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Using concept mapping to evaluate
knowledge structure in problem-based
learning
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Abstract

Background: Many educational programs incorporate problem-based learning (PBL) to promote students’ learning;
however, the knowledge structure developed in PBL remains unclear. The aim of this study was to use concept
mapping to generate an understanding of the use of PBL in the development of knowledge structures.

Methods: Using a quasi-experimental study design, we employed concept mapping to illustrate the effects of PBL
by examining the patterns of concepts and differences in the knowledge structures of students taught with and
without a PBL approach. Fifty-two occupational therapy undergraduates were involved in the study and were
randomly divided into PBL and control groups. The PBL group was given two case scenarios for small group
discussion, while the control group continued with ordinary teaching and learning. Students were asked to make
concept maps after being taught about knowledge structure. A descriptive analysis of the morphology of concept
maps was conducted in order to compare the integration of the students’ knowledge structures, and statistical
analyses were done to understand the differences between groups.

Results: Three categories of concept maps were identified as follows: isolated, departmental, and integrated. The
students in the control group constructed more isolated maps, while the students in the PBL group tended toward
integrated mapping. Concept Relationships, Hierarchy Levels, and Cross Linkages in the concept maps were significantly
greater in the PBL group; however, examples of concept maps did not differ significantly between the two groups.

Conclusions: The data indicated that PBL had a strong effect on the acquisition and integration of knowledge. The
important properties of PBL, including situational learning, problem spaces, and small group interactions, can help
students to acquire more concepts, achieve an integrated knowledge structure, and enhance clinical reasoning.
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Background
Competent practitioners in the health care professions are
developed not only through the acquisition of the biomed-
ical knowledge and clinical skills necessary to provide
high-quality, effective services but also through the devel-
opment of an integrated knowledge structure in an active
and personal way [1–4]. A knowledge structure, which is
the set of cognitive processes used by clinical practitioners
in the diagnosis of patients, is characterized by an elabor-
ate, highly integrated framework of related concepts [3, 5].

Knowledge structure theory implies that both learners and
experts can be influenced by their prior knowledge or
underlying knowledge structures when producing diag-
nostic hypotheses and participating in problem-solving
activities [6–8]. If educators can employ better ways to fa-
cilitate the development of an integrated knowledge struc-
ture than the rote memorization of facts or procedural
practice, then it is likely that they will be able to promote
the development of greater competence in the health care
professions.
Problem-based learning (PBL) originated in Canada in

the 1960s in response to dissatisfaction with the trad-
itional didactic teaching curriculum in medical educa-
tion and a perceived need for reform in the education of
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medical students [9, 10]. The PBL approach, an innova-
tive teaching and learning method utilized in medical
education, may provide greater challenge and motivation
by utilizing real-life scenarios to engage students by acti-
vating their prior knowledge, increasing understanding
of basic science concepts, and organizing compartmental
knowledge to construct a rich, elaborate, and well-
integrated knowledge structure, in order to foster learn-
ing and transfer knowledge from the theoretical to the
clinical context [11, 12]. Furthermore, elaborately de-
signed problems can stimulate self-directed learning
strategies, team participation skills, information reten-
tion, and reasoning and problem-solving skills that will
be available to the student after graduation [13–15]. If
basic science and declarative knowledge can actually be
converted into skills or “demonstrations”, then higher
levels of performance or competency can be achieved
[2, 16]. Although PBL can enhance problem-solving
and clinical reasoning skills in the health care profes-
sions [17], previous research on its superiority to the
lecture-based learning (LBL) approach in the acquisi-
tion of basic science knowledge has produced inconsistent
findings [18–21]. Research has also indicated that an inte-
grated knowledge structure, rather than compartmental-
ized knowledge, is a prerequisite for successful problem-
solving [2, 17]; however, little supportive empirical evi-
dence has been reported to show that the development of
a knowledge structure is enhanced by PBL [2].
Since the original purpose of PBL was to promote dee-

per content learning [22], it is important to develop in-
sights into students’ knowledge structures; however, the
objective assessment methods often employed in PBL
focus on bits of factual knowledge and techniques in med-
ical problem solving and tend to value formal and routine
procedural reasoning [7, 8, 23]. It is not sufficient to de-
velop the knowledge and problem-solving skills in PBL,
for it is important to develop higher-order thinking skills
and meaningful learning with organized concepts, as op-
posed to the mere collection of facts [11, 24]. Studies of
health care professionals suggest that concept mapping
can provide a clear representation of a student’s know-
ledge structure [14, 15, 25, 26]. Concept mapping is a
schematic device for organizing and representing a set of
concepts embedded in a framework of propositions by
graphically illustrating the complex processes or relation-
ships among relevant concepts within a given subject
domain [13, 27–30]. Concept mapping, which was devel-
oped by Novak and Gowin based on the Ausubelian Asso-
ciation Theory of meaningful learning [30, 31], can be
used to show the whole knowledge structure of students.
The process of learning refers to the anchoring of new
ideas or concepts in previously acquired knowledge in a
non-arbitrary way, thereby allowing students to differenti-
ate concepts, integrate them into an existing knowledge

structure, and form intentional effort linkages among iso-
lated concepts by themselves [14, 26, 32]. In this view,
lower-order concepts are linked from linear to departmen-
tal, and integrated under higher-order concepts through
integrative reconciliation and progress differentiation. In
integrative reconciliation, meaningful learning makes it
easier for students to identify the similarities or differences
between concepts, thus enabling them to take the relevant
concepts and construct a superordinate concept [31, 33].
In progress differentiation, higher-order concepts are dif-
ferentiated into more elaborate and hierarchical levels in
the knowledge structure [34, 35]. Thus, concept mapping
has the potential to assess the dynamic reasoning about
concept relationships in students’ knowledge structures
during PBL [36]. Observing the structure and details can
help teachers to identify difficulties in reasoning and im-
prove students’ higher order thinking skills [37].
Concept mapping may serve as an effective, feasible,

and acceptable tool for evaluating and monitoring stu-
dents’ learning in PBL [36–38]. Its effectiveness can be
assessed with two approaches. First, concept mapping
can show the formation of a knowledge structure from
the basic structure to a depiction of the hierarchy and
relationships among concepts [39, 40]. Second, it can
also show the high degree of coherence and connected-
ness within the knowledge structure that is related to the
holistic morphology of construction patterns [41]. Both
approaches concentrate on understanding the structure of
knowledge to show the depth of thinking required in clin-
ical reasoning [42]. These two approaches, which deal
with the inner hierarchy and morphological features, were
employed together in the current study to reveal the ex-
pansion and evolution of knowledge structures as a result
of PBL.

Methods
Study aim
This study compared the learning methods of PBL and
LBL on students’ development of knowledge structures.
The research question was: What patterns of concepts
and their differences in the knowledge structures be-
tween the PBL and LBL groups can be identified from
the use of concept maps for evaluating students’ learning
achievement? A quasi-experimental method design was
employed. Concept mapping was used to evaluate the ef-
fects of learning outcomes, including the patterns of
concept mapping and the knowledge structure.

Participants
The study was conducted as part of the course “Assess-
ment and Management of Brain Function: Perspectives
of Occupational Therapy” in an occupational therapy
program at a medical college in the Taipei area. A total
of 52 occupational therapy undergraduates in their third
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year (20 to 21 years of age) participated in the study.
None of the participants had previously been exposed to
PBL or concept mapping. The students were divided
into four small groups of 13 students each. The re-
searcher randomly assigned each student to one of the
four groups according to the student’s registration num-
ber. Two of the groups were assigned to the PBL experi-
mental group, and the other two, to the LBL control
group. GPower statistical software was used to calculate
a sample size sufficient for a power of 0.8 as suggested
by Howell [43]. Given the mean difference, standard de-
viation, and effect size noted in the results, the sample
size of 26 participants in each group was appropriate.
Although no explicit IRB approval was sought, since it
was not required for educational research in Taiwan in
2010, ethical approval was granted by three occupa-
tional therapy professors outside the research team.
The general principles of the Declaration of Helsinki
were followed, identifying information in the data was
removed to ensure anonymity, and informed consent
was given by the participants.

Preparation of the PBL Program
The PBL program used in this study was based on the
Maastrich 7-step PBL method [10]. During the PBL ses-
sions, students were asked to work in collaboration with
group members to analyze two cases of cognitive disabil-
ity in occupational therapy. The PBL sessions took place
1 day per week over 6 weeks, and each case lasted for 3
weeks. The students followed the 7-step process to work
through the PBL problems. This allowed them to ex-
plore the symptoms and clinical problems of the patients
with cognitive disabilities, demonstrate clinical reason-
ing, make appropriate intervention decisions, and finally
develop management plans. The PBL scenarios in the
study presented four key features that were designed to
trigger motivation, connect to prior knowledge, organize
content knowledge, and evoke new learning.
The first feature was designed to trigger motivation.

The initial chapter, a half-page case scenario, presented
the dilemma faced by clients in their daily occupations.
The scenario contained ordinary descriptions without
professional terminology in order to facilitate students’
motivation and to elicit their concepts of the clinical
problems.
The second feature was designed to connect concepts

to prior knowledge. The subsequent two chapters in the
PBL, each of which was one page in length, provided the
medical history, occupational performance, and laboratory
data of the clients. The aim of this stage was to develop
extensive knowledge connections and a conceptual hier-
archy. Students were encouraged to use professional ter-
minology to describe symptoms and occupational therapy

problems, choose an appropriate method of evaluation to
identify the problems, and decide on their interventions.
The third feature was the problem space. The last

chapter, one page in length, briefly described the key inter-
ventions of occupational therapy and the prognosis of the
client. Several intervention techniques were roughly de-
scribed as cues for possible solutions, and problem spaces
were open for students to organize content knowledge,
engage in discussions with group members, and develop
their intervention plans.
The fourth feature was designed to link affective and

attitudinal issues to facilitate learning. Ethical issues were
provided in the scenarios to evoke further discussion
among the students in the area of medical humanities.

Data collection
Students in both groups attended basic biomedical
classes on brain function for 3 hours per week over
10 weeks. The two groups were then separately exposed
to the different learning methods for 6 weeks; PBL for
the PBL group, and lectures for the LBL group. The
LBL group met for 3 hours once per week, during
which they continued their lectures and practiced with
evaluation tools, and further practice or discussion was
allowed after the classes.
Before students made their concept maps, they received

two hours of instruction on concept mapping. Concept
mapping was carried out after each problem case in order
to understand how their knowledge changed as they grad-
ually became involved in the discussion, and students
handed in their maps the following week. Two sets of 10
terms related to cognitive disability in occupational ther-
apy were given, as follows: executive function, experience,
neuropsychological evaluation, aging, compensatory strat-
egies, routine, tabletop activity, LOTCA, problem solving,
abstract thinking, attention, higher-order thinking ability,
self-awareness, culture, physical evaluation, A-ONE, cog-
nitive retraining, personality, habit, and computer-based
exercise. The participants were asked to prepare their own
concept maps and encouraged to add any terms that they
felt necessary to complete them. Two concept maps were
developed by each student, and in the end, 104 concept
maps were collected.

Analytical process and methods
The analysis was conducted in two steps. The first step
focused on developing a global view of the knowledge
structure, and the second examined the detailed connec-
tions among concepts in the concept maps. In the first
step, the maps were examined to determine their
morphology, including the whole structure and the com-
ponent blocks, by two teachers of occupational therapy.
The two teachers identified three types of morphology:
isolated mapping, departmental mapping, and integrated
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mapping. Chi square tests were conducted to test the
homogeneity of the two groups for the three types. In
the second step, a quantitative scoring protocol devised
by Novak & Gowin [30] was employed to investigate
the students’ concept maps. The numbers of each of
the four scoring parameters, the relationships among
the concepts, the levels on the map, the cross linkages,
and the examples were calculated by the two teachers.
Independent-samples t-tests were performed to com-
pare the differences in the knowledge structures in
terms of the concept mapping scoring parameters be-
tween the PBL and LBL groups. The intra-class correl-
ation coefficient (ICC) was calculated to estimate the
inter-rater reliability for each scoring parameter. Figure 1
shows a concept map made by one participant. In this
map, the term ‘dementia’ was initially chosen as the core
for the map, and then the other terms related to dementia,
such as symptoms, evaluations, and interventions, were
added to develop the concept map. The map depicts a
rather complicated knowledge structure with multiple

blocks connected by appropriate linkage words. Each
block contains a number of given and additional terms
that demonstrate meaningful hierarchical relationships
within the knowledge structure. A corresponding ex-
ample, desktop activity, was added to the end of “re-
medial therapy” to show the participant’s suggestion for
an intervention. No cross linkage was found among the
blocks on this map, however, indicating that the partici-
pant failed to clarify connections.

Results
Content validity
The two case scenarios and their learning objectives
were developed by the authors and were subsequently
reviewed by three experts in occupational therapy to de-
termine the consistency between the case content and
learning objectives. The Pearson coefficient was 0.92, in-
dicating a high degree of correlation between the case
scenarios and the PBL learning objectives.

Fig. 1 A map made by a participant and its scoring
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Reliability
Reliability was established by the scores that two trained
raters awarded on 29 concept maps drawn by the partic-
ipants. The ICC coefficient for interrater reliability of
the concept mapping scores indicated good agreement
in concept relationships of 0.99 (95 % CI, 0.95–0.99); in
the hierarchy, of 0.96 (95 % CI, 0.84–0.96); in levels, of
0.92 (95 % CI, 0.72–0.93); and in cross linkages, of 0.95
(95 % CI, 0.79–0.95) (Table 1).

Analysis based on morphology
Generally speaking, constructing a concept map begins
with the definition of the topic that the concept map is
to address. Then key concepts related to the knowledge
structure of the map are identified and listed. Those
concepts are then considered and sorted in terms of
their inclusiveness from general through moderate to
specific. After all, a concept map is built to reveal the
intended knowledge structure. Three major categories
were identified based on the morphology of the maps.
Isolated mapping was typical, with several single con-

cepts linked to the main map without reference to other
associated concepts. The concepts were sometimes mis-
placed in the hierarchy and seemed to float outside of
the main map with an arrow in the opposite direction.
In addition, the concepts were less inclusive and difficult
to accommodate in the knowledge structure. Figure 2
shows an isolated concept map from the LBL group.
Note the morphology of the map, with four concepts on
the left side connected to the core concept; however, the
connecting arrow is in the opposite direction. This re-
vealed that some concepts were isolated and difficult to
progressively differentiate from a superordinate concept,
and then connected to the knowledge structure. Accord-
ing to our analysis (Table 2), 15.4 % of the LBL and 7.7 %
of the PBL students’ first maps were sorted into this cat-
egory. In the second drawing, 11.5 % of LBL students, and
no PBL students, still produced isolated maps.
Departmental mapping refers to maps with several

separated units or micro maps connected by a single
arrow to superordinate concepts. A lack of cross-linkages
among micro maps was characteristic of this category, in
which the relationships among those micro maps could

not be identified and a network-like map was not estab-
lished. Figure 3 shows a departmental concept map
composed of four micro maps; however, there are no
cross-linkages to connect them. This reveals that ac-
quired knowledge was included in the separate blocks;
however, due to the lack of horizontal links, these con-
cepts could not supplement one another or be mutually
retrieved when utilized in a problem-solving task. In
contrast to the isolated maps that often appeared in the
first drawings, departmental maps were more common
in the second drawings. For the first maps, 15.4 % from
the LBL group and none from the PBL group were
sorted as departmental maps. For the second maps,
23.1 % from the LBL group and 15.4 % from the PBL
group were in this category (Table 2).
Integrated mapping demonstrates a good integration

of concept mapping in which a superordinate concept
appears at the highest level and then cross-linkages
among various segments of knowledge are established to
illustrate how these micro maps are related to one an-
other. Figure 4 shows an integrated concept map which
has a superordinate core concept, “Occupational Ther-
apy of Cognitive Disability,” and then branches into two
micro maps, “Assessment” and “Treatment.” Note the
complexity; the map contains sufficient concept relation-
ships to illustrate the theme, but it also has a reasonable
hierarchy to show progress in the differentiation of the
knowledge structure, as well as cross-linkages between
and within the micro maps. Therefore, this map can be
identified as a truly integrated concept map. Based on the
analysis, 92.3 % of the first and 84.6 % of the second draw-
ings of the PBL group were integrated maps, and 70.4 %
of the first and 66.7 % of the second drawings of the LBL
group were sorted into this category. The data indicated a
trend in the PBL and LBL groups: A number of concepts
were imported, the percentage of isolated and integrated
maps declined, and the percentage of departmental maps
increased. A test of homogeneity among the three concept
mapping categories in the two groups (Table 2) showed
that the two groups exhibited differences in terms of the
concept mapping categories; that is, there was no homo-
geneity in the changes that took place.

Analysis of the structure of concept mapping
Table 3 shows the means and SDs of the PBL and LBL
groups for the four scoring parameters. The average of
the PBL group was significantly higher than that of the
LBL group. Independent-samples t-tests show signifi-
cant differences between the PBL and LBL groups in
terms of the relationships among the concepts (t (50) =
2.93, p =0.005; d = 0.81; power =0.93), hierarchy levels
(t (50) = 2.25, p =0.029; d = 0.61; power =0.86), and
cross linkages (t (50) = 2.30, p =0.026; d = 0.62; power
=0.87). Although the mean of “examples” was higher in

Table 1 95 % CI for inter-rater reliability on the scoring parameters

95 % CI

Scoring ICC (2, 1) Lower Upper F p

Concept relationships 0.99 0.95 0.99 74.90 0.000*

Hierarchy levels 0.96 0.84 0.96 24.37 0.000*

Cross linkages 0.92 0.72 0.93 12.91 0.000*

Examples 0.95 0.79 0.95 18.37 0.000*

*p < 0.05; 95 % CI = 95 % Confidence Interval; ICC = Intra-Class Correlation
Coefficient
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the PBL group, the difference was not statistically signifi-
cant (t (50) = 1.14, p =0.26). The coefficients of Cohen’s d
showed a medium to large effect size in the three parame-
ters, and the power ranged from 0.86 to 0.93.

Discussion
The present study aimed to understand the effects of
PBL on students’ knowledge structures as demonstrated
by the patterns of and differences among concept maps.

The central result of this study was that most of the
concept maps in the PBL group eventually exhibited the
integrated concept mapping pattern, which is an identi-
fying mark of a high-quality knowledge structure. The
scores on the parameters of concept mapping networks
were higher in the PBL group than in the LBL group.
The results of the analysis indicated that there were im-
portant properties of PBL that contributed to the students’
learning with regard to the knowledge structure.

Learning situations trigger motivation and enhance the
acquisition of knowledge
Two students in the isolated map category and two stu-
dents in the integrated map category in the PBL group
moved into the departmental map category on the sec-
ond drawing, while one student in the isolated category
and one in the integrated category in the LBL group
moved into the departmental category on the second
drawing. Although it seemed that students performed
almost the same in the PBL and LBL groups, the distri-
bution of the three categories of concept mapping in the
two groups showed that this was not the case. A close

Fig. 2 An example of isolated concept mapping

Table 2 Summary of chi square tests for the test of the
homogeneity of the three concept mapping categories in
the two groups

Isolated Departmental Integrated

Groups n % n % n % χ2(2) p

PBL 1st 2 7.7 0 0.0 24 92.3 6.84 0.033*

2nd 0 0.0 4 15.4 22 84.6

LBL 1st 4 15.4 4 15.4 18 70.4

2nd 3 11.54 6 23.1 17 64.7

*p < 0.05; Isolated = isolated mappings, Departmental = departmental mappings,
Integrated = integrated mappings; PBL = problem-based learning group, LBL =
lecture-based learning group
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Fig. 3 An example of departmental concept mapping

Fig. 4 An example of integrated concept mapping
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look at the chi-square test for homogeneity revealed that
PBL improved the students’ performances more than did
LBL. The findings demonstrated that the PBL property
of situational learning with more clues helped to create
a desire in students to find out more about the topic
and to make that information meaningful. As a result,
they were continuously expanding the limits of their
knowledge and incorporating new and relevant concepts
into their knowledge structures [13]. In contrast, de-
contextualized learning such as LBL may result in the
compartmentalization of concepts or propositions. Al-
though these students tried to connect new concepts to
the main map, they were unable to develop a map with
an integrated knowledge structure due to the few cues
and reminders provided during the learning process.

PBL facilitates connecting knowledge during cognitive
construction
Although both student groups were engaged in learning
over the same period of time, the performance of the PBL
group with regard to the concepts of relationships, hier-
archy levels, and cross linkages was significantly better
than that of the LBL group. This difference could be a re-
sult of PBL on the activation and elaboration of previously
learned knowledge, whereby the students’ reasoning skills
might be enhanced. Knowledge is the underpinning of op-
erational and thinking skills; thus, there is no skill without
knowledge. In a clinical task requiring a large amount of
knowledge, and especially integrated knowledge, it is sug-
gested that concept mapping can help with visualization
of the thinking process [13].

Problem space enhances conceptual differentiation and
integration
According to Ausubel’s meaningful learning theory, PBL
provides a holistic perspective and valid problem space for
students to enhance their knowledge structure through
gradual progressive differentiation and integrated recon-
ciliation [31]. Lecture-based teaching often lacks strategies
to integrate the knowledge structure and results in iso-
lated or compartmentalized mapping. In addition, it is also
important to note the function of group dynamics in PBL.
PBL provides opportunities for students to present their

own learning experiences and to value their peers’ per-
spectives; all of these experiences could help them to con-
struct their own frameworks [26]. This may also explain
why all of the scoring parameters were higher in the PBL
group.
In the current study, isolated and departmental maps

continued to appear in the learning process in both groups.
This may be a typical result stemming from the large influx
of concepts in a short learning period in both the problem
scenarios and traditional lectures. As medical education
emphasizes the connections and relationships between
basic science and clinical knowledge, the amount of learn-
ing materials handed to the students should be given care-
ful consideration so that the students have enough time to
develop an integrated knowledge structure.

Conclusions
This study identified three categories of concept map-
ping: isolated, departmental, and integrated. It appears
that PBL can help students engage in integrated concept
mapping and achieve a more integrated knowledge
structure. The findings also revealed that the effect of
PBL on the acquisition and integration of knowledge
was robust. In order to solve problems in PBL, students
connect descriptive knowledge with procedural know-
ledge and create more details and cross linkages in their
knowledge structures, which will benefit clinical reason-
ing in the future. The findings of this study suggest that
educators aiming to enhance their students’ knowledge
structures should incorporate PBL and concept mapping
in the curriculum.

Limitations
Although the results of the study revealed the benefit of
using concept mapping to discover the knowledge struc-
ture in PBL, our design bears the inherent limitations of
the learning materials and the learning time of the stu-
dents. The study clearly lacked explanations for the
amount of learning materials relative to cognitive loading,
and it did not explore the long term effect of concept
mapping coupled with PBL. These are important issues
that deserve to be addressed and explored further.

Table 3 The t-test summary of concept mapping scoring levels in the PBL and LBL groups (N = 52)

PBL (n = 26) LBL (n = 26) t(50) p Cohen’sd powera

Parameters M SD M SD

Concept relationships 116.5 45.29 81.7 40.84 2.93 0.005* 0.81 0.93

Hierarchy levels 17.0 3.16 14.3 5.42 2.25 0.029* 0.61 0.86

Cross linkages 9.3 8.23 5.1 4.76 2.30 0.026* 0.62 0.87

Examples 8.9 8.17 6.0 9.73 1.14 0.261 0.33 0.26

*p < 0.05; PBL = problem-based learning, LBL = lecture-based learning; M =mean; SD = standard deviation
aPost-hoc power analysis

Hung and Lin BMC Medical Education  (2015) 15:212 Page 8 of 9



Abbreviations
PBL: Problem-based learning; LBL: Lecture-based learning.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
CHH supervised the PBL session processing and accession of all the data in the
study, took responsibility for the integrity of the data and the accuracy of data
analysis, organized the data, and drafted and revised the article. CYL took the
lead in creating the study methodology, the conception and design of the
study, and the preparation of the article. Both authors contributed to the
revision of the article and approved the final manuscript for publication.

Acknowledgments
We acknowledge the enthusiastic participation of the PBL and LBL course
faculty and the students in the study.

Author details
1Department of Rehabilitation, Jen-Teh Junior College of Medicine, Nursing
and Management, No. 79–9, Sha-Luen Hu, Xi-Zhou Li, Hou-Loung Town,
Miaoli, Taiwan. 2Graduate Institute of Science Education, National Taiwan
Normal University, No. 88, Ting-Jou Rd., sec. 4, Taipei, Taiwan.

Received: 13 April 2015 Accepted: 22 November 2015

References
1. Kassab SE, Hussain S. Concept mapping assessment in a problem-based

medical curriculum. Med Teach. 2010;32(11):926–31.
2. Masek A, Yamin S. Problem based learning for epistemology competence:

the knowledge acquisition perspectives. J Tech Edu Train. 2011;3(1):29–36.
3. Schmidt HG, Rikers RMJP. How expertise develops in medicine: knowledge

encapsulation and illness script formation. Med Edu. 2007;41(12):1133–9.
4. Wimmers PF, Cha-Chi F. The impact of case specificity and generalisable

skills on clinical performance: a correlated traits-correlated methods
approach. Med Edu. 2008;42(6):580–8.

5. Lesgold A, Rubinson H, Feltovich PJ, Glaser R, Klopfer D, Wang Y. Expertise
in a complex skill: diagnosing X-ray pictures. In: Chi MTH, Glaser R, Farr M,
editors. The Nature of Expertise. Hillsdale, New Jersey: Lawrence Erlbaum;
1988. p. 311–42.

6. Van de Wiel MWJ, Boshuizen HPA, Schmidt HG. Knowledge restructuring in
expertise development: evidence from pathophysiological representations
of clinical cases by students and physicians. Eur J Cogn Psychol. 2000;12(3):
323–55.

7. Verkoeijen PPJL, Rikers RMJP, Schmidt HG, van de Wiel MWJ, Kooman JP.
Case representation by medical experts, intermediates and novices for
laboratory data presented with or without a clinical context. Med Edu. 2004;
38(6):617–27.

8. McMillan WJ. Teaching for clinical reasoning-helping students make the
conceptual links. Med Teach. 2010;32(10):e436–42.

9. Barrows HS, Tamblyn RM. Problem-based learning: an approach to medical
education. New York: Springer; 1980.

10. Schmidt HG. A brief history of problem-based learning. In: O’Grady G, Yew
EHJ, Goh KPL, Schmidt HG, editors. One-day, one-problem: an approach to
problem-based learning. New York: Springer; 2012. p. 21–40.

11. Savin-Baden M. Problem-based learning in higher education: untold stories.
Philadelphia: SRHE and Open University Press; 2000.

12. Li J, Li QL, Li J, Chen ML, Xie HF, Li YP, et al. Comparison of three problem-
based learning conditions (real patients, digital and paper) with lecture-
based learning in a dermatology course: a prospective randomized study
from China. Med Teach. 2013;35(2):e963–70.

13. Schmidt HG, Rotgans JI, Yew EHJ. The process of problem-based learning:
what works and why. Med Edu. 2011;45(8):792–806.

14. David T, Patel L, Burdett K, Rangachari P. Problem-based learning in
medicine. London: The Royal Society of Medicine Press; 2005.

15. Abdelkhalek N, Hussein A, Gibbs T, Hamdy H. Using team-based learning to
prepare medical students for future problem-based learning. Med Teach.
2010;32(2):123–9.

16. Gijbels D, Dochy F, Van den Bossche P, Segers M. Effects of Problem-based
learning: a meta-analysis from the angle of assessment. Rev Educ Res. 2005;
75(1):27–61.

17. Scaffa ME, Wooster DM. Effects of problem-based learning on clinical
reasoning in occupational therapy. Am J Occup Ther. 2004;58(3):333–6.

18. Colliver JA. Effectiveness of PBL curricula. Med Educ. 2000;34:959–60.
19. Dochy F, Segers M, van den Bossche P, Gijbels D. Effects of problem-based

learning: a meta-analysis. Learn Instr. 2003;13(5):533–68.
20. Albanese M. Problem-based learning: Why curricula are likely to show little

effect on knowledge and clinical skills. Med Educ. 2000;34(9):729–38.
21. Vernon DTA, Blaker L. Does problem-based learning work? a mete-analysis

of evaluative research. Acad Med. 1993;68:550–63.
22. Hmelo-Silver CE. Problem-based learning: what and how do students learn?

Educ Psychol Rev. 2004;16(3):235–66.
23. Srinivasan M, McElvany M, Shay JM, Shavelson RJ, West DC. Measuring

knowledge structure: reliability of concept mapping assessment in medical
education. Acad Med. 2008;83(12):1196–203.

24. Woods NN. Science is fundamental: the role of biomedical knowledge in
clinical reasoning. Med Educ. 2007;41:1173–7.

25. Lycke KH, Grøttum P, Strømsø HI. Student learning strategies, mental
models and learning outcomes in problem-based and traditional curricula
in medicine. Med Teach. 2006;28(8):717–22.

26. Rothwell C, Burford B, Morrison J, Morrow G, Allen M, Davies C, et al. Junior
doctors prescribing: enhancing their learning in practice. Brit J Clin
Pharmaco. 2012;73(2):194–202.

27. Salinitri FD, O’Connell MB, Garwood CL, Tutag Lehr V, Abdallah K. An
objective structured clinical examination to assess problem-based learning.
Am J Pharm Educ. 2012;76(3):1–10.

28. Karantzas GC, Avery MR, Macfarlane S, Mussap A, Tooley G, Hazelwood Z,
et al. Enhancing critical analysis and problem-solving skills in undergraduate
psychology: an evaluation of a collaborative learning and problem-based
learning approach. Aust J Psychol. 2013;65(1):38–45.

29. Schmidt HG, Vermeulen L, van der Molen HT. Longterm effects of
problem-based learning: a comparison of competencies acquired by
graduates of a problem-based and a conventional medical school.
Med Educ. 2006;40(6):562–7.

30. Novak JD, Gowin DB. Learning how to learn. Cambridge: Cambridege
University Press; 1984.

31. Novak JD, Cañas AJ. Theoratical origins of concept map, how to construct
them, and uses in education. Reflec Educ. 2007;3(1):29–42.

32. Torre DM, Durning SJ, Daley BJ. Twelve tips for teaching with concept maps
in medical education. Med Teach. 2013;35(3):201–8.

33. Daley BJ, Torre DM. Concept maps in medical education: an analytical
literature review. Med Educ. 2010;44:440–8.

34. Ausubal DP. The psychology of meaningful verbal learning. New York:
Grune & Stratton; 1963.

35. Ausubel DP, Novak JD, Hanesian H. Educational psychology : a cognitive
view. 2nd ed. New York: Werbel & Peck; 1986.

36. Mok CKF, Whitehill TL, Dodd BJ. Concept map analysis in the assessment of
speech-language pathology students’ learning in a problem-based learning
curriculum: a longitudinal study. Clin Linguist Phonet. 2014;28:64–82.

37. Morse D, Jutras F. Implementing concept-based learning in a large
undergraduate classroom. CBE Life Sci Educ. 2008;7(2):243–53.

38. Veronese C, Richards JB, Pernar L, Sullivan AM, Schwartzstein RM. A randomized
pilot study of the use of concept maps to enhance problem-based learning
among first-year medical students. Med Teach. 2013;35(9):e1478–84.

39. Horton PB, McConney AA, Gallo M, Woods AL, Senn GJ, Hamelin D. An
investigation of the effectiveness of concept mapping as an instructional
tool. Sci Educ. 1993;77(1):95–111.

40. Taylor LA, Littleton-Kearney M. Concept mapping: a distinctive educational
approach to foster critical thinking. Nurs Educ. 2011;36(2):84–8.

41. Koponen IT, Pehkonen M. Coherent knowledge structures of physics
represented as concept networks in teacher education. Sci & Educ. 2010;
19(3):259–82.

42. West DC, Pomeroy J, Park JK, Gerstenberger EA, Sandoval J. Critical thinking
in graduate medical education: a role for concept mapping assessment? J
Am Med Assoc. 2000;284(9):1105–10.

43. Howell DC. Statistical methods for psychology. 6th ed. Belmont: Tomson
Wadsworth; 2007.

Hung and Lin BMC Medical Education  (2015) 15:212 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study aim
	Participants
	Preparation of the PBL Program
	Data collection
	Analytical process and methods

	Results
	Content validity
	Reliability
	Analysis based on morphology
	Analysis of the structure of concept mapping

	Discussion
	Learning situations trigger motivation and enhance the acquisition of knowledge
	PBL facilitates connecting knowledge during cognitive construction
	Problem space enhances conceptual differentiation and integration

	Conclusions
	Limitations
	Abbreviations

	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References



