried out the searches in October 2010.
The search covered the period from 1965 to week 4 September
2010 and the following databases: ASSIA, CINAHL, EMBASE,
Education Research, Medline and Web of Knowledge (WoK;
see Appendix 1 for search syntax).

The initial search was run over Medline and EMBASE
concurrently. Figures in brackets in Appendix 1 refer to total
number of hits from both databases combined at the various
stages of the search, and the final bold number is the end total.
When duplicate papers were removed on the Ovid System
(Medline as primary), the figures were Medline: 173 and
Embase: 71. The citations and abstracts were imported into
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Table 1. Results from databases.

Database Total abstracts Excluded
Medline 173 94
CINAHL 53 37
EMBASE 71 47
Education research 115 92
ASSIA 13 6
WoK 374 291

Duplicates Full papers Excluded full Coded
79 30 49
2 14 4 10
7 17 6 iR
4 19 6 13
6 1 0 1
35 48 26 22

EndNote X4, and the project lead did a quick review of the 173
titles and abstracts in the Medline database for relevance (with
a more detailed review later — see subsequent sections). The
search strategy seemed to be fairly sensitive as evidenced by
this scan and the number of titles, and was therefore, only
modified in order to meet the search terms needs of the other
databases. The remaining databases were searched one to two
weeks later.

The number of citations from all the databases is listed in
Table 1 and a flow chart in Appendix 2. The search results
were entered into EndNote X4. Two of the TRG reviewed each
of the 173 titles/abstracts in the Medline database indepen-
dently to decide which full papers were required and which
could be eliminated straight away. Reviewer 1 elected to keep
74 and discard 99 titles; reviewer 2 elected to keep 77, discard
92 and was unsure about 4. After discussion and reaching a
consensus, the reviewers agreed to keep 79 (for full retrieval)
and to discard 94.

Reviewer 1 then reviewed the WoK and ASSIA EndNote
databases and reviewer 2 the Embase, CINAHL and Education
Research databases. With Medline as the primary database, we
identified duplicates in the other databases; these were filed
under trash. All remaining abstracts were read and dealt with
in relation to the inclusion/exclusion criteria. The main reason
for exclusion at the abstract stage was that the papers were
opinion or minor reviews without empirical data; a small
number focused on CBL postqualification (e.g., resident or
specialist training) and, mainly within the WoK search,
because they did not include any health professional students
(i.e., focused on business, law, etc.). Conference proceedings
for which no full paper could be identified were also rejected.

One TRG member hand searched the table of contents of
Medical Education, Academic Medicine and Medical Teacher
but found only two papers not already identified and these had
been published since the original search. Because of this poor
yield, we decided not to search other journals.

The number of papers we identified through these searches
are listed in Table 1, which includes the number of duplicates,
papers excluded at the abstract stage and at the full paper
stage, plus the final figure for coded papers. We had one paper
translated by a bilingual colleague, and this was included in
the data analysis.

Coding the papers

If the paper was not rejected after reading the abstract, the full
paper was retrieved. If there was no abstract available, the full
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paper was retrieved. All full papers were then entered into the
coding stage. A number of papers were rejected at this stage
when read in full. The main reason for exclusion at this point
was that no evaluation data were given in the paper because
either the paper was merely a description of a CBL interven-
tion without evaluation or a review of the topic, though we did
not identify any systematic reviews within the health profes-
sional literature. A small number of papers were rejected
because they focused on CBL post qualification (e.g., resident
or specialist training), which had not been apparent from the
abstract and, mainly within the WoK search, because they did
not include any health professional students (i.e., focused on
business, law, etc.), again not identified from the abstract.
Coded papers were then filed under coded in the relevant
EndNote library.

We modified the standard BEME coding sheet to fit our
research questions — this was discussed and further amended
after the first group coding. The standard fields included: title,
date and authors of paper, who coded and when, whether the
paper fitted the inclusion criteria of focusing on CBL for health
and social care prequalification students with evaluation data,
the location of the study, the number and type of students
involved, research design and the impact level for evaluation
according to Kirkpatrick’s hierarchy (Kirkpatrick 1967). The
coding parameters we added included: the focus or topic of
the CBL, the learning outcomes (if stated), the intervention and
length of intervention, the number of students learning
together in a group, the number of years the CBL had been
taking place, plus a space to add text relating to whether the
paper answered any of the subsidiary questions. Each paper
was also assessed on its evaluation methods, strength of
findings (1-5) and overall impression (poor to excellent) as is
standard on the BEME coding sheet.

Criteria for judging the papers were more global than
specific but included: number of participants, number of
cohorts, whether there was any comparison of cohorts includ-
ing historical, level 2 or above outcome data, preintervention
and postintervention data, some attempt at exploring how CBL
is effective, clear description of analytical method.

As a preliminary inter-rater agreement exercise, all seven
members of the review team independently coded three
papers from three different databases. Paper 1: all reviewers
except one rated this as 1/poor, with the exception rating it as
reject; paper 2: four reviewers rated this as poor but either 1
or 2 and three as acceptable (1, 2 and 3), after discussion, the
rating was poor, 2; paper 3: all reviewers rejected this as
having no evaluation data.
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Kirkpatrick level 1 student reaction 86 Coding Reviewer 1 Reviewer 2
2a change in attitude 9
2b change in knowledge 41 Excellent + 4 1
3 change in behaviour 0 Good + 4 13 8
4 organisational change 0 Acceptable + 4 2
Poor+4 1
Strength of findings 1 29 Good +3 3
2 40 Acceptable +3 19 9
3 22 Poor +3 2 1
4 13 Good 42 1
5 0 Acceptable + 2 5
Overall impression Poor 53 Poor +2 0
Acceptable 38 Acceptable + 1 1
Good 13 Poor+.1 - 2
Excellent 0 Total significant papers 34 23

Pragmatically, we felt that the level of agreement meant that
papers could be initially be coded by one reviewer, with all
papers categorized as 3-5 being coded independently by a
second reviewer. The final number of coded papers for
inclusion was 106, but on closer examination of the papers, we
found that Horsch et al. (1999) and Horsch et al. (2000)
included different data but on the same cohort and number of
students, as did Peplow et al. (1990) and Peplow et al. (1992).
We have, therefore, amalgamated these two duos of papers
using the earlier year (i.e., 1999 and 1990) giving a final total of
104 papers. Of these, 65 were coded by a single reviewer
(62.5%) and 39 papers by two reviewers (37.5%).

Data analysis

A summary of each completed coding form was entered into
an Excel spread sheet. Table 2 shows the number of papers by
categorization: Kirkpatrick level (some papers included eval-
uation data at more than one level), strength of findings and
overall impression as coded by the first reviewer. We agreed
that we would rate papers as high quality if they scored 3-5,
based on the strength of the findings, plus excellent, good or
acceptable, based on the overall impression. All the ‘good’
papers were rated 4 (13) but only 19 (47%) of the acceptable
papers were rated 3, giving 32 papers that we classified as
having significant and important findings for our study at that
stage. These 32 papers were then coded by the second
reviewer (Table 3). After this coding, we agreed that 23 papers
would be classified as of higher quality and significance (22%),
as excellent/good/acceptable plus 3 or 4. In the results and
findings section below, we give synthesis results from the full
104 papers and then the 23 significant papers.

Findings: Classifications of papers

We include the following in tables, with one column for all the
papers and one column for the significant papers: geograph-
ical location of the study (Table 4); year of publication (Table
5); types/professions of students (Table 6); number of students
in the studies (Table 7) and number of students learning
together in a group (Table 8).

Table 4. Geographical location.

Number in full Number in
LLocation sample (n=104) significant sample (n =23)
UK 5 0
Other Europe 19 6
Asia 9 0
North America 54 14
South America 1 0
Africa 2 0
Australasia 14 3

Table 5. Year of publication.

Number in full Number in significant
Year sample (n=104) sample (n=23)
2010 6 2
2009 9 1
2008 12 2
2007 15 5
2006 14 4
2005 9 5
2004 6 1
2003 1 0
2002 10 1
2001 2 1
2000 3 0
1990-1999 14 1
Pre-1990 3 0

Number in full
sample (n=104)

Number in significant

Student profession sample (n =23)

Chiropractic
Dentistry

Medicine 6}
Nursing
Paramedic
Pharmacy
Psychology

Social science
Speech pathology
Veterinary

Mixed

-

~NOo = = WNN O o =
OWO =+ —=+00NG =0
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Table 7. Number of students in studies.

Number in full
sample (n=104)

Number in significant

Total number sample (N =23)

Fewer than 50 22 2
51-100 13 4
101-200 32 9
Over than 200 21 7
Not given 16 1 (but 4 years data)

Note: The smallest study had six students and the largest over a 1000 (exact
number not given).

Table 8. Number of students learning together on cases per
group.
Number in
Number in significant

Number in group full sample (n=104) sample (n =23)

Working alone 13 4
2-15 41 7
16-30 5 2
More than 30 9 (usually whole year group) 2
Not given 36 8
Interventions

There was a wide diversity in the type, timing, number and
length of exposure to cases and how cases were defined (see
Appendix 3); so diverse that it is difficult to tabulate these. The
shortest interventions were two hours, and one case; whereas
the longest was CBL through a whole year. There were 20
papers, which used some form of online or e-learning, and two
with simulation. In only 35 of the papers, were specific
learning outcomes defined for the students; these could be
topic specific, more generic or a mix of both.

Design

Papers were classified as either evaluating a single cohort:
students all undergoing the same intervention in the same
academic year (designated S in Appendix 3); or multiple
cohorts: students undergoing different interventions for com-
parison or an intervention with a control group (designated M
in table) or similar interventions over different year groups and
no comparison (MY in Appendix 3). Students in the same year
with the same intervention compared with historical controls
using national examinations are also classified as multiple
groups (MH). There were 63 papers with single cohorts (61%),
30 with multiple and comparison (29%), nine with different
year groups (8%) and two with historical controls (2%).

The outcomes evaluation was either carried out postinter-
vention only (78 papers; 75%), preintervention and postinter-
vention (23 papers; 22%) or during and postintervention (three
papers; <3%).

Analysis

The type of data presented in this study was not amenable to
traditional quantitative meta-analysis because of the variability
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in interventions, information given, student numbers (and lack
of) and timings. We have, therefore, adopted a narrative
synthesis approach to compare, contrast, synthesise and
interpret the data (Popjay et al. 2007). Narrative synthesis
involves the development of a theory of how an intervention
(i.e., CBL) works, why and for whom, through a
preliminary synthesis of findings of included studies, an
exploration of the relationships in the data and an assessment
of the robustness of the synthesis. In this review, we are
guided by the theory relating to inquiry-based learning and
further develop this during the analysis and synthesis of the
papers.

Results: Synthesis of findings

A summary of the papers is given in Appendix 3. The results
and analysis are presented under the headings of the
subsidiary research questions, based on all 104 papers:
definitions, methods/learning activities, student and faculty
views/feedback, effectiveness based on level 2 outcome data
for single cohorts. We then summarise the significant papers
involving single cohorts (10). This is followed by a section of
analysis of the effectiveness in relation to papers that compare
two or more groups, finishing with the significant papers
involving a comparison (13). Our conclusions about the ways
in which CBL works and how it promotes learning are then
discussed taking into account the evidence from the results.

Definitions of CBL

There were a number of definitions given for CBL in the
introduction to papers, some referenced to earlier literature
and some stated without citation or evidence. The definitions
can be categorized into underlying themes:

Goal: The purpose of the learning, other than specific learning
outcomes.

In this theme authors write about students being exposed to
real, or authentic, cases before clinical attachments or during
rotations for added breadth of patient presentations, to prepare
them for clinical practice (Hudson & Buckley 2004), to provide
opportunities for formulating diagnoses and management
plans (Anderson & Helberg 2007) and to understand how
underlying mechanisms relate to identifying and treating
illness (Ferguson 2006). Students can address an integral
picture of the whole patient instead of separate views of
diseased organs (Chan et al. 2008). CBL is predicated on the
aim that the learning context should closely match the
situations in which the information will be utilized (Sutyak
et al. 1996). It requires changing the traditional roles and
responsibilities of students and faculty and revising instruc-
tional goals and design (Sutyak et al. 1996).

Content: What is included in the case, the learning activities?

There is an emphasis on real-life practice and cases
(Stewart & Gonzalez 2006; Bowe et al. 2009; Schoeman et al.
2009), but this reality can focus on a community as well as
individual patients (Bair 1980).
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Process: What takes place in CBL, what is belping students
learn?

The linking of theory (classroom-based) to practice (clin-
ical) is strongly emphasized (Koh et al. 1995; DeMarco et al.
2002; Stewart &Gonzalez 20006), with integration of basic
science and clinical management (Beech & Domer 2002;
DeMarco et al. 2002; Chan et al. 2008; Chan et al. 2008; Blewett
& Kisamore 2009; Bowe et al. 2009) and across diverse courses
(Garvey et al. 2000; Ferguson 2006; Chan et al. 2008). CBL is
stated to be both patient-centred (Sutyak et al. 1996; Chan et al.
2008) and student-centred (Sutyak et al. 1996; DeMarco et al.
2002; Patterson 2006). CBL functions as a bridge between
learning/knowledge and working life (Hong et al. 1998;
Hansen et al. 2005; Hakkarainen et al. 2007), while strength-
ening the link between theory and practice (Hudson &
Buckley 2004; Stewart & Gonzalez 2000), and mirroring the
decision-making process of the workplace (Stewart &
Gonzalez 2000). It promotes active discussion and participa-
tion (Hansen & Krackov 1994). Students engage in problem
solving with support and feedback from colleagues and
experts (Sutyak et al. 1996). Although not all CBL is delivered
through group activities, it can be used to encourage group
work (Rybarczyk et al 2007) and cooperative learning (Stewart
& Gonzalez 2000), with small groups working towards a
common goal.

These themes of goal, content and process with the
emphasis on linking theory to practice are hallmarks of
inquiry-based learning. Instead of ‘research questions’ or
problems, the raw material for the inquiry is the case, usually
with defined learning outcomes (structured inquiry).

Methods of CBL used and advocated

Methods in this study refer to the methods used in the
interventions described in the papers, and thus those that were
evaluated. As shown in Table 8 earlier in the text, the most
common method of case delivery was by small group or large
group discussion, usually with a facilitator; other methods
included online and computer-based cases, video presenta-
tions (Kumagai et al. 2010), whole class, whole class discus-
sion after online cases (Canham Van Dijken et al. 2008),
students reviewing cases prior to sessions in order to be able to
discuss them in groups (Bowe et al. 2009), facilitated discus-
sion with trigger questions (Leonard et al. 2002). Less common
methods included fourth year students writing cases and
discussing them with first year students (Hansen & Krackov
1994); case studies being adapted to integrate nutrition and
physical therapy issues — the nutrition students worked
collaboratively with the physical therapy students to
address the nutrition issues affecting the case scenarios
(Smith Jr. & Christie 2004); cases as a vehicle for discussion
of interprofessional roles and responsibilities (Lindqvist et al.
2005). In respect of the last of these CBL was described as
being feasible for
et al. 2005).

Of interest in terms of definitions and methods of CBL is the

interprofessional  groups  (Lindqvist

paper by Irby (1994). Expert practitioners articulated their own
knowledge to medical students and residents to facilitate

development of ‘knowing-in-action” and this included ‘teach-
ing rounds’; i.e., case orientated instructional sessions held
predominantly in a hospital conference room with the ward
team. Three different methods are described: bedside teach-
ing, lecture teaching and iterative teaching. Although this is
called cased-based, it raises the question of the nature of cases
in terms of being based on real patients but also being taught
with real patients present. Many authors state that their cases
are based on authentic cases, though how they are actually
written and developed is not always described, but the patient
is not physically present in the classroom or online. Irby’s
method of bedside teaching is obviously different to this, as the
patient is physically present, though the patient is not present
in the lecture, only information about their case.

Topics for the CBL: Specific and generic learning
outcomes

The topics for the CBL in the papers are listed in Appendix 3.
As previously mentioned, only a proportion included learning
outcomes, either specific outcomes relating to topic/subject
goals or to more generic learning outcomes/goals. Examples
of the former topics or outcomes are: formulating a custom
oral rehabilitation plan for their own patient and to justify it
with confidence (Lechner et al. 2001); understanding of human
anatomy and physiology (Cliff 2000); implicit and explicit
learning outcomes with relation to radiology — the stated goal
was to learn about diffuse airways disease but implicit to learn
of difficulty of interpreting X-rays without clinical history
(Chew et al. 2005); there was also an example of an objective
that might be difficult to assess: increasing motivation for
anatomy (Scott 1994).

Examples of generic outcomes are: creating a culturally
competent approach to meeting the emotional and physical
needs of the families described in the case studies (Hilgenberg
& Schlickau 2002);
(Lindqvist et al. 2005); interdisciplinary working (Smith &
Christie 2004); critical thinking (Anderson & Helberg 2007;
DeSanto-Madeya 2007), diagnostics in clinical practice
(Anderson & Helberg 2007; Blewett & Kisamore 2009);
establishing priorities in cases (Bair 1980), group working
(Bair 1980), critical decision points (Choi et al. 2009); clinical
decision making (DeSanto-Madeya 2007; Critchley et al. 2009),
clinical problem-solving (Dupuis & Persky 2008), diagnostic

interprofessional learning outcomes

reasoning (Kopp et al. 2008); solving complex problems
(DeMarco et al. 2002; DeSanto-Madeya 2007); applying the
course concepts of stereotypes, prejudice and attribution to
case material, examining the interrelation between attitudes
and behaviours, and examining a societal implication of
prejudiced attitudes (Leonard et al. 2002) and the initial skills
required for the practice of evidence-based medicine
(Ferguson 2000).

We cannot infer that there were no defined learning
outcomes for interventions if they were not listed in the
papers, and we also cannot know if any defined outcomes
were only known by the educators. If defined by educators,
but not known to students, this fits with guided inquiry and
resembles PBL.

e427



J. E. Thistlethwaite et al.

Evaluation: Is CBL effective in
health professional education?

The majority of papers restricted their outcome evaluation to
level 1; some included faculty as well as student reaction and
feedback.

Level 1 — Student reaction

The majority of student feedback in relation to their CBL
experiences was very positive. Common words used to
describe their opinion were: liked/highly satisfied/stimu-
lated/motivated/challenged/helpful/of value/appreciated
(Novak 1971; Bernheimer et al. 1982; Engel & Hendricson
1994; Hansen & Krackov 1994; Scott 1994; Schwartz et al.
1994; Koh et al. 1995; Peplow 1996; Hong et al. 1998; Horsch
et al. 1999; Garvey et al. 2000; Richardson & Birge 2000;
Lechner et al. 2001; Maleck et al. 2001; DeMarco et al. 2002;
Mayo 2002; Quattrochi et al. 2002; Steinberg et al. 2002;
Tarnvik 2002; Trevena & Clarke 2002; Sutphen et al. 2003;
Massonetto et al. 2004; Simonsohn & Fischer 2004; Smith &
Christie 2004; Damjanov et al. 2005; Hansen et al. 2005; Hoag
et al. 2005; Lindqvist et al. 2005; Bezuidenhout et al. 2000;
Jamkar et al. 2006; Williams 2006; Wilson et al. 2006; Anderson
& Helberg 2007; Drakeford et al. 2007; Hakkarainen et al.
2007; Kolbt et al. 2007; Krockenberger et al. 2007; Owen et al.
2007; Stjernquist & Crang-Svalenius 2007; Canham Van Dijken
et al. 2008; Dupuis & Persky 2008; Blewett & Kisamore 2009;
Bowe et al. 2009; Braeckman et al. 2009; Critchley et al. 2009),
fun (Horsch et al. 2000), real-life relevance (Anderson &
Helberg 2007), gained in confidence (DeMarco et al. 2002), felt
achieved objectives (Koh et al. 1995), increased confidence in
planning management (Lechner et al. 2001), liked progression
within a case (Lechner et al. 2001), helped apply knowledge
(Loving & Siow 2005), involved deeper learning approach
(Schwartz et al. 1994), helped in learning factual material
(Schwartz et al. 1994), enhanced learning (Street et al. 2007)
and an effective means to learn concepts (Struck & Teasdale
2008). It was a valuable learning experience and they wanted
more (Anderson & Helberg 2007).

Students commented on the degree of creativity, challenge,
interest and enjoyment afforded through the case-study
method (Mayo 2002), and they stated it improved their
understanding (Rabe et al. 2007). In Mayo’s (2004) study, the
majority of students indicated that CBL stimulated academic
challenge, bolstered personal interest and involvement in the
subject matter and offered a sharply realistic perspective from
which to apply course content (Mayo 2004). CBL led to an
improvement in personal confidence (Peplow 1990). Students
commented that they thought there was a good link between
cases and real-life practice (Simonsohn & Fischer 2004) and
that they preferred CBL to more traditional presentations
(Struck & Teasdale 2008). Students gave a high score to CBL
for learning, understanding and clinical problem solving
(Sgjernquist & Crang-Svalenius 2007) while it made anatomy
more relevant (Hansen and Krackov 1994; Scott 1994; Peplow
1996), improved self-learning skills (Jamkar et al. 2006), was
valued as a first introduction to clinical skills (Hudson &
Buckley 2004), improved clinical skills (Jamkar et al. 2006) and
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better prepared them for clinical teaching (Waydhas et al.
2004). CBL helped students comprehend abstract course
material by providing concrete illustrations and opportunities
to verify their understanding of core concepts, and case studies
were both a welcome contrast and complement to lecture and
discussion methods (Leonard et al. 2002). Students enjoyed
applying and integrating course material using real-life situa-
tions (Leonard et al. 2002). CBL also improved students’
attitude to medical education (Jamkar et al. 2006).

Students’ self reports of learning were cited, often without
more objective evidence of change: for example, claims that
skills 2007).
Patterson (2006) studied students over four consecutive year

critical were enhanced (DeSanto-Madeya
groups of students; three of those four years reported
increased confidence in making problem lists and two of
those three years also reported increased confidence in
choosing appropriate diagnostic tests. Over six years of CBL,
80% of students stated that CBL promoted independent
learning and critical thinking (Krockenberger et al. 2007).
Garvey et al (2000) found that the majority of students agreed
that CBL was a worthwhile progression from PBL.

When CBL was delivered in small groups, the group
learning process itself was highly rated, but there is a problem
disentangling cause and effect due to confounders. For
example, Curran et al. (2008) found that students were
satistied with CBL but this seemed to be related more to the
group learning process rather than the CBL specifically.
Students became more positive towards several aspects of
the group activity and more generally towards group work
(Thurman et al. 2009). They felt that CBL improves commu-
nication through group discussion (Chan et al. 2008). In
Williams” (2009) study, the majority of students (74%) agreed
or strongly agreed that the discussion sessions facilitated
interaction between teaching staff and students, and 80% of
students agreed or strongly agreed that case-based learning
fostered more beneficial interaction between classmates.
Female students were more positive than males in initial
case discussions (Peplow 1998).

Online cases were popular, with the majority of students
preferring web-based cases to lectures (Krockenberger et al.
2007; Morrow 2010). For e-learning formats, the ease of use
was important in ensuring student satisfaction (Drakeford et al
2007); they liked computer-based cases (Boeker et al. 2005)
though navigation could be poor (Boeker et al. 2005), and
satisfaction was reduced if there were problems with the
learning platform (Hakkarainen et al. 2007).

In a few studies, there was a mixed reaction, both positive
and negative (Kaufert et al. 2010). Although some students
liked CBL, they were not sure it helped prepare them for
summative assessment (Blewett & Kisamore 2009) or to work
collaboratively (Stewart & Gonzalez 2006). A major source of
student dissatisfaction was work load (Schoeman et al. 2009)
and the adverse amount of time that was required for activities
(deSanto-Madeya 2007; Hakkarainen et al. 2007; Rodriguez-
Barbero & Lopez-Novoa 2008; Struck & Teasdale 2008), while
not having enough time frustrated students (Lechner et al.
2001). Students preferred small groups to large groups or
working on their own (Dupuis & Persky 2008) but also liked
larger collaborative groups in which they worked in pairs
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(Hilgenberg & Schlickau 2002). Some preferred more structure
(Dupuis & Persky 2008; Hilgenberg & Schlickau 2002), clearer
instructions (Hilgenberg & Schlickau 2002) and did not like the
ambiguity of learning tasks (Hakkarainen et al. 2007). Some
students struggled with self-directed learning, as this was the
first time they had had to do this (Rodriguez-Barbero & Lopez-
Novoa 2008). However, in one study, students in the unstruc-
tured group found their work to be more enjoyable than
students in the structured group (Sutyak et al. 1996). Radon
et al. (2000) found that students enjoyed CBL, but they did not
think it a replacement for more traditional teaching in the
classroom.

Process evaluation: Proxies of student reaction are attendance
and involvement, which are also examples of process evalu-
ation, i.e., the implementation of the intervention rather than
its impact (Pawson & Tilley 1997). Hoag et al. (2005) found
CBL resulted in better student attendance. Although there were
also results showing that most students completed more than
the required number of cases (Radon et al. 2000), in some
studies students did more cases only if they were mandatory
compared with voluntary (Hege et al. 2007) and when cases
were voluntary, not all students used them, in fact less than
60% (Critchley et al. 2009). Henning et al. (2006) used a simple
approach to discourse analysis following introduction of a
case-based approach, videoing three of the small groups of
students involved in the learning. One conclusion was that the
transition from lectures grew easier with each cycle of
instruction. Unsurprisingly, students participated in small
group discussion more if they were asked open ended
questions about the cases; questions about case content
tended to elicit shorter responses, whereas questions about
values resulted in longer, less technical answers. The results
said more about the group learning process and facilitation
than about the efficacy or learning potential of the cases
themselves.

Level 2 — Changes in attitudes or knowledge

As shown in Table 2, a smaller proportion of studies attempted
to assess students’” knowledge and/or attitudes through the use
of tests and surveys, and only a small number looked at
change in knowledge/attitudes through the use of preinterven-
tion and postintervention testing. In relation to attitudinal
assessment, some instruments were validated and others
derived specifically for the intervention. The papers that
included a control or comparison group will be described later.

Beech and Domer (2002) showed that knowledge of
physiology increased as demonstrated by a postintervention
test compared with a preintervention test, whereas Drakeford
et al. (2007) showed that students improved their knowledge
of asthma and inhaler management. Students’ competence in
performing three clinical reasoning skills also seemed to
improve over the course of the 15-week semester devoted to
CBL (Patterson 2006). Both Jamkar et al. (2006) and Dietrich
et al. (2010) showed increased knowledge scores. However, it
is hard to conclude that the CBL method itself alone was
responsible for the increased learning, as we would expect
knowledge to be enhanced by other teaching and learning
methods.

Faculty evaluation

As well as from students, some authors sought feedback from
faculty/teaching staff. Educators were positive (Hansen 1994;
Kaufert et al. 2010) and enjoyed CBL while feeling that it
achieved its objectives (Koh et al. 1995); it was welcomed as
an addition to conventional teaching methods (Reimer et al.
20006). There were differences of opinion in terms of resources.
Faculty could find the CBL programme time intensive (Jamkar
at al. 2006), particularly in terms of preparation (Hansen 1994).
In contrast the case-based approach was also said to require
only one faculty facilitator, and could be applied to a large
group, thus being less susceptible to intra-group problems
(Blewett & Kisamore 2009). Similarly, the overall impression of
Peplow’s (1996) study was that the programme had promoted
some of the favourable aspects of small-group learning, yet
was not demanding on staff-time.

Staff noted that students appeared to have more active
involvement in patient management (Jamkar et al. 2006) and
showed increased interest in the topic (Koh et al. 1995).
Hudson & Buckley (2004) commented that tutors believed that
cases provided a relaxed, nonthreatening environment, which
fostered confidence and allowed for the gradual emergence of
clinical skills, and believed that CBT was a learning environ-
ment that introduced students to clinical skills in a way that
built their confidence for future patient encounters. Faculty
considered CBL an effective learning tool for interprofessional
learning (Smith & Christie 2004).

Sutyak et al. (1998) found that faculty preferred unstruc-
tured cases, with room for students to go wrong; students
could make diagnostic and treatment mistakes without risk,
while also receiving immediate specific feedback on the
‘patient’s’” condition.

The efficacy of CBL: How it might
work?

A number of statements were made about the efficacy of CBL
and how it achieved its effectiveness, without empirical or
objective evidence being given, other than student feedback.
For example, Braeckman et al. (2009) stated that CBL is as
good as workplace visits with real patients as evaluated by
student self reports but gave no objective evidence of this. Cliff
(2006) based his conclusion on what were referred to as
unpublished oral reports from selected students obtained from
structured group interviews and stated that cases improved
students’ understanding of difficult physiology concepts.
These students indicated that the discussion of the case
during the study review was particularly valuable in helping
them overcome misconceptions about the subject material
(Cliff 2000).

Efficacy may not be related to sophistication of case
delivery as results of Rabe et al. (2007) indicated that, even in a
resource-constrained environment, the use of simple software
like PowerPoint could promote the identification and pursuit
of individual learning issues and help to better develop self-
directed learning skills.

Active participation in learning was a key theme. Students
thought that learning was enhanced by the group work
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(Dupuis & Persky 2008), whereas educators felt it encouraged
learner engagement (Engel & Hendricson 1994). Basic science
information could be learned and applied most effectively
when students participated actively in the process of acquiring
knowledge (Hansen 1994). CBL was said to aid the develop-
ment of applied reasoning skills (Mayo 2002) and higher order
thinking skills (Rybarczyk et al. 2007), while enhancing
students’” development of conceptual knowledge at a deeper
level of understanding, benefiting the application of that
knowledge across diverse cases and contexts. Thurman et al.
(2009) and Choi et al. (2009) found that students’ learning
styles did not influence their perceived learning experience
with case-based e-learning. However, there might be a
maturity effect as in one study graduate entry students
performed better in early CBL than did school leavers
(Peplow 1992).

The effectiveness of CBL seems to relate to the active
learning undertaken by students (as with inquiry-based
learning) and the application of knowledge acquired to
different cases, thus enhancing its relevance.

Quality papers involving single
cohorts

CBL intervention in radiology by Chew et al. (2005) involved
five online cases per week: the cases included the same X-ray
films but the brief history and examination given for each case
differed. The authors stated the method was based on that of
the HBS with an emphasis on experiential learning, with
students’ needing to make a diagnosis while coming to an
understanding that the history and examination of a patient are
fundamental for the correct interpretation of an X-ray and
formulation of a management plan.

Cliff (2006) used a CBL approach with the aim of
overcoming four common misconceptions relating to respira-
tory physiology. They concluded that in spite of the tenacity of
these ideas, the case-based approach led to some decrease in
their prevalence as determined by a pretest—posttest design.
The students indicated that the discussions about the cases
helped their understanding; however, there was a need for
further activities to dispel the myths completely.

A paper by Hakkarainen et al. (2007) describes an action
research project and is interesting because it includes data on
students creating video cases: simulations of possible social
situations related to open-ended real-life cases acted as the
starting point and context for learning. Data were collected in
relation to characteristics of meaningful learning, derived from
previously published models and in terms of the emotional
responses of the students, both positive and negative. Creating
cases meant the students were active and collaborative
learners, and the cases functioned as a bridge between their
learning and their working lives. Overall, they indicated
positive emotions while creating and learning from cases.
Students rated the online learning environment less well for
opportunities to collaborate, which may be a reflection of the
learning platform more than the case-based approach, as they
noted technical problems. They did not like the strict timetable
and the ambiguity of the learning tasks. However, the authors
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did not correlate ‘what’ the students learnt with how they felt
when they were learning it. So, while the students felt
motivated and positively engaged, there were no data as to
whether the product they produced was academically good
or poor.

Hansen et al (2005) results supported their previous
findings (1994) that CBL in general is more enjoyable and
that students are better able to see the connection between
knowledge and clinical practice. In this study, CBL was
defined as a variant of PBL and a small group activity for which
students were given six weeks to prepare a case presentation.

Hoag et al. (2005) set out to measure the effect of
introducing cases on critical thinking and other variables
such as student attendance at case-based sessions, as well as
student opinion. There was no measurable effect on critical
thinking as measured by a five-item multiple-choice question
(MCQ). The authors acknowledged methodological limitations
in the way they measured critical thinking, and suggested that
there might indeed be an increase but their methods could not
detect it. Although student attendance was significantly higher
for the case session as compared with lectures, the authors did
admit that attendance was mandatory at some of the case
sessions, which would obviously skew results. Students rated
the student/instructor interaction as being greater in the case
versus the lecture sessions. But this is not surprising, as
lectures have limited scope for interaction. Overall, students
and instructors liked the case sessions so the authors stated
that these were to be continued.

The value of these data from Krockenberger et al. (2007) is
that it is from four years of student and staff experience. For
the level 1 outcome survey, the response rate was 72%.
Students felt that web-based cases promoted understanding,
independent learning and critical thinking (80% of respon-
dents) and they liked these with only 8% preferring the time to
be given to lectures rather than cases.

The Simonsohn and Fischer (2004) paper was translated
from the German. Data were from experience of CBL over two
years. Feedback was collected from students first on paper and
then online. Students stated that the CBL increased their
motivation and that there was a good link between the cases
and real-life practice. Students preferred cases to lectures and
used the cases more when they were assessed on them, which
is not surprising.

An objective of the paper by Thurman at al. (2009) was to
explore how veterinary students learn from one another — the
nature of collaborative learning. Students were required to
work on a case in self-selected groups of six; small and large
animal cases were randomly assigned. Each group was
required to set their own learning objectives and to attend
two formal meetings with their teachers, three to four weeks
apart. In their evaluation, only one-third of the students made
spontaneous comments about collaborative or interactive
activities being effective for their overall learning. The students
became more positive towards several aspects of the group
activity and more generally towards group work as time
progressed. The students completed both preintervention and
postintervention questionnaires, but were not assessed indi-
vidually but rather on their group presentations.
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Evaluation involving comparison or
controls

Of these 32 papers, only 13 have been coded as good or
excellent. The latter will be discussed in more detail after a
brief description of the weaker papers under sub headings
referring to the Kirkpatrick levels.

Level 1

A study by Kolb et al. (2007) only compared Spanish and
German students’ views about occupational health as a topic
after they had studied online cases; Spanish students were
found to be more interested. Waydhas et al. (2004) had
students prior to surgical clinical bedside teaching either
receiving cases beforehand (intervention group) or not
receiving them in order to prepare for the teaching. Not
surprisingly, students in the intervention group stated that they
were on the whole better prepared for teaching and also said
their teachers were better prepared. Hege et al. (2007), using a
computer-based system, compared five different ways of
presenting cases: voluntary cases without added ‘motivation’
(i.e., students were not told the relevance of the cases to the
subsequent examinations); voluntary cases where the rele-
vance to the examination was made clear; mandatory cases;
learning by teaching (i.e., the students created the cases
themselves); a combined strategy (which seemed to be
integration with other teaching including PBL). This was a
weak study only looking at student acceptance of the method:
students liked some methods of case delivery but not others.
They did more of the cases in the mandatory group than in the
voluntary groups.

Level 2

The majority of papers found no differences between CBL
cohorts and either controls or students’ having other interven-
tions. Carrero et al. (2009) split their 68 students into two
groups for basic life support training and compared CBL with a
multimedia presentation. The intervention consisted of only
three cases: one case per hour for three hours. Both groups
increased their knowledge after the intervention. Gemmell
(2007) compared one year group having a new CBL curric-
ulum with the previous year group and found no difference in
examination scores between the two years. Peplow (1996) also
found no difference in marks in assessment between tradi-
tional and case teaching. Lyon et al. (1991) found no difference
in knowledge attained between CBL via computer cases and
the ‘control’ group who had access to the same cases on paper
but concluded that computer-based cases took less time to
complete than paper ones. Baumberger-Henry (2005) split the
students into three groups: co-operative learning and cases;
lecture and cases; lectures only; and found no difference
between the groups on examination scores or the students’
self-perception of problem-solving and decision making via
appropriate instruments. However, this project focused more
on describing the co-operative learning rather than the case
approach so results are inconclusive on the merits of the CBL.

Schwartz et al. (2007) compared the efficacy of HPS-based
(human patient simulator) training and CBL in medical
students and found no significant difference in outcomes as
measured by student performance on a chest pain objective
structured clinical examination (OSCE) evaluating chest pain
diagnosis and therapy. This was in contrast to Howard et al.
(2010) who compared interactive case studies (ICS) with HPS
work in acute care syndrome: the HPS group scored signif-
icantly higher after the intervention than before but the ICS
group actually scored lower afterwards compared with their
preintervention scores. One reason given was fatigue but this
does not really explain the results. Moreover the HPS students
agreed more strongly that their intervention stimulated critical
thinking and that the knowledge gained could be transferred
to the clinical setting.

In contrast, McBride & Prayson (2008) compared 32
students in one year group in the step 1 national United
States medical licensing examination with previous years and
found above-average performance in cell biology, histology
and pathology. Jamkar et al. (2006) found that students who
had additional CBL compared with controls scored better on a
postintervention written assessment. However, this was a short
report paper with little detail on numbers of students or the
evaluation. Mayo (2002, 2004) compared a standard lecture
format course with standard lecture plus case (psychology). In
the assessment, the CBL students did significantly better.
Dupuis and Persky (2008) compared student performance in
examinations after they had done one mandatory case and up
to five additional voluntary cases with scores from previous
years (historical controls) and found that marks for questions
relating to areas of the course covered by the cases were
significantly higher than the controls. However, scores for
questions that covered information presented using the
standard class format used in previous years were significantly
lower than the historical controls.

Maleck et al. (2001) compared 10 computer-based cases
with paper-based equivalents. Students were randomly allo-
cated to one of four study groups (three intervention and one
control) but for only one week’s duration. Group A had
computer-based cases with interactive elements, group B
computer-based cases with no interactivity, group C paper-
based cases and group D (control) no access to cases.
Although no difference in knowledge attainment was shown,
group C reported the highest level of concentration. A Chinese
study (Tian et al. 2008) with unclear data interpretation, also
compared four methods: pure explanation; explanation and
multimedia delivery; explanation and case-based teaching;
explanation, multimedia and case-based teaching. The case-
based delivery improved examination scores more than
multimedia alone but, perhaps not surprisingly, the last
method was best.

Sheehan et al. (2000) compared two groups of medical
students: one at the end of an academic year and one at the
beginning of the next year and found that the CBL was not
effective for emphasizing key concepts in surgery. However,
there is no explanation given for why this comparison was
undertaken nor of the nature of the case method used.

Sutyak et al. (1996; 1998) used CBL during surgical clinical
attachments and compared structured and unstructured cases.
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Students in the first and fifth rotations of third year were
randomly assigned to either. In the structured cases, students
analyzed a sequence of specific cases that presented
preorganized data requiring analysis with only one plausible
diagnosis. The unstructured cases were designed to encourage
concurrent consideration of multiple diagnoses while the
students elucidated the pertinent medical data. The structured
cases were said to teach pattern recognition of the preorga-
nized history, examination and laboratory data, whereas the
unstructured cases were said to attempt to teach the thought
pattern that recognizes pertinent history and examination
findings, relate them to other subject areas (not just the ‘topic
for the day’), and lead to a more limited number of medical
tests to formulate the proper diagnosis (Sutyak et al. 1996).
Students found the unstructured cases more enjoyable. The
results in terms of assessment are mixed and confusing in that
the authors recommended unstructured cases as the method of
preference although higher scores were obtained in the
examinations from those who underwent teaching via struc-
tured cases. An exception was for clinical reasoning where the
unstructured cases appeared more beneficial for nonsurgically
orientated students.

Richardson and Birge (2000) compared two groups, one of
which had an extra case-based hour and one which did not,
with a standard physiology assessment. Scores of the CBL
group were significantly higher compared with other students.
CBL did not cause any difference in attitudes pre and post an
interprofessional case-based intervention for groups versus
controls (Lindqvist et al. 2005).

Irby’s (1994) paper is a difficult one to classify. As
mentioned earlier in the text, it describes three methods of
case-based teaching and includes interviews with teachers
who used one of the methods plus observation of a teaching
session. So, there is a process evaluation plus a comparison of
sorts. However, the paper is very descriptive and the definition
of case-based teaching refers more to real patients as ‘cases’
rather than cases developed for learning purposes. Irby (1994)
discusses the teaching in terms of experiential learning but
does not compare in any qualitative judgmental way. The data
were empirical, however, in that it is based on staff interviews
and observation of process.

Significant papers involving
comparison or controls

Grauer et al. (2008) described an interesting randomised study
of student performance and evaluation comparing CBL/PBL
and lecture-based (LB) learning with students in large groups.
The authors called their approach a blended case-based/
problem-based approach to overcome the time concerns
associated with small-group PBL. The delivery described is
certainly more CBL than traditional PBL with a short introduc-
tion to each problem being provided by the instructor,
followed by case discussion. Students were given the history,
physical examination findings, blood and urinalysis results and
were asked to sequentially develop (1) a problem list, (2) a list
of differential diagnoses for each problem, (3) a hypothesis
diagnosis based on intersecting differential diagnoses and (4) a
list of additional diagnostic tests or treatments to prove or
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disprove the hypothesis. After this stepwise discussion, the
case was summarized and additional questions were posed by
the instructor as necessary to ensure complete coverage of the
problem as well as of the pathophysiology and other learning
objectives underlying the case presentation. Performance was
measured by a MCQ test immediately and four months after
the intervention. There was no significant difference between
scores across the two groups. A separate evaluation of student
perceptions showed some differences: although fewer CB/PB
students described their instruction as effective and they were
worried that they missed out on information that was shared
with the LB group, many reported having a better under-
standing of the material through this type of teaching and they
also declared an increased ability to solve real-world problems
because of the material they worked with. Both CB/PB and LB
students faced positive and challenging experiences in their
respective groups. Students were more familiar with the LB
format and felt more comfortable with this method of
pedagogy, classroom organization and expectations. CB/PB
students were more likely to access the lecture material online
than LB students, but there was no difference in the amount of
time they spent studying. Students from both groups indicated
that the most ideal learning environment would include both
LB and CB/PB applications. There were some methodological
limitations resulting in contamination across groups.

Katsikitis et al. (2002) compared PBL and CBL groups of
students’ learning about eating disorders by means of a
process evaluation as they observed student behaviour in the
groups. In terms of outcomes, there was no difference in
knowledge measured via examinations between the two
methods or learning. Srinivasan et al's. (2000) comparison,
students preferred CBL to PBL because CBL made better use of
time, led to fewer unfocused tangents and decreased outside
work and ‘busy’ work (defined as required work without
benefit). Half of the students thought CBL provided more
opportunity for clinical problem solving; more than half of the
faculty staff felt that CBL offered the opportunity to apply the
skills learned in the CBL sessions in different practice settings,
while more than half the faculty felt PBL offered more
opportunities for application of problem solving skills within
the session. Fewer than 5% of students and faculty felt that
there were no advantages to the CBL format. There were no
data reported in terms of level 2.

Rybarcyk et al. (2007) found that students in the case-based
group working with specific cases around physiology (cellular
respiration) did better in the final assessment than the
comparison group; however, they also found that the popular
misconception that some students have in this area of cellular
respiration was not corrected by the addition of the case
compared with the controls.

Damjanov et al. (2005) compared the scores on part 1 NBME
(National Board Medical Examinations in the United States) of
three different year groups: there was no difference with the
overall scores but the CBL students did better with the
pathology questions, which was the focus of the CBL.
However, Morrow et al. (2010) compared students’ NBME
examination scores in the academic year 2008-2009, who had
participated in CBL using web-based cases, with each of the five
previous years (no web-based cases). The one-way ANOVA
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analysis revealed no statistically significant differences.
Students scored equally well following either web-based
cases or traditional lectures.

Friedl et al. (2006) compared interactive, case-based
teaching (ICBT) with multimedia modules presenting content
systematically (SMM) and with print medium (PM), with SMM
and PM being historical controls. The ICBT group measured at
pretest was significantly less motivated and was feeling more
challenged. MCQ knowledge pretest was better with ICBT, but
post-test was equal. ICBT and SSM were found to be
significantly better than PM for learning related to operating
theatre standardized tasks and procedural understanding of
the operation.

Koles et al. (2005) carried out a comparison of established
case-based group discussion (CBGD) with team-based learn-
ing (TBL) using a crossover design so that all the students had
experience of both methods. The aims of this study were to
compare the effectiveness of TBL with CBGD as an active
learning strategy and to determine if either TBL or CBGD
improved learning for any subgroups of students. Prior to the
introduction of TBL, pathology instruction in year 2 consisted
of 81 hours of lecture time and 19 hours of CBGD distributed
across all courses. The CBGD consisted of a pathologist and
15-20 students discussing a clinical case that included history
and physical examination, imaging studies, laboratory test
data, gross and microscopic morphology of disease, with
open-ended questions embedded throughout the exercise.
The TBL exercises that were introduced consisted of similar
clinical case content and morphology of pathologic processes,
but were organised around several MCQs, inserted at critical
points in the development of the case, requiring groups of 5-6
students to make consensus judgments about the interpreta-
tion of data. A single pathologist facilitated the discussion
among all eight teams of students. The outcome data to
measure efficacy was the comparison of how students
assigned to either strategy performed on pathology questions
administered in end-of-course examinations. The results
showed no difference in examination scores across the student
groups. Analysis of examination performance of students in
the lowest and highest academic quartiles, however, showed
that students in the lowest academic quartile demonstrated less
deterioration of knowledge after active learning with TBL than
with CBGD as evidence by assessment results at mid-point and
end of the course. There was no difference in student
satisfaction with either method but students felt that TBL
enhanced the contributions of their peers to the learning
process. This study shows the difficulty of teasing out the
effects of educational interventions across different studies as
each institution defines CBL in different ways. In this study, the
results relating to satisfaction could be affected by group size:
the CBGD groups had three times as many students as the
TBL, allowing we can presume more interaction between the
students, but yet no increase in knowledge overall. However,
as the authors point out, it is not surprising that students in the
highest academic quartile showed no differences in knowl-
edge retention related to the method of learning, indicating
that the method of delivery is less important for high achieving
students than for those who struggle.

In a study to show what might help make CBL effective,
Richards and Inglehart (2006) compared CBL for dental
students with and without the presence of a behavioural
science instructor, hypothesizing that the students’ ratings of
the importance of patient-centred and culturally relevant
information would increase when they were drawing up a
problem list as well as planning a treatment with the instructor
present. This hypothesis was indeed supported by the results.
The students who were taught in what was described as an
interdisciplinary fashion (i.e., with behavioural science instruc-
tor) wrote more comments about patient-centred and cultur-
ally sensitive issues than the students who were taught without
the presence of a behavioural science instructor in the
classroom. This is of interest as it indicates that structured
rather than guided or open inquiry achieves better learning in
this context.

Kopp et al. (2008) looked at the effects of computer-based
cases involving errors on diagnostic reasoning by randomizing
students into four groups. Each case featured a fictional student
exploring the case with a fictional GP supervisor who gives
feedback: group 1 — student correctly diagnoses; group 2 —
student makes errors in diagnosis corrected by GP; group
3 GP — tutor gives elaborated feedback on correct/incorrect
decisions and group 4 — minimal feedback given. In the
postintervention knowledge test, greater improvement in
diagnostic reasoning was demonstrated by the groups where
errors were made and corrected by elaborated feedback. The
group where errors were made but minimal feedback was given
scored the worst on the posttest.

Longer term evaluation

Although a number of papers had student feedback and results
from more than one year of CBL, only one included a longer
term follow-up of the same student cohort. Dayal et al. (2008)
showed that knowledge gained about nutrition and history
taking continued from the intervention in year 3 to year 4 but
as there was no comparison group it is difficult to conclude
that this retention was due to the case-based method or would
not have been similar with other learning activities.

In what ways is CBL effective? How
does CBL promote learning?

We will consider these two questions together: first from the
perspective of the evidence in the papers and then in the
discussion, reflecting on this evidence to draw conclusions.
Authors used the following adjectives to describe the
nature of the students’ learning generated by the selected
methods: self-directed (Bair 1980),
(Baumberger-Henry 2005), interactive (Hong et al. 1998;
Blewett 2009), active (Chan 2008; Dupuis & Persky 2008),
experiential (Chew et al. 2005) and team (Blewett and

cooperative

Kisamore 2009). CBL was said to make use of limited
educational time (Bair 1980) and not to require direct
involvement by content experts (Drakeford et al. 2007).
Moreover, cases could be chosen to expand knowledge of
a condition or to discuss cases not exposed to in clinical
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settings (Morrow et al. 2010). Overall, the importance of
active and interactive learning was stressed as contributing
to efficacy, while CBL was considered a vehicle for the
transfer of learning from theory into clinical application.

Educators advocated for CBL as it provided opportunity for
reflection, an important part of the process (Irby 1994;
DeMarco et al. 2002) and allowed students to apply knowl-
edge from literature to patients (Garvey et al. 2000; Richards &
Inglehart 2000). It also required creativity, a reduced focus on
traditional lecture presentations and a dedication to encour-
aging students to use reasoning and decision-making skills
(Garvey et al. 2000). Hofsten et al. (2010) declared the
problem-solving process and free discussion with no obvious
correct or incorrect answers to be important.

A good summary for this question is that: ‘the [learning]
group focuses on creative problem solving with some advance
preparation, discovery is encouraged in a format in which both
students and facilitators share responsibility for coming to
closure on cardinal learning points (i.e., on the continuum
between structured and guided). Learners are presented with a
clinical problem and have time to struggle, define and resolve
the problem. However, when learners begin to explore
tangents, the facilitators use guiding questions to bring them
back to the main learning objective. Students may ask
questions of local experts during the session’ (Srinivasan
et al. 2007, p. 74).

Summary of answers to research
questions

(1) How is CBL defined?

CBL is learning and teaching approach that aims to prepare
students for clinical practice, through the use of authentic
clinical cases. These cases link theory to practice, through the
application of knowledge to the cases, and encourage the use
of inquiry-based learning methods.

(2) What methods of CBL are used and advocated?

Typically, CBL takes place in small face-to-face groups but
may also take place online and, less commonly by individuals
and in large groups.

(3) What are students’ and educators’ views on CBL?
Both students and educators are very positive about CBL.
(4) Is CBL effective in health professional education?

Yes — but there is patchy and inconclusive evidence that it
is more effective than other methods.

(5) In what ways is CBL effective?
(6) How does CBL promote learning?

CBL promotes learning through the application of knowl-
edge to clinical cases by students, enhancing the relevance of
their learning and promoting their understanding of concepts.
Students prefer an inquiry-based approach on the continuum
between
open (Figure 1).
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structured and guided learning rather than

Limitations of the papers

Overall, there were a lot of gaps in the primary studies eligible
for review relating to student numbers, outcomes, hard
evidence (empirical data rather than description), longer
term evaluation and sustained delivery. Conclusions were
often drawn without adequate findings to back these up. There
was very little detail about the nature of the cases and how
they were developed. Some of these limitations may be due to
word count restrictions. Often it was difficult to ascertain what
differences authors perceived between CBL and PBL when
comparing these methods; there was often an assumption that
readers would know what PBL entailed.

Discussion and conclusions

A good description of the goal of a CBL approach is:

‘The advantages of the case-based method are the
promotion of self-directed learning, clinical reason-
ing, clinical problem-solving, and decision making
by providing repeated experiences in class with a
collegial infrastructure and by focusing the student
on the complexity of clinical care’ (Richards &
Inglehart 2006, p. 284).

How well CBL actually does promote these outcomes is not
clear. However, the evidence we have summarised in the
results does show that CBL encourages students to integrate
their learning in the context of authentic clinical scenarios
involving individual or groups of patients (Bair 1980).
However, these benefits come with the cost of changing
traditional roles and responsibilities of student and teacher to
make the most of CBL (Sutyak et al. 1996).

How do students learn via CBL?

The learning theories applied to CBL derive mainly from adult-
learning and inquiry-based learning approaches. Thus, CBL
promotes a deep learning approach (Hofsten et al. 2007), with
active (Stewart & Gonzalez 2006; Chan et al. 2008) and
meaningful (Hakkarainen et al. 2007) learning. By emphasiz-
ing the active and interactive components of the learning
process, CBL blends aspects of the cognitive and social
constructivist models of teaching and learning (Mayo 2004). Tt
enables students to see the direct relevance (Koh et al. 1995)
and logical direction (Krockenberger et al. 2007)of the
information to be learnt for their goal of clinical practice, so
that they are more highly motivated and are more likely to
remember such information (Hong et al. 1998). CBL facilitates
the development of reflective thinking and deeper conceptual
understanding (Schwartz et al 1994).

What is the evidence that CBL allows students to learn in a
more effective way than via other more traditional methods?
The short answer is there is little good and reliable evidence.
Those studies that have compared the effect of CBL with other
methods on knowledge and behaviour of learners have
generally shown no significant difference  between
approaches. Even when a difference has been shown, there
are often methodological problems with the study, casting
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some doubt on the reliability of findings. This is a consistent
problem in medical education research, where lack of meth-
odological rigour, poorly controlled confounders, incomplete
reporting of variables and imprecisely defined outcomes make
comparison between studies very difficult or impossible.

More reliable, however, are the studies that have
shown that students enjoy CBL and are better able to connect
theory to clinical practice (Hansen 2005) as well as
improvements in the engagement of students, with CBL
fostering more active and collaborative learners (e.g.,
Hakkarainen et al. 2007).

These factors are clearly important, but what are the
advantages of CBL in comparison with other learning methods?
Some of the evidence we have gathered includes that CBL

can be:

‘...used in the classroom to expose nursing students
to a variety of clinical situations where decisions can
be creatively controlled and designed without caus-
ing potential harm to the patient’ (Baumberger-
Henry 2005, p. 239).

Moreover, the development of cross-disciplinary cases
minimises duplication in teaching materials (Chan et al.

Confirmation —
reinforce previously
introduced idea

Structured — case,
questions, outcomes
provided by teacher

CBL: case and outcomes
provided, students choose
learning methods !

Guided — case only
provided to students,
who generate own
outcomes, hypotheses
and learning activities

Open — students generate
own cases, outcomes,
hypotheses and learning
methods

Student learning in CBL on an inquiry-based continuum (adapted from Entwistle 2009 and Banchi & Bell 2008).

2008), and enhances communication between and
engagement of faculty members in various disciplines

(Chan et al. 2008).

When compared with PBL

‘(CBL) helps focus the learners on the key points of a clinical
case and encourages a structured approach to clinical
problem-solving while allowing facilitators to correct any
incorrect assumptions of the learner, which does not always
happen in PBL’ (Dupuis & Persky 2008, p. 1) and there is more
advanced preparation required for CBL (Srinivasan et al. 2007).

CBL methods were also thought to require less time and be
more efficient in disseminating large amounts of material
within relatively short time frames than PBL (Grauer et al.
2008).

Taken together, these findings allow us to draw some
conclusions about CBL:

e Students enjoy CBL and think that it helps them learn better.
Whether this is reflected in assessment results is far from
increased
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clear; however, enjoyment can lead to
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engagement and motivation for learning, which in itself is a
desirable and positive effect.

e Teachers enjoy CBL. As well as potentially making better use
of teaching time available, more engaged and motivated
students make for a more enjoyable teaching experience.

e CBL provides an opportunity to introduce interprofessional
learning.

e CBL appears to foster effective learning in small groups,
possibly through the effect of having more engaged
learners, but perhaps also through having more structured
learning activities closely linked to authentic clinical prac-
tice scenarios.

e Online CBL can work well providing attention is paid to the
online learning environment.

Limitations of the review

Knowing from our experience of the health education
literature and our reading of published BEME reviews that
there is often a paucity of rigorous empirical data relating to
effectiveness of educational interventions, we decided to have
wide inclusion criteria and not limit this review to medical
education. This resulted in a diverse range of papers focusing
on CBL, giving richer data but making synthesis of findings
more difficult. Our grading of papers in relation to their
‘quality’ and significance was to some extent subjective,
though we had good agreement and included only those
papers in the final 23 on which two of the TRG agreed. As
noted in previous BEME reviews, there is always a possibility
of publication bias affecting pooling of data but we did find
that most of the papers including comparison data did not
show any positive affects of CBL over other methods.

The variation in the naming and definition of CBL,
particularly in comparison to PBL, is likely to have led to our
missing relevant papers and highlights the need for consensus
on terminology in this area.

Recommendations for further
research

We have provided a definitions of CBL based on an analysis of
definition in the literature and a theoretical framework for its
effectiveness in terms of inquiry-based learning. Further
exploration into the effectiveness and impact of CBL requires
agreement on the definition, and methodologies that allow a
better qualitative understanding of how students learn from
cases rather than focusing on whether CBL is better than other
educational interventions. Example lines of inquiry could be:
how much structure is required? Does this vary as students
mature? Are there are differences in the ways in which cases
are prepared and presented? How authentic do cases need to
be? How well do cases prepare students for clinical experi-
ence? How do they facilitate the translation of theory and
knowledge into practice? Do cases extend or limit students’
clinical reasoning by suggesting a single diagnosis per
presentation?

€436

Acknowledgement

The authors acknowledge Diane Clay who conducted the
searches for the review.

Declaration of interest: The authors report no conflicts of
interest. The authors alone are responsible for the content and
writing of the article.

Notes on contributors

JILL ELIZABETH THISTLETHWAITE (lead reviewer), BSc, MBBS, PhD,
MMEd, FRCGP, FRACGP, Professor of Medical Education, School of
Medicine, University of Queensland, Brisbane, Australia.

DAVID DAVIES, PhD, Reader in Medical Educaion, Academic lead for
e-learning, Warwick Medical School, University of Warwick, Coventry, UK.

SAMILIA EKEOCHA, BSc, 3rd year medical student, Warwick Medical
School, University of Warwick, Coventry, UK.

JANE KIDD, PhD, Director of Education Research and Development,
Warwick Medical School, University of Warwick, Coventry, UK.

COLIN FRANCIS MACDOUGALL, MBBS MClinEd, Deputy director of the
MB ChB programme, Warwick Medical School, University of Warwick,
Coventry, UK.

PAUL MATTHEWS, BSc, MBBS, FRCPath, Phase 2 coordinator of the MB
ChB programme, Warwick Medical School, University of Warwick,
Coventry, UK.

JUDITH PURKIS, PhD, BA (hons), Senior research and teaching fellow.
University of Warwick, Coventry, UK

References

Barrows H, Tamblyn R. 1980. Problem-based learning: An approach to
medical education. New York: Springer.

Banchi H, Bell R. 2008. The many levels of inquiry-based learning. Sci Child
46:26-29.

Entwistle N. 2009. Teaching for Understanding at University. Deep
approaches and distinctive ways of thinking. Basingstoke: Palgrave
Macmillan.

Harvard Business School. 2011. [Accessed July 2011] Available from http://
www.hbs.edu/mba/academics/howthecasemethodworks.html

Herreid CF. 1997/98. What makes a good case? ] Coll Sci Teach 27:163-165.

Kirkpatrick D. 1967. Evaluation of training. In: Craig R, Bittel L, editors.
Training and development handbook. New York: McGraw Hill.
pp 131-167.

Marton F, Siljo R. 1997. Approaches to learning. In: Marton F, Hounsell DJ,
Entwistle NJ, editors. The experience of learning. 2nd ed. Edinburgh:
Scottish Academic Press. pp 39-58.

Pawson R, Tilley N. 1997. Realistic evaluation. London: Sage Publications.

Popjay J, Baldwin S, Arai L, Britten N, Petticrew M, Rodgers M, Sowden A.
2007. Methods Briefing 22. Narrative synthesis in systematic reviews.
[Accessed December 2011] Available from www.ccsr.ac.uk

Sturdy S. 2007. Scientific Method for Medical Practitioners: The case method
of teaching pathology in early twentieth-century Edinburgh. Bull Hist
Med 81(4):760-792.

Queen’s University. 2011. [Last accessed July 2011] Available from http://
www.queensu.ca/ctl/goodpractice/case/index.html

References of included review
papers

Anderson SM, Helberg SB. 2009. Chart-based, case-based learning. S D Med
60(10):391.

Bair CW. 1980. Teaching community diagnosis to medical students:
Evaluation of a case study approach. J] Community Health 6(1):54-64.



BEME Guide: Effectiveness of case-based learning

Baumberger-Henry M. 2005. Cooperative learning and case study: Does the
combination improve students’ perception of problem-solving and
decision making skills? Nurse Educ Today 25(3):238-247.

Beech DJ, Domer FR. 2002. Utility of the case-method approach for the
integration of clinical and basic science in surgical education. J Cancer
Educ 17(3):161-164.

Bernheimer E, Scully TJ, Baldwin DC, Rowley BD. 1982. Teaching
community agency referrals to medical students: The case method
approach. ] Med Educ 57(9): 718-719.

Bezuidenhout J, Wasserman E, Mansvelt E, Meyer C, van Zyt G, Orth H,
Els A. 2000. Clinical rotation in pathology: Description of a case based
approach. J Clin Pathol 59(4):355-359.

Blewett EL, Kisamore JL. 2009. Evaluation of an interactive, case-based
review session in teaching medical microbiology. BMC Med Educ 9:56.

Boeker M, Muller C, Klar R, Lutterbach J. 2005. OncoCase: Interdisciplinary
case based teaching in Neuro-Oncology based on the campus platform.
AMIA Annu Symp Proc 898.

Bowe CM, Voss J, Aretz HT. 2009. Case method teaching: An effective
approach to integrate the basic and clinical sciences in the preclinical
medical curriculum. Med Teach 31(9):834-841.

Braeckman L, Bekaert M, Cobbaut L, De Ridder M, Glazemakers J, Kiss
Philippe. 2009. Workplace visits versus case studies in undergraduate
occupational  medicine Occup  Environ  Med
51(12):1455-1459.

Canham Van Dijken P, Thévoz P, Jucker-Kupper P, Feihl F, Bonvin R,
Waeber B. 2008. Evaluation of an online, case-based interactive
approach to teaching pathophysiology. Med Teach 30(5):e131-e130.

Carrero E, Gomar C, Penzon W, Fabregas N, Valero R, Sanchez-Etayo G.
2009. Teaching basic life support algorithms by either multimedia
presentations or case based discussion equally improves the level of

teaching. J

cognitive  skills of undergraduate medical students. Med Teach
31(5):e189-e195.

Chan WP, Hsu CY, Hong CY. 2008. Innovative “Case-Based Integrated
Teaching” in an undergraduate medical curriculum: Development and
teachers’ and students’ responses. Ann Acad Med Singapore
37(11):952-956.

Chew FS, Ochoa Jr, Relyea-Chew . ER, A. 2005. Application of the case
method in medical student radiology education. Acad Radiol
12(6):746-751.

Choi I, Lee §J, Kang J. 2009. Implementing a case-based e-learning
environment in a lecture-oriented anaesthesiology class: Do learning
styles matter in complex problem solving over time? Br ] Educ Technol
40(5):933-947.

Cliff WH. 2006. Case study analysis and the remediation of misconceptions
about respiratory physiology. Adv Physiol Educ 30(1-4):215-223.

Critchley LAH, Kumta SM, Ware J, Wong JW. 2009. Web-based formative
assessment case studies: Role in a final year medicine two-week
anaesthesia course. Anaesth Intensive Care 37(4):637-645.

Curran VR, Sharpe D, Forristall J, Flynn K. 2008. Student satisfaction and
perceptions of small group process in case-based interprofessional
learning. Med Teach 30(4):431-433.

Damjanov I, Fenderson BA, Hojat M, Rubin E. 2005. Curricular reform may
improve students’ performance on externally administered compre-
hensive examinations. Croat Med J 46(3):443-448.

Dayal AK, Van Eerden P, Gillespie L, Katz NT, Rucker L, Rosett JW. 2008.
Case-based nutrition teaching for medical students. ] Nutr Educ Behav
40(3):191-192.

DeMarco R, Hayward L, Lynch M. 2002. Nursing students’ experiences with
and strategic approaches to case-based instruction: A replication and
comparison study between two disciplines. J Nurs Educ 41(4):165-174.

DeSanto-Madeya S. 2007. Using case studies based on a nursing conceptual
model to teach medical-surgical nursing. Nurs Sci Q 20(4):324-330.

Dietrich JE, De Silva NK, Young AE. 2010. Reliability study for pediatric and
adolescent gynecology case-based learning in resident education.
J Pediat Adolesc Gynecol 23(2):102-106.

Drakeford PA, Davis AM, van Asperen PP. 2007. Evaluation of a paediatric
asthma education package for health professionals. J Paediatr Child
Health 43(5):342-352.

Dupuis RE, Persky AM. 2008. Use of case-based learning in a clinical
pharmacokinetics course. Am J Pharm Educ 72(2):Article 29.

Engel FE, Hendricson WD. 1994. A case-based learning model in
orthodontics. ] Dent Educ 58(10):762-767.

Ferguson KJ. 2006. Beyond multiple-choice questions: Using case-based
learning patient questions to assess clinical reasoning. Med Educ
40(11):1143.

Friedl R, Hoppler H, Ecard K, Scholz W, Hannekum A, Oechsner W,
Stracke S. 2006. Comparative evaluation of multimedia driven,
interactive, and case-based teaching in heart surgery. Ann Thorac
Surg 82(5):1790-1795.

Garvey MT, O'Sullivan M, Blake M. 2000. Multidisciplinary case-based
learning for undergraduate students. Eur ] Dent Educ 4(4):165-168.
Gemmell HA. 2007. Comparison of teaching orthopaedics using an
integrated case-based curriculum and a conventional curriculum:

A preliminary study. Clin Chiropr 10(1):36—43.

Grauer GF, Forrester SD, Shuman C, Sanderson MW. 2008. Comparison of
student performance after lecture-based and case-based/problem-
based teaching in a large group. J Vet Med Educ 35(2):310-317.

Hakkarainen P, Saarelainen T, Ruokamo H. 2007. Towards meaningful
learning through digital video supported, case based teaching.
Australas ] Educ Technol 23(1):87-109.

Hansen JT, Krackov SK. 1994. The use of small group case-based exercises
in human gross anatomy: A method for introducing active learning in a
traditional course format. Clin Anat 7(6):357-366.

Hansen WF, Ferguson KJ, Sipe CS, Sorosky J. 2005. Attitudes of faculty and
students toward case-based learning in the third-year obstetrics and
gynecology clerkship. Am J Obstet Gynecol 192(2):644-647.

Hege I, Ropp V, Adler M, Radon K, Masch G, Lyon H, Fischer MR. 2007.
Experiences with different integration strategies of case-based
e-learning. Med Teach 29(8):791-797.

Henning JE, Nielsen LE, Hauschildt JA. 2006. Implementing case study
methodology in critical care nursing: A discourse analysis. Nurse Educ
31(4):153-159.

Hilgenberg C, Schlickau J. 2002. Building transcultural knowledge through
intercollegiate collaboration. J Transcult Nurs 13(3):241-248.

Hoag K, Lillie J, Hoppe R. 2005. Piloting case-based instruction in a didactic
clinical immunology course. Clin Lab Sci 18(4):213-220.

Hofsten A, Gustafsson C, Haggstron E. 2010. Case seminars open doors to
deeper understanding — Nursing students’ experiences of learning.
Nurse Educ Today, 30(6): 533-539.

Hong CY, Chan LW, Lim LH, Chan SY. 1998. Case studies in community
pharmacy: The contribution of family physicians to the teaching of
community pharmacy. Med Teach 20(5):476-479.

Horsch A, Balbach T, Hogg M, Sturm F, Minov C. 1999. The
case-based Internet textbook ODITEB for multi-modal diagnosis of
tumors — Development, features and first experiences. Stud Health
Technol Inform 68:513-516.

Horsch A, Balbach T, Melnitzki S, Knauth J. 2000. Learning tumor
diagnostics and medical image processing via the WWW — The case-
based radiological textbook ODITEB. Int J Med Inform 58-59:39-50.

Howard VM, Ross C, Mitchell AM, Nelson GM. 2010. Human patient
simulators and interactive case studies: A comparative analysis of
learning outcomes and student perceptions. Comput Inform Nurs
28(1):42-49.

Hudson JN, Buckley P. 2004. An evaluation of case-based teaching:
Evidence for continuing benefit and realization of aims. Adv Physiol
Educ 28(1-4):15-22.

Irby DM. 1994. Three exemplary models of case-based teaching. Acad Med
69(12):947-953.

Jamkar A, Yemul V, Singh G. 2000. Integrated teaching programme with
student-centred case-based learning. Med Educ 40(5):466-467.

Katsikitis M, Hay PJ, Barrett R, Wade T. 2002. Problem- versus case-based
approaches in teaching medical students about eating disorders: A
controlled comparison. Educ Psychol 22(3):277-283.

Kaufert J, Wiebe R, Schwartz K, Labine L, Lutfya ZM, Pearse C. 2010. End-
of-life ethics and disability: Differing perspectives on case-based
teaching. Med Health Care Philos 13(2):115-126.

Koh D, Chia KS, Jeyaratnam SE, Singh J. 1995. Case studies in occupational
medicine for medical undergraduate training. Occup Med (Oxford)
45(1):27-30.

Kolb S, Reichert J, Hege I, Prami G, Bellido MC. 2007. European
dissemination of a web- and case-based learning system for

e437



J. E. Thistlethwaite et al.

occupational medicine: NetWoRM Europe. Int Arch Occup Environ
Health 80(6):553-557.

Koles P, Nelson S, Stolfi A, Permelee D, DeStephen D. 2005. Active learning
in a year 2 pathology curriculum. Med Educ 39(10):1045-1056.

Kopp V, Stark R, Fischer MR. 2008. Fostering diagnostic knowledge through
computer-supported, case-based worked examples: Effects of erro-
neous examples and feedback. Med Educ 42(8):823-829.

Krockenberger MB, Bosward KL, Canfield PJ. 2007. Integrated case-based
applied pathology (ICAP): A diagnostic-approach model for the
learning and teaching of veterinary pathology. ] Vet Med Educ
34:396—408.

Kumagai AK, Kakwan M, Sedige S, Dimagno MM. 2010. Actors’ personal
stories in case-based multicultural medical education. Med Educ
44(5):506-507.

Lechner SK, Thomas GA, Bradshaw M, Lechner KM. 2001. Planning oral
rehabilitation: Case-based computer assisted learning in clinical
dentistry. Br Dent J 191(3):152-156.

Leonard JA, Mitchell KL, Meyers SA, Love JD. 2002. Using case studies in
introductory psychology. Teach Psychol 29(2):142-144.

Lindqvist S, Duncan A, Shepstone L, Watts F, Pearce S. 2005. Case-based
learning in cross-professional groups — The development of a pre-
registration interprofessional learning programme. J Interprof Care
19(5):509-520.

Loving GL, Siow P. 2005. Use of an online case study template in nursing
education. J Nurs Educ 44(8):387-388.

Lyon Jr HC, Healy JC, Bell JR, O’'Donnell JF, Shultz EK. 1991. Significant
efficiency findings while controlling for the frequent confounders of
CAI research in the PlanAlyzer project's computer-based, self-paced,
case-based programs in anemia and chest pain diagnosis. J] Med Syst
15(2):117-132.

Maleck M, Fischer MR, Kammer B, Zeiler C, Mangel E, Schenk F, Pfeifer K-J.
2001. Do computers teach better? A media comparison study for case-
based teaching in radiology. Radiographics 21(4):1025-1032.

Massonetto JC, Marcellini C, Assis PSR, de Toledo SF. 2004. Student
responses to the introduction of case-based learning and practical
activities into a theoretical obstetrics and gynaecology teaching
programme. BMC Med Educ 4(1):26.

Mayo JA. 2002. Case-based instruction: A technique for increasing
conceptual application in introductory psychology. J Constr Psychol
15(1):65-74.

Mayo JA. 2004. Using case-based instruction to bridge the gap between
theory and practice in psychology of adjustment. J Constr Psychol
17(2):137-146.

McBride JM, Prayson RA. 2008. Development of a synergistic case-based
microanatomy curriculum. Anat Sci Educ 1(3):102-105.

Morrow JB, Sepdham D, Snell L, Lindeman C, Dobbie A. 2010. Evaluation
of a web-based family medicine case library for self-directed learning in
a third-year clerkship. Fam Med 42(7):496-500.

Novak RF. 1971. Developing case studies for the teaching of clinical
pathology. J Med Educ 46(7):622-624.

Owen C, Ryall M-A, Corrigan G. 2007. Case-based learning: Developing
patient- and student-centred learning. Med Educ 41:508-509.

Patterson JS. 2000. Increased student self confidence in clinical reasoning
skills associated with case-based learning (CBL). J Vet Med Educ
33(3):426-431.

Peplow P. 1996. Videoconferencing for small-group discussion sessions of
a case-based learning programme in anatomy. Med Teach 18(4):309.

Peplow P. 1998. Attitudes and examination performance of female and
male medical students in an active, case-based learning programme in
anatomy. Med Teach 20(4):349-355.

Peplow PV. 1990. Self-directed learning in anatomy: Incorporation of case-
based studies into a conventional medical curriculum. Med Educ
24(5):426-432.

Peplow PV. 1992. Students’ written reports as an essential part of a case-
based learning programme in anatomy. Med Educ 26(6):462-465.
Quattrochi JJ, Pasquale S, Cerva B, Lester JB. 2002. Learning Neuroscience:
An Interactive Case-Based Online Network (ICON). J Sci Educ Technol

11(1):15-38.

Rabe MB, Cadorna-Carlos J. 2007. Hyperlinked case presentation to
promote self-directed learning. Med Educ 41(5):511.

€438

Radon K, Kolb S, Reichert J, Baumesiter T, Fuchs R, Hege I, Prami G,
Fischer M, Nowak D. 2006. Case-based E-learning in occupational
medicine — The NetWoRM project in Germany. Ann Agric Environ Med
13(1):93-98.

Reimer S, Hornlein A, Tony H-P, Kraemer D, Oberuck S, Betz C, Puppe F,
Kneitz C. 2006. Assessment of a case-based training system
(d3web.Train) in rheumatology. Rheumatol Int 26(10):942-948.

Richards PS, Inglehart MR. 2006. An interdisciplinary approach to case-
based teaching: Does it create patient-centered and culturally sensitive
providers? J Dent Educ 70(3):284-291.

Richardson D, Birge B. 2000. Effects of an applied supplemental course on
student performance in elementary physiology. Adv Physiol Educ
24(1):56-61.

Rodriguez-Barbero A, Lopez-Novoa JM. 2008. Teaching integrative
physiology using the quantitative circulatory physiology model and
case discussion method: Evaluation of the learning experience. Adv
Physiol Educ 32:304-311.

Rybarczyk BJ, Baines AT, McVey M, Thompson JT, Wilkins H. 2007. A case-
based approach increases student learning outcomes and comprehen-
sion of cellular respiration concepts. Biochem Mol Biol Educ
35(3):181-180.

Schoeman JP, van Schoor M, ven der Merwe LL, Meintjes RA. 2009. A case-
based, small-group cooperative learning course in preclinical veterinary
science aimed at bridging basic science and clinical literacy. J S Afr Vet
Assoc-Tydskrif  Van Die Suid-Afrikaanse Veterinere Vereniging
80(1):31-30.

Schwartz LR, Fernandez R, Kouyoumjian SR, Jones KA, Compton S. 2007. A
randomized comparison trial of case-based learning versus human
patient simulation in medical student education. Acad Emerg Med
14(2):130-137.

Schwartz PL, Egan AG, Heath CJ. 1994. Students’ perceptions of course
outcomes and learning styles in case — Based courses in a traditional
medical school. Acad Med 69(6):507.

Scott TM. 1994. A case-based anatomy course. Med Educ 28(1):68-73.

Sheehan MK, Gabram SG, Minks KD, Fisher SG, Aranha GV, Gamelli RL.
2000. How well do third-year medical students learn key objectives in a
case-based surgical lecture series? Am Surg 66(5):470-475.

Simonsohn AB, Fischer MR. 2004. Evaluation of a case-based computerized
learning program (CASUS) for medical students during their clinical
years. Dtsch Med Wochenschr 129(11):552-556.

Smith Jr AR, Christie C. 2004. Facilitating transdisciplinary teamwork in
dietetics education: A case study approach. J Am Diet Assoc
104(6):959-962.

Srinivasan M, Wilkes M, Stevenson F, Nguyen T, Slavin S. 2007.
Comparing problem-based learning with case-based learning:
Effects of a major curricular shift at two institutions. Acad Med
82(1):74-82.

Steinberg DM, Chan TY, Freedman JA, Grimm LA, Ling L, Lehmann HP,
Burroughs FH, Rosenthal DL, Ali SZ. 2002. Teaching cytopathology to
second-year medical students. An interactive, case-based approach.
Acta Cytol 46(3):481-489.

Stewart SR, Gonzalez LS. 2006. Instruction in professional issues using a
cooperative learning, case study approach. Commun Disord Q
27(3):159-177.

Stiernquist M, Crang-Svaleniu E. 2007. Problem based learning and the case
method — Medical students change preferences during clerkship.
Med Teach 29(8):814-820.

Street KN, Eaton N, Clarke B, Ellis M, Young PM, Hunt L, Emond A. 2007.
Child disability case studies: An interprofessional learning opportunity
for medical students and paediatric nursing students. Med Educ
41(8):771-780.

Struck BD, Teasdale TA. 2008. Development and evaluation of a
longitudinal Case Based Learning (CBL) experience for a geriatric
medicine rotation. Gerontol Geriatr Educ 28(3):105-114.

Sutphen SM, Cibula DA, Morrow CB, Epling JW, Novick LF. 2003.
Evaluation of a preventive medicine curriculum: Incorporating a case-
based approach. Am J Prev Med 24(4 Suppl):90-94.

Sutyak JP, Lebeau RB, O'Donnell AM. 1998. Unstructured cases in case-
based learning benefit students with primary care career preferences.
Am ] Surg 175(6):503-507.



BEME Guide: Effectiveness of case-based learning

Sutyak JP, Lebeau RB, Spotnitz AJ, O’'Donnell AM, Mehne PR. 1996. Role of
case structure and prior experience in a case-based surgical clerkship.
Am J Surg 172(3):286-290.

Tarnvik A. 2002. Advantages of using the multiple case method at

the  clinical stage of medical education. Med Teach

24(4):396-401.

Thurman J, Volet SE, Bolton JR. 2009. Collaborative, case-based learning:
How do students actually learn from each other? J Vet Med Educ
36(3):297-304.

Tian SZ, Zhang JG, Xiao Q, Zhai J, Xiaolin Y, Mingi H. 2008.
Comprehensive application of multimedia based on case-based
teaching mode in otolaryngology clincial teaching. 2008 International
Conference on Multimedia and Information Technology, Proceedings.
pp. 731-734.

Trevena LJ, Clarke RM. 2002. Self-directed learning in population health. A
clinically relevant approach for medical students. Am ] Prev Med
22(1):59-65.

Appendix 1: Search Syntax

Medline and EMBASE search syntax:

(1) Case-based.ti. (919)
(2) case stud*.ti. (38110)
(3) case method*.ti. (149)
(4) 1or2or3(39176)
(5) (learning or teaching or instruction®).ab,ti. (436868)
(6) 4 and 5 (1978)
(7)  collaborative learning.ab,ti. (440)
(8) self directed learning.ab,ti. (1715)
(9) active learning.ab,ti. (1208)
(10) 7 or 8 or 9 (3321)
(11) case-based.ab. (2876)
(12) 10 and 11 (71)
(13)  (case study or case studies).ab. (51063)
(14) 10 and 13 (101)
(15) case method*.ab. (738)
(16) 10 and 15 (4)
(17) 12 or 14 or 16 (174)
(18) 6 or 17 (2103)
(19) limit 18 to (english language and humans and
yr=":1965 to Current’) (1539)
(20)  exp Education, Medical/(311305)
(21) 19 and 20 (359)
(22) remove duplicates from 21 (244)

For ASSIA the search syntax was:

Query:  (((TI=(Case-based)) or(TI=(Case stud*))
or(TI = (Case method*)))
and((TT=(learning or teaching or instruction*))

or(AB = (learning or
teaching or instruction*)))) or((TI = ((Collaborative learn-
ing) or (self
directed
AB = ((Collaborative learning)

learning) or (active learning)) or

or (self directed (active
and(AB = ((case-based)

or (case stud®) or (case method®))))) and((DE = ‘medical
education’)

or(TI = (Law or legal) and TI = education) or(AB = (Law or

learning) or learning)))

legal) and

Waydhas C, Taeger G, Zettl R, Oberback R, Nast-Kolb D. 2004. Improved
student preparation from implementing active learning sessions and a
standardized curriculum in the surgical examination course. Med Teach
26(7):621-624.

Williams B. 2006. Qualitative analysis of undergraduate paramedic
students’ perceptions of using case-based learning in an online learning
environment. ] Emerg Prim Health Care 4(3):NaN.

Williams B. 2009. Do undergraduate paramedic students embrace case
based learning using a blended teaching approach? A 3-year review.
Australas J Educ Technol 25(3):421-439.

Wilson AS, Goodall JE, Ambrosini G, Carruthers DM, Chan H, Ong SG,
Gordon C, Young SP. 2006. Development of an interactive learning tool
for teaching rheumatology — A simulated clinical case studies program.
Rheumatology 45(9):1158-1161.

Zebrack JR, Mitchell JL, Davids SL, Simpson DE. 2005. Web-based
curriculum. A practical and effective strategy for teahcing women’s
health. J Gen Intern Med 20(1):68-74.

AB =-education) or(TI=business and AB=education)
or('TI =business and

Tl =education) or(AB=Dbusiness and AB =education))
(13)

(NB Queries entered as separate lines but exported
as above.)

For CINAHL the search was carried out via NHS Evidence
Databases, as the university system was too slow:

CINAHL 1981- to 121010

No. Database Search term Hits
1 CINAHL ((case-based)).ti [Limit to: (Age Groups 460
All Adult) and (Language English)]
2 CINAHL ((case stud”).ti [Limit to: (Age Groups All 5229
Adult) and (Language English)]
3 CINAHL ((case method*)).ti [Limit to: (Age Groups 68
All' Adult) and (Language English)]
4 CINAHL 1 OR 2 OR 3 [Limit to: (Age Groups All 5473
Adult) and (Language English) and
(Age Groups All Adult) and
(Language English) and (Age Groups
All Adult) and (Language English)]
5 CINAHL ((Learning OR teaching OR 61,223
instruction®)).ti,ab
6 CINAHL 4 AND 5 [Limit to: (Age Groups All Adult) 169
and (Language English) and (Age
Groups All Adult) and (Language
English) and (Age Groups All Adult)
and (Language English)]
7 CINAHL ((Collaborative learning)).ti,ab 896
8 CINAHL ((self directed learning)).ti,ab 742
9 CINAHL ((active learning)).ti,ab 1011
10 CINAHL 70R80R9 2558
11 CINAHL ((case-based)).ab 10618
12 CINAHL 10 AND 11 99
13 CINAHL (((case study) OR (case studies))).ab 31453
14 CINAHL 10 AND 13 163
15 CINAHL ((case method*)).ab 18006
16 CINAHL 10 AND 15 100
17 CINAHL 12 OR 14 OR 16 209
18 CINAHL 6 OR 17 [Limit to: (Age Groups All Adult) 206
and (Language English) and (Age
Groups All Adult) and (Language
English) and (Age Groups All Adult)
and (Language English)]
19 CINAHL exp EDUCATION, HEALTH SCIENCES/ 139577
20 CINAHL 18 AND 19 [Limit to: (Age Groups All 53

Adult) and (Language English) and
(Age Groups All Adult) and
(Language English) and (Age Groups
All Adult) and (Language English)]
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For Education Research:

Search ID#

Search Terms Search Options

S23  S18 and S22 =115 hits

Search modes — Boolean/Phrase

S22 S19 or S20 or S21

Search modes — Boolean/Phrase

S21 TX nurs*

Limiters — Published Date from:
Language: English

Search modes — Boolean/Phrase

S20 TX medical student*

Limiters — Published Date from:
Language: English

Search modes — Boolean/Phrase

S19 TX medicine OR doctor*

Limiters — Published Date from:
Language: English

Search modes — Boolean/Phrase

S18 S8 AND S17

Limiters — Published Date from:
Language: English

Search modes — Boolean/Phrase

S17 S12 and S16

Search modes — Boolean/Phrase

S16 S13 or S14 or S15

Search modes — Boolean/Phrase

S15 AB case method*

Search modes — Boolean/Phrase

S14  AB case stud*

Search modes — Boolean/Phrase

S13  AB case-based

Search modes — Boolean/Phrase

S12 S9 or S10 or S11

Search modes — Boolean/Phrase

S11 TX active learning

Search modes — Boolean/Phrase

S10  TX self directed learning

Search modes — Boolean/Phrase

S9 TX collaborative learning

Search modes — Boolean/Phrase

S8 S4 and S7
Search modes — Boolean/Phrase
S7 S5 or S6

Search modes — Boolean/Phrase

19650101-20101031;

19650101-20101031;

19650101-20101031;

19650101-20101031;

S6  AB (learning OR teaching OR instruction*) Limiters —
Published Date from: 19650101-20101031; Language: English

Search modes — Boolean/Phrase

S5 TI (learning OR teaching OR instruction*) Limiters —
Published Date from: 19650101-20101031; Language: English

Search modes — Boolean/Phrase

S4 S1 or S2 or S3

Search modes — Boolean/Phrase

S3  TI case method*

Limiters — Published Date from:
Language: English

Search modes — Boolean/Phrase

S2  TI case stud*

440

19650101-20101031;

Limiters — Published Date from: 19650101-20101031;

Language: English

Search modes — Boolean/Phrase
S1 TI case-based

Limiters — Published Date from: 19650101-20101031;

Language: English

Search modes — Boolean/Phrase
Web of Knowledge including:
Science Citation Index Expanded (SCI-EXPANDED) — 1970

to present

Social Sciences Citation Index (SSCI) — 1898 to present
Arts & Humanities Citation Index (A&HCID - 1975 to

present

Conference Proceedings Citation Index- Science (CPCI-S) —

1990 to present

No time/language limits.
#13 512

#12 OR #6

Timespan = All Years

#12 57

#11 AND #10

Timespan = All Years

#11  >100,000

Title = (case)

Timespan = All Years

#10 2418

#9 OR #8 OR #7

Timespan = All Years

#9 979

Title = (active AD]J learning)
Timespan = All Years

#8 300

Title = (self ADJ directed ADJ learning)
Timespan = All Years

#7 1,080

Title = (collaborative ADJ learning)
Timespan = All Years

#0 458

#5 AND #4

Timespan = All Years

#5  >100,000

Title = (learning OR teaching OR instruction)
Timespan = All Years

#4 3418

#3 OR #2 OR #1

Timespan = All Years

#3 325

Title = (case ADJ method*)
Timespan = All Years

#2 179

Title = (case ADJ stud*)
Timespan = All Years

#1 2916

Title = (case ADJ-based)
Timespan = All Years

NB. There were 512 results but only 374 references as

results appeared in more than one subject field.
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Appendix 2: Flow diagram of literature search and paper selection

Electronic searches of Medline, Abstracts retrieved: 799
CINAHL, EMBASE, Education
Research, ASSIA, Web of Knowledge

Duplicates removed: 54

Review of abstracts against inclusion Papers included in full text review:
and exclusion criteria 178
Review of full articles against Full text included: 106

inclusion and exclusion criteria
Full text excluded: 72

Review and coding of full text
articles: 104 (2 x 2 papers had
similar data and therefore
counted as together)

Figure 2. Flow diagram of literature search and paper selection.
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