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ABSTRACT KEYWORDS
Background: Concept maps (CMs) visually represent hierarchical connections among related ideas.
They foster logical organization and clarify idea relationships, potentially aiding medical students
in critical thinking (to think clearly and rationally about what to do or what to believe). However,
there are inconsistent claims about the use of CMs in undergraduate medical education. Our three
research questions are 1) What studies have been published on concept mapping in undergradu-
ate medical education; 2) What was the impact of CMs on students’ critical thinking; 3) How and
why have these interventions had an educational impact?

Methods: Eight databases were systematically searched (plus a manual and an additional search
were conducted). After eliminating duplicate entries, titles and abstracts and full-texts were inde-
pendently screened by two authors. Data extraction and quality assessment of the studies were
independently performed by two authors. Qualitative and quantitative data were integrated using
mixed-methods. The results were reported using the STructured apprOach to the Reporting In
healthcare education of Evidence Synthesis statement and BEME guidance.

Results: Thirty-nine studies were included from 26 journals (19 quantitative, 8 qualitative and 12
mixed-methods studies). CMs were considered as a tool to promote critical thinking, both in the
perception of students and tutors, as well as in assessing students’ knowledge and/or skills. In add-
ition to their role as facilitators of knowledge integration and critical thinking, CMs were consid-
ered both a teaching and a learning methods.

Conclusions: CMs are teaching and learning tools which seem to help medical students develop
critical thinking. This is due to the flexibility of the tool as a facilitator of knowledge integration, as
a learning and teaching method. The wide range of contexts, purposes, and variations in how CMs
and instruments to assess critical thinking are used increases our confidence that the positive
effects are consistent.

Concept map; critical
thinking; medical education

Introduction

Medical students need more than just knowledge. To solve Practice points

clinical problems, such as establishing a diagnosis and man-

in ients, nts n velop higher-level ni-
aging patients, students need to develop higher-level cog to better student assessment performance.

e Concept maps promote critical thinking skills,
stimulate knowledge acquisition, and contribute

tive skills (Swanwick et al. 2019). Despite the importance of
these cognitive skills, the terminology and boundaries
between concepts are not clear-cut. Clinical reasoning, critical
thinking, decision-making, problem-solving, clinical judge-
ment, and diagnostic reasoning are often used interchange-
ably (Brentnall et al. 2022). However, for this manuscript, we
think of clinical reasoning as an overarching concept that
can be used to refer to reasoning skills, reasoning perform-
ance, reasoning processes, outcomes of reasoning, contexts
of reasoning, or purpose of reasoning (Young et al. 2020).
We define critical thinking as “the application of higher cog-
nitive skills (...) to information (...) in a way that leads to

e Concept maps can be constructed from scratch
individually or in groups, half-filled, or constructed
by tutors. Prior training for tutors and students
improves their use.

e Concept maps introduced earlier can be revisited
and improved later. The number and quality of
maps used seem to increase student performance.

action that is precise, consistent, logical, and appropriate”
(Huang et al. 2014). In this manuscript, the focus is on the
role of concept maps (CMs) as an instructional tool to
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support critical thinking, one of many reasoning skills under
the overarching concept of clinical reasoning.

CMs were created by Novak and used in education since
1984 as tools to visually represent information as interrelated
knowledge. They can be defined as a “schematic device for
representing a set of concept meanings imbedded in a
framework of propositions” (Novak 2003). Davies (2011)
described six criteria for Novakian CMs: 1) develop a declara-
tive-type focus question; 2) brainstorm concepts and ideas
and dispose of the concepts in circles or boxes to designate
them as concepts; 3) put concepts in hierarchical order; 4)
link lines are then provided between the hierarchical con-
cepts from top to bottom; 5) devise suitable cross-links for
key concepts in the map to show the relationship between
the key concepts; 6) add examples to the terminal points of
a map representing the concepts. However, there is a hetero-
geneous use of CMs in the literature, and some maps do not
meet all the criteria (non-Novakian CMs).

CMs may support the development of critical thinking
throughout undergraduate medical training. They are based
on the cognitive theory of Ausubel (Ausubel 2000), which
states that meaningful learning occurs when new knowledge
is connected to relevant concepts that the learner has already
understood and exist on the learner’s cognitive structure. CMs
help students understand the organization and integration of
relevant concepts and to help students establish links
between basic and clinical sciences (Pinto and Zeitz 1997;
Daley et al. 2016). CMs force students to make thinking expli-
cit and to justify how they arrived at their reasoning; they also
slow the pace of learning, enabling students to digest and
apply knowledge. These characteristics correspond to three
strategies that can be used to teach critical thinking (Huang
et al. 2014). While much of the CMs literature seems to have
been developed with pre-clerkship medical students, CMs
may also be useful for developing critical thinking applied to
clinical problems. In the clinical setting, there is a need for
methods of teaching and learning that provide a pathway to
the clinical reasoning process through networks of under-
standing (Kinchin 2008). CMs can help organize knowledge
structures that explain how the clinical elements are con-
nected among themselves and with the basic concepts. CMs
have been used to develop clinical reasoning skills (Daley
et al. 2016), and to facilitate efficient teacher-learner interac-
tions from the classroom to the bedside (Pierce et al. 2020).

In BEME Guide No.61 (Pierce et al. 2020), CMs were con-
sidered an effective strategy for teaching clinical reasoning
in the clinical setting, but most of the evidence comes
from studies with nursing students. Since clinical reasoning
is conceptualized differently across health professions, per-
forming a focused review on medical students (Young
et al. 2020) is relevant. The existing literature reviews on
this topic focus on the educational effectiveness of CMs. In
addition, health educators need to know what resources
are required to implement CMs.

This review is based on evidence from Pierce et al. (2020),
BEME Guide No. 61, and Daley et al. (2016). Our goal is to
expand the effectiveness of CMs’ understanding in under-
graduate medical education by reviewing the current body of
research. We aim to answer three research questions:

1. What studies have been published on concept mapping
in undergraduate medical education? (Description)
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2. What was the impact of CMs on students’ critical
thinking? (Justification)

3. How and why have these interventions had an educa-
tional impact? (Clarification)

Additionally, we aim to identify and reflect on the
resources needed to implement the use of CMs, such as
teacher training time and software.

Methods

In this review, we integrated qualitative and quantitative
methodologies using mixed-methods. Data from each
report was treated with an integrated model to maximize
the findings (Crandell et al. 2011). We reported the results
using the STructured apprOach to the Reporting In health-
care education of Evidence Synthesis (STORIES) statement
(Gordon and Gibbs 2014) and BEME guidance (Hammick
et al. 2010). A study protocol was completed a priori and
uploaded to the study repository on the BEME website.

Search strategy

After a pilot search, we conducted an electronic search
within eight databases (Pubmed, Scopus, Web of Science,
Embase, Academic Search Complete, ERIC, b-on', and
PsycINFO). We conducted a manual electronic search within
Academic Medicine, Medical Education, Advances in Health
Sciences Education, Medical Teacher, MedEdPublish, and
grey literature sources to identify additional relevant
articles. Additional research was carried out according to
reference lists of the reviews detected in the initial search
and from the databases of some authors who have been
working with concept mapping for more than 20 years. The
search strategy was developed with a medical librarian.
The full search strategy for each database can be found in
Supplementary Appendix 1. The search was conducted
from database inception until May 2022, with the updated
search conducted in March 2023. After eliminating dupli-
cate entries, titles and abstracts were independently
screened by two authors according to the inclusion criteria
described below. Inter-rater reliability was calculated using
Cohen'’s Kappa statistic. Full-text was obtained for the stud-
ies considered as potentially eligible by at least one of the
reviewers. The same two authors independently assessed
the full-texts to make a final judgment about study eligibil-
ity. Disagreements were resolved by discussion involving a
third reviewer when needed.

Study selection
The following inclusion criteria were used:
e Study design: experimental (randomized trials, non-

randomized trials, interrupted time-series, regression dis-
continuity designs, pre-test post-test designs, removed

"b-on, being a national consortium, provides a discovery service based on
EBSCO’s Discovery Service (EDS) that allows simultaneous research in several
resources such as, for example, 1) the Freedom Collection by Elsevier; 2)
the periodical collection from Springer, Wiley, Taylor & Francis, and
Sage; and 3) the databases Academic Search Complete and Eric from
EBSCO.
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treatment designs, repeated treatment designs), observa-
tional quantitative (cohort, case-control, cross-sectional),
qualitative studies (qualitative descriptive studies,
grounded theory, ethnography, phenomenology, action
research) and mixed-methods studies.

e Participants: studies performed with medical students in
any discipline.

e Intervention: studies describing the use of Novakian CMs.

e Language: studies written in English, Portuguese, French,
German, or Spanish.

e No date limits were applied to the study selection.

Data extraction

Two authors independently extracted data from the studies.
The extraction form was piloted in five studies to ensure
consistency between reviewers and to improve the form.
Differences were resolved through discussion or involve-
ment of a third author until a full consensus was reached.
The data extracted included the following (adapted from a
BEME coding sheet):

e Administrative (search method, authors, title, journal,
publication year);

e Evaluation methods (type of research, study design,
data collection methods);

e The study aims (implied/stated, description);

e Context (country/city/university, curriculum type, discip-
line, sample size, inclusion and exclusion criteria, CM’s
definition, how CMs were used, resources, teacher train-
ing, CMs evaluation);

e The study classification according to its purposes of
research in medical education (description, justification,
clarification) (Cook et al. 2008);

e The impact of the intervention (intervention/compara-

tors, Kirkpatrick outcome level (Boet et al. 2012), educa-

tional impacts);

Conclusions;

Lessons learned;

The strength of findings;

Overall impression of the article.

Quality assessment

This is an important item in the context of a systematic
review, however, the lack of a consensus method makes it
an even more challenging task, in addition to the diversity
of the included studies. Two major areas were considered: 1)
quality of reporting and 2) quality of study design. The four
scales used are described in Supplementary Appendix 2.

For the first point, we used a visual Red-Amber-Green
(RAG) ranking system as previously used by Gordon (Gordon
et al. 2018) and Stojan (Stojan et al. 2022). The areas assessed
included underpinning theories, resources, setting, educa-
tion (pedagogy), and content. Items were judged to be of
high quality (green), unclear quality (yellow), or low quality
(red). For the second point, we used the three scales
described below. The Critical Appraisal Skills Programme
(CASP) checklist (CASP Qualitative Checklist, Critical
Appraisal Skills Programme 2018) was used as an appraisal
tool for qualitative studies. Three sections were considered:
section A) “Are the results of the study valid?”; section B)

“What are the results?”; section C) “Will the results help local-
ly?”. The Medical Education Research Quality Instrument
(MERSQI) score for methodological evaluation of medical
education studies (Cook and Reed 2015) was used to assess
the study design of quantitative research. The MERSQI is a
ten-item instrument to assess the methodological quality of
experimental, quasi-experimental, and observational medical
education studies. The ten items reflect six domains of study
quality: study design, sampling, type of data, validity of
assessments, data analysis, and outcomes. The total and
domain MERSQI scores were calculated. We used the Mixed
Methods Appraisal Tool (MMAT) (Hong et al. 2018) for
mixed-methods studies. As this tool also allows evaluating
qualitative and quantitative studies, we decided to apply it
to all studies because we found it useful to apply a common
tool to all studies.

Two authors extracted data from the studies, and differ-
ences were resolved through discussion or involvement of a
third author until a full consensus was reached. Quality
assessment was conducted to describe studies on the use of
CMs in undergraduate medical education. For the justifica-
tion (what was the impact on critical thinking) and clarifica-
tion questions (how and why the interventions had an
educational impact), no study was excluded from the ana-
lysis due to its methodological quality. A lower appreciation
does not necessarily mean lower quality, however, it may
mean a greater risk that such a poor quality may exist.

Synthesis of evidence

A descriptive synthesis was used to summarize data from
studies on the use of concept mapping in medical students
(“What was done”). This summary describes the results of the
research, timing of publication, geographical location, classifi-
cation of the studies (according to its methodology and pur-
poses of research), settings and description of the use of CMs
(including curriculum type, learner level and disciplines, num-
ber of participants, type of CMs and other pedagogical tools),
Kirkpatrick outcome level, and quality assessment. To answer
the justification question “What was the impact of CMs on
students’ critical thinking” a synthesis integrating qualitative
and quantitative data was performed. Studies with an impact
on students’ critical thinking, whose research purposes were
justification or justification and clarification, were considered.
To answer the clarification question “How and why have
these interventions had an educational impact?” an inductive
content analysis of the educational impacts of CMs was per-
formed. Direct quotations were extracted from papers con-
cerning the explicit use of theories, limitations, lessons
learned, and conclusions. We close the results with a descrip-
tion of the resources required to implement CMs.

Results
Results of the search

A total of 537 records were identified through electronic
database searching, hand searching, and additional research.
After the elimination of duplicate entries, 277 records
remained. After title and abstract screening, 195 records
were excluded, and 82 were selected (Kappa 0.8820).
The full-text was unavailable for two studies: one was a
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poster abstract, and the author did not publish more data;
the second was a paper published in 2010, unavailable in the
5 libraries contacted, and the main author no longer had an
available contact due to retirement. Eighty studies under-
went full-text assessment for eligibility, following which 43
were excluded. Thirty-seven studies from this literature
search and 2 additional studies of the updated search were
included in the synthesis. Thirty-two studies were retrieved
from electronic search, 5 from hand search, and 2 from add-
itional search. Study identification and selection are summar-
ized in a PRISMA flow diagram (adapted from Page et al.
2021) in Figure 1.

Publication date, geographical location, and journal
The 39 studies included were published between 2006 and
2022, and 87.2% (n=34) were published between 2013
and 2022, as shown in Figure 2(a). Figure 2(b) describes
the origin by country and continent. Most publications
were from India and USA (n =8, 20.5%, each).

Studies were published in 26 journals, and 19 (48.7%)
were published in top-ranked medical education journals
according to the impact factor.

MEDICAL TEACHER ‘ 1123

Classification of the studies

We found 19 quantitative, 8 qualitative, and 12 mixed-meth-
ods studies. Among the quantitative studies, 7 were random-
ized controlled trials, 1 was a nonrandomized controlled trial,
1 was a randomized cross-over trial, 6 were single-group pre-
test and post-test, 1 was a two-group post-test only, and 3
were single-group post-test only.

We identified 74 research purposes in the 39 studies:
description was present in 27 (69.2%) studies, justification
in 24 (61.5%) studies, and clarification in 23 (59.0%) studies.
All the qualitative studies had the purpose of description,
and 6 (75.0%) also had clarification, with none whose pur-
pose was justification. In quantitative studies, most had the
purpose of justification (n=17, 89.5%), followed by
description (n=9, 47.4%), and less frequently by clarifica-
tion (n =5, 26.3%). All the mixed-methods studies had clari-
fication as a purpose, followed by description (n=10,
83.3%) and justification (n=7, 58.3%).

Setting and description of the use of CMs
Figure 2 (c) shows the type of curriculum, learner level and
disciplines reported in the studies. There was no reference

Figure 1. PRISMA flow diagram for included studies.
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a) Year of publication

o
o

Number of publications

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

c) Type of curriculum, learner level and

disciplines
Integrated curriculum
Oncology 1
Physiology i
Not stated / Not applicable 4
Not integrated curriculum
Anatomy 1
Pre-clerkship Immunology 1
Physiology, Pathophysiology & Pathology 2
Community Medicine 1
Infectious Diseases 1
Cerdahe Internal Medicine 1
Not stated / Not applicable 1
Pre-clerkship + Clerkship  Not stated / Not applicable 2
Curriculum not stated
Anatomy 2
Biochemistry 2
Immunology 1
Pre-clerkshij
4 Pharmacology 2
Physiology, Pathophysiology & Pathology 4
Not stated / Not applicable 1
Emergency Medicine 1
Gynecology 1
Internal Medicine 2
Neonatology 1
hi
Clerkehip Nephrology 3
Paediatrics 1
Primary Care 1
1

Not stated / Not applicable

Figure 2. Infographic summarizing key findings.

to the discipline in 3 of the 6 studies reporting an inte-
grated curriculum, and in one study the CMs were applied
to create a student’s portfolio for reflective exercises about
learning (Sieben et al. 2021). Ten (25.6%) studies described
the use of CMs in a not integrated curriculum, and 23
(59.0%) studies did not provide enough detail about the
curriculum. In these 33 studies, there was no difference
regarding the learning level of recruited students (pre-
clerkship: n=16, clerkship: n=15). The number of partici-
pants per study ranged between 6 and 440. In qualitative
studies, the number of participants ranged between 6 and
136, and the median was 45 participants, with an inter-
quartile range from 13 to 65. In quantitative studies, the
number of participants ranged between 20 and 440, and
the median was 75 participants, with an interquartile range
from 52 to 122. In two studies, the number of participants
was not reported.

Regarding how CMs were used, in 29 studies the stu-
dents constructed the CMs, in four studies half-filled pre-
prepared CMs were used, and in three studies teachers
constructed the CMs. In three studies CMs were con-
structed by students and half-filled CMs were used simul-
taneously. Leng and Gijlers (2015) and Kumar et al. (2011)
referred to the use of half-filled diagrams as a less valuable
tool for the more experienced students, who benefited
more from drawing diagrams from scratch.

Regarding the evaluation of the CMs built by the students,
specific tools were used to assign the maps score in nine
studies (Anantharaman et al. 2019; Bhusnurmath et al. 2017;

b) Geographical origin of included studies

Kisty,,

s

d) Kirkpatrick outcome level

30
25

Number of levels identified

Brondfield et al. 2021; Choudhari et al. 2021; Ezequiel et al.
2019; Penuela-Epalza and Hoz 2019; Radwan et al. 2019; Wu
et al. 2014; Wu et al. 2016). These tools were quite heteroge-
neous, and their results were not comparable.

In some studies, CMs were used together with other
pedagogical tools. The most used were problem-based
learning (PBL) (Addae et al. 2012; Anantharaman et al.
2019; Leng and Gijlers 2015; Rendas et al. 2006; Thomas
et al. 2016), case-based learning (CBL) (Fonseca et al. 2020;
Penuela-Epalza and Hoz 2019), and team-based learning
(TBL) (Knollmann-Ritschel and Durning 2015). In three
articles, the CMs were integrated into a cognitive represen-
tation tool with argument maps (Wang et al. 2018; Wu
et al. 2014; Wu et al. 2016) and in two studies with a port-
folio mapping tool to promote effective reflection
(Heeneman et al. 2019; Sieben et al. 2021). In one article,
CMs were used together with mind maps (Choudhari et al.
2021), in another with wordclouds (Loizou et al. 2022) and
in another with body painting (Bilton et al. 2017). A differ-
ent context was described in 2 studies (Langer et al. 2021;
Richards et al. 2013) in which the CMs were constructed by
faculty members in interactive conferences involving tutors,
pre-clerkship, and clerkship students.

Some of these studies are pilot interventions that paved
the way for subsequent interventions. Examples are Wu
et al. (2014 and 2016) and Wang et al. (2018); Richards
et al. (2013) and Langer et al. (2021); Torre et al. (2007) and
Torre, Daley, et al. (2017); Heeneman et al. (2019), and
Sieben et al. (2021).



A table summarizing the key features of the included
studies is presented in Supplementary Appendix 3.

Kirkpatrick outcome level

Kirkpatrick outcome levels of the studies are summarized in
Figure 2 (d). Kirkpatrick level 1 (perception/reaction) was
documented in 30 (76.9%) studies. In 7 (17.9%) studies
Kirkpatrick level 2a (change in attitudes) was documented,
and in 25 (64.1%) studies Kirkpatrick level 2b (change in
knowledge) was documented. No study reported outcomes
at Kirkpatrick level 3 (changes of behaviour) or 4 (change
in professional practice).

Quality of reporting and study methodology

Regarding the quality of reporting, 10 (25.6%) studies were
considered of high quality, which means low risk of bias, in
all five domains of the RAG ranking system (Addae et al.
2012; Anantharaman et al. 2019; Fonseca et al. 2020;
Gonzélez et al. 2008; Kumar et al. 2011; Langer et al. 2021;
Nath et al. 2021; Rendas et al. 2006; Sieben et al. 2021;
Torre et al. 2007). Thirty-six (92.3%) studies had a clear and
relevant description of theoretical models or conceptual
frameworks that supported their development; 22 (56.4%)
studies had a clear description of the cost/time/resources
needed for the development; 25 (64.1%) studies had clear
details of the educational context and learner characteris-
tics of the study, and also a clear description of relevant
educational methods employed to support delivery; and 21
(53.8%) studies had provision of detailed materials or
details of access. Five (12.8%) studies were considered of
low quality with a high risk of bias in at least 1 of the 5
domains (Baig et al. 2016; Bala et al. 2016; Bixler et al.
2015; Choudry et al. 2019; Surapaneni and Tekian 2013).
Regarding the study design quality, the CASP checklist was
applied to the eight qualitative studies. In question C10
(How valuable is the research?), one study had an excellent
value, four had a very good value, and three had a good
value. The MERSQI score was applied to the 19 quantitative
studies. The minimum value found was nine and the max-
imum was 14.5. The median was 12.6. MMAT was applied
to all 39 studies. According to the screening questions,
there were two articles with a negative answer to question
2, not being feasible for further appraisal through the five
criteria. The results of the quality assessment are presented
in Supplementary Appendix 3.

The impact on students’ critical thinking

The synthesis performed to answer the justification ques-
tion “What was the impact of CMs on students’ critical
thinking” integrates qualitative and quantitative data.
Table 1. displays the 18 studies that provided results dir-
ectly related to critical thinking, whose research purposes
were justification or justification and clarification, stratified
by Kirkpatrick outcome level. This is not a comprehensive
summary of all these studies’ results, as we only men-
tioned results that are related to critical thinking and
answered to a justification purpose.

Of the 18 studies, 9 evaluated students’ perceptions and
reactions (Kirkpatrick level 1), mainly through Likert-scale
questionnaires. Only a few studies used qualitative
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methods to obtain more comprehensive information about
students’ views on using CMs to develop critical thinking
skills. Overall, the general findings were positive, indicating
that students saw CMs as a valuable means of promoting
critical thinking. Veronese et al. (2013) also conducted tutor
interviews as part of their evaluation (Kirkpatrick level 2a).
Thirteen studies evaluated knowledge and/or skills
(Kirkpatrick level 2b). Some studies used critical thinking
scales, while others assessed knowledge with multiple-
choice questions, open-answer questions, problem-solving
questions, and CM scoring. Due to the diversity of instru-
ments applied and the heterogeneity of settings using
CMs, no direct comparisons could be made. Nevertheless,
most of these studies found statistically significant positive
results in critical thinking, except for Bixler et al. (2015),
who found similar scores on the California Critical Thinking
Skills Test before and after the use of CMs. Bixler et al.
(2015) attributed their results to the insufficient duration of
the intervention, not allowing the development and con-
solidation of such complex thinking processes and skills.

Educational impacts of interventions

An inductive content analysis of the educational impacts of
CMs was performed to answer the clarification question
“How and why have these interventions had an educational
impact?”. Table 2 lists all the educational impacts of CMs
described in the 39 selected studies, and in Supplementary
Appendix 4 they are listed according to each study. We
organized the educational impacts identified into the three
main themes described by Torre et al. (2007): CMs can
facilitate the integration of knowledge and critical thinking
(n=31, 79.5%), and can be used as a learning (n=31,
79.5%) and as a teaching (n =20, 51.3%) methods.

Twenty-two (56.4%) studies stated that CMs promote crit-
ical thinking skills. Seventeen of these studies were described
in the previous section and are shown in Table 1. The other
five studies answered research purposes of description
(Penuela-Epalza and Hoz 2019; Radwan et al. 2019) and clari-
fication (Richards et al. 2013; Sannathimmappa et al. 2022;
Torre et al. 2007). CMs were described in 13 (33.3%) studies
as a support for clinical reasoning, in 10 (25.6%) studies as
promoting the integration of basic sciences and clinical con-
cepts, and in 9 (23.1%) studies as a visual representation of
knowledge. There was also a reference to its role in enhanc-
ing problem-solving ability, facilitating information synthesis,
and as a reflective tool.

As a learning method, CMs stimulated knowledge acqui-
sition (n=19, 48.7%), allowed a better assessment perform-
ance (n=16, 41.0%), and promoted meaningful and deep
learning (n=15, 38.5% and n=11, 28.2%, respectively).
They also allowed identifying knowledge gaps and progres-
sive construction. Brondfield et al. (2021) described some
strategies to expand the benefit of using CMs and maxi-
mize their impact: introducing serial CMs earlier in the cur-
riculum, iterative practice and regular tutor feedback, and
developing CMs in collaboration with other students.
Periods of particularly high academic demand should be
avoided.

Finally, in 13 studies, the role of CMs as a teaching tool
(n=13, 33.3%), as stimulating collaborative learning (n=38,
20.5%), and as an assessment tool (n=4, 10.3%) was


https://dx.doi.org/10.1080/0142159X.2023.2281248
https://dx.doi.org/10.1080/0142159X.2023.2281248
https://dx.doi.org/10.1080/0142159X.2023.2281248
https://dx.doi.org/10.1080/0142159X.2023.2281248

M. FONSECA ET AL.

O
(]

(panuiauo3)

LSwjqoad [esjunpd
e BuIAjoS USYM BpaMOUy pauIMuIUl Yum Bujuoseas pue Bujuiyy [ediboj 1oy
2inpid PIAIA B PaIayo 1 1eyl ul saeaouul sem ydseosdde buiddew-annubod (7)),
-, 2bpajmouy a1eib31ul padjaH, SO :uonssnb papus-usadQ
"JOAJU %17 ‘A|9Jel %6°G | ‘Ajjeuoiseddo
%027 ‘Apuanbaly 951 € ‘sAemie 1sowle 949°Gg :9sed e Inoge A|jednd yulyp
,buluies| parejnbai-jjas/uoniubodelsw
pue ‘bupjuiyy [eanwd ‘uonesiuebio ‘UoIIRIOCRS JO) SSI0DS JSY Ul 3SeIUdUl
ue pajesisuowap s1sa1 PISW-1sod pue -aid s,/ jueddiyied jo uosuedwod vy,

‘palidde 1ou asreuuonsanb payI :dnoib josuo0d {(G/z8°€ dbeiane) ,buuiyy
Jeuories pajowoid pue didol ayy buipueisispun ur padjay, s :dnoib uonuanIdlu|
100> d ‘(lonuod) 6°0 4S ‘9'€ =W {(UonudAIdIY) G0 AS LY =W
> aIniny Joj pauleb abpajmouy Jo asn ayy pajowold poyiaw siy|
'10°0 > d (|oiu0d) 6°0 dS ‘L€ =W (UonuaAdIl 9°0 AS
‘9'y = W :sauljdidsip Juaiayip woly s1daduod jo uoneibayul pajowoid poyLw Sy
"L0°0 > d {(jonuod) 60 4S ‘6'€ = W ‘(U0RUSAIRIUY 90 AS ‘LY =W S|IDIS Bubjuiy}
|e2i1d pajowold poyiaw siyj bupjuiyl [ed13d 03 diads SWal AlleUUonsaINY

:bujuresy [edi

*100°0 > d ‘(jo13u0d)
(1'8) %ES' L ‘(uonuanIalul) (Z'L1) %80°L8 :WEeXd |eulj 9y} JO 2101s UOIIS disoubelq

‘1000 >d .A_.leﬁmv 6£1 9401S ||eldAO ZIND pue AN*\_.-m: ¢/ 9103S ||eloA0 [IAD
‘87'0=4d '¥1Z0

= ﬁva\_ pojeaAal a10ds 1) umwyquQ pue yd ¢ Qmﬂm J7WSN JO uolie|aliod uosiesd
‘voLo=d

'9/7°0 = (S7)4 pamoys a10ds | isa3-a4d pue | dais JTNSN JO UOIIRISII0D UOSIEdd

'/6°0=d ‘69 F9'G8 2103S | 153)-1S0d "9 F 6'EQ 94035 | 159}-3ld
(L0000 > d) Sa100s

UOIJBUIWEXD PUB S3I0JS D Y} UIIMII] UOIIR[9410d Juediyubis Alybiy e sem atay|
‘Aj9A1109dsal ‘sjeuly pue wualpiw
9Y} UO 9%7'H8 PUR %9/ dI9M SUOIIRUIWIEXD Y} JO) SII0JS UBIW dY} pUe ‘04/°69

pue %65 949M |eul} pue wilpiw §,95IN0d 9yl 1e S|AD 9yl 10j S2401S ueaw ay|
'10°0 > d ‘9%ge = Buiydeay jeuonipesy Joye

91035 suollsanb paseq-wa|qold ‘%09 = |\ JdYe 3103s suolisanb paseq-wajqoid
‘v00°0 = d ‘dnoib

]0J1U0D 3Y} UBY) S[9A3] |D Y} U0 J9NIRq ydnw pawlopdd dnoib uonusasiul ay|
‘leoo=d

‘UoilURAIRIUI JaYje paseasnul Ajpuedyiubis dnosb uonuaRlul BY1 Ul S3I0DS |
“(1o3u0d) LL'EFH0'0L PUB (UONUSAISIUY 62T F¥9'LL $3103S

1D 1593-150d ‘(]011U0D) ¥/°C F9'9 pue (UOIIUSAIDIUI) SGZ F89'9 :S3I0DS |D) 1591-aid

,waqoud |ediulp sy Jo swual ul Asiwaydolq
ul $3dadu0d JIseq Y} Nul| pue L3 Pue UOIRWIOUI 3y} deiHAIul 0} dqe
a19m A3y} anbiuyday buiddew 1daduod ayy jo anuia Aq 1eyy pauido syuedpiueq,
"92.68SIP 1BYMIWOS %67 ‘9d16esIp Jou 33168 JaURU 0 €T ‘9a1bR 1BYMIWOS %"/
‘aa16e A|buons 9,79z :,AbojoisAyd Buikpapun o3 suoneuasaid [edjulp sieRl sw digy SN,

suonsanb papus-uadp

suolisanb papus-usado
pue aireuuonssanb ajeds-uayI]

M3IAIRI]
O1SW

alleuuonsanb ajeds-uay

aJieuuonsanb ajeds-LayI]

(suonsanb
Jamsue-uado) wexa [eul4

21035 \D

15130

DDW 21095 WD

suonsanb paseq-wsajqoid

(9 wuoy) 15130

suopsanb papus-uado

alleuuonsanb ajeds-uayI]

(jo13u02)
$¢ = U ‘(uonuansBl) GZ=U
*(J00} aAIIUBO)
syuapnls Ag padnIIsuod S|D
(sioxy) g=u
wL=u
'syuapNis A Pa1dNIISuod S|D

L=U

'(19d) syuapnis Ag padNIIsuod S|
(|013u02)

0€ = U ‘(UOIIUAAIII) OE = U
"S)UBPNIS

£g pa1NIISUod SN pue s

(syuspnis €1-11 Jo sdnoub ¢) 05 =u
'(19d) swuapnis Ag paidNIIsuod S|\

(lo1u0d) 6E = U ‘(UOUIAIDWI) LE=U
'syuapnis AQ PaIdNIISuod s
0c=u

'syuapnis AQ pardNIISuod s

[C=u
's)uspnIs AQ Pa1dNIISUOd SIND

6SC=U
'syuapnls Aq padnisuod D
vclL=u

'SWD patedaid-aid

(jo13u02)
$G = U ‘(UOUBAIII) G =U
‘syuapnls AQ Pa1dNIISuod S|)

(|ou0d) G/ = U “(UOUBAIAI) G/ =U
'syuapnls Aq Pa1dnIISuod S
(OSNW 9S =U‘SRd LG=U) ELL=U
‘siaquiaw Ayndey Ag pa1dNIISU0d S\

810z [e 3@ buep

€107 [ 19 9SDUOIIA

910C ‘|e 19 sewoy]

LC0T "|e 19 Leypnoys

CL0¢ ‘e 19 seppy
(1 You3pdyiry) uondpay / uondadiad
uonedyLe|) pue uonesyisny

¥10T ‘[ 33 plejiploes

610 ‘|e 19 |9Inbazg

SL0T ‘[ 10 J3IXIg

£10T °|e 19 Ylewunusnyg

910¢ '[e 19 ejeg

L¢0z ‘e 19 lwe|sy
(qz youavdyty) abpajmouy ur abupyy

€10z uenja] pue jusuedeing
LZ0T ‘|8 33 JabueT

(1 Yo13pdyary) uondpay / uondariad
uonesynsny

awomnQ

juswiniisul buunseapy

{Pasn 21am SPD MOH

loyiny

‘uonledyied pue uoredysnl 1o uonedynsnf a1am sasodind ydieasal asoym ‘BupjuIyl (eI ,SIUSPNIS UO IPedwl YIm SIIpNIs 3y} Jo Synsay ‘L d|qel



MEDICAL TEACHER 1127

‘uoneulwex3 buisuadIT [eIIPSIN SIS PAUUN FTNSN ‘UOIRIASP plepuels :dS ‘suoabing i3 suepisyd Jo aba|j0) AusIaAlun eiquinjo) :§19d ‘Buluies) paseq-wajqoid 1gd ‘euljose) Yyinos jo Ausisaun
[e2IP3 DSNIW ‘2ireuuonsanb Bujuies) 1oy saibajents pajeanow DS ‘dew puiw W ‘uonsanb ad10yd-3jdinw I ‘uesw |y ‘Bupuiyl [ednud 1) ‘dew 1daduod D ‘1591 S||S Bupjuiyl [ednLd eluoge) 1§1DD) SUoneIAdIqqy

'S00>d ‘ST = 4p 'L9T=1
‘91'0 = dnoib uonuaAIRIUl BY) Ul ddueWIOHSd ||BJSAO 3Y} Ul DUSISYIP palied
*(]o13u0d) €1°0 @S ‘6€°0 PUe ‘(UoIIUBAIRIUL) ST°0 AS ‘S50 :S2100s dew Ised Iseq
*(Jonuod) €1°0 A4S ‘8E°0 pue ‘(uoruSAIRUL €1°0 AS ‘6£°0 524035 dew 3sed Isil4

"L00°0 > d ‘(¥1'0 @S) 8€°0 24005 dew ased ise| ‘(L1'0 AS) ¥T'0 2103s dew 3sed isiiy
'§19'0 =d ‘(jo1u0d)

£0°L @S ‘88 {(uonuanRIul 86'0 QS ‘¥0°€ :2Bpaymouy Bulkuspun jo uonesynusp

'00°0=d ‘(jo13U0d) $T'L S ‘L6°T ‘(UOUBAIRIY) €0°L S ‘86°€ :UOISN|PU0d dfisoubelq

‘Llzoo=d
‘(jouod) 60'L @S ‘€1°T {(uonuanizlul 80'L AS ‘96°C :Buluoseas Kq uonesynsny
‘v100=d

‘(103U02) ZO'L @S ‘TZL {(UOnUBAIBIUY) 89°0 (S ‘b7 :UOIRINWIO) S3s3YI0dAH
'865°0 = d ‘(]0J3U0D) $8°0 AS ‘60°€ ‘(UOUBAIRII $60 AS ‘v6'C :2inded eleq

"€L00°0 =d ‘(]01U0D) 6€°L S ‘6L =W (UONUBAIRUI) 8L'L AS ‘9°E =W :SINSAI Wex]

'G0°0 > d “(joJ3u0d)
607 F90°€7 puUB (UOHUIAIDIUI) ZT'E F §8'67 “UOIRUIWEXD UMM U} JO 3103S UBS|N

'L00°0>d ‘00 F LO'LL ‘(UOUIAIDIUL) 0Z'0F £T°TL Sy4ew suonsanb Bulajos-w|qold
(100000 =d)

D dnoub pue (61000 =d) g dnoib uey} 431199 SI 94035 1s93-3s0d y dnoin

*(D dnoib) ¥1Z F08°€ ‘(g dnoib) 8/'L F 09 ‘(¥ dnoib) 78'L F 059 1521035 1533-1504

"0 dnoib) 06°L F#L'T ‘(g dnoib) z9'L F0€°€ ‘(¥ dnoib) $9'L F 08 :53403s 1533-31d
"SUOI}RIISUOWISP pUe N3] 1) dnoiD "suoiesIsUOWIP

pue sainyd3| |euonipely pue siyD pasedasd-aid :g dnoig ‘s|y) 01 pasodxd :y dnoin

‘bujuoseas pue bupuiyl
,S1U3PNIS BAIDSCO 42113 0} S101n) Buimojje pue a1edidined pue sndoy Janaqg
0} suapnis buidjay ‘jelio1ny 01 ain1dns aJow papiroid SIND 1eyy 134 os[e sioIn|
(,Aljeradns 1snf 0y pasoddo se Ajjeonsijoy wajqoid e iapisuod
0] Pa2J0) 3Je NOA SUOIIDBUUOD 3SOY) ew 0] padioy buleq Ag “swisiueydaw
19y10 03 swsiueydsw pue swoldwAs 01 swsiueydsw yulj Apdidxs pue weibelp
01 aAey noA uoniuyap Aq asnedaq ‘uolysey snosobu e ul wajqoid e noge
Juiyl 01 noA 33104 SWD NuIyl |,,) Bupjuiyl [ednud budueyus se s paquIsIp
si01n] "s[eloin) uj [001 Bujuies| e se sy buisn Jo S1YaUIQ [eIDADS PalIULPI SI0IN|

2102s depy

21005 depy

1odas buinjos-wa|qoid

wexs BulAjos-wa|qoid

uofeuIwexs UM

suopsanb bulajos-w|qold

(Butuies)
SAINUbB0d 1aybiy) SDOW

MIIAIDUL JOIN|

(lo13u0d)
97 = U '(UOIUSAIRII) 97 =U
*(1003 dAIMUBOD)
syuapnis AQ Pa1oNIISUOd SI\D
67=U
*(1003 9AIMUBOD)
sjuapnis Aq Pa1dNIISUOd SI\D

(1013u0)

$7 = U ‘(UOIUAAIAI) GZ=U
*(1003 dAIUBHOD)

sjuapnis Aq Pa1dNIISUOd SND
(1013u0)

6€ = U ‘(UOIRUBAJIII) €8 =U

'syuapnIs AQ PardNIIsuod sy

(103u02)
0€ = U ‘(UolIUBAIBIY) QS =U
"SUIPNIS
Aq padniIsuod SWIN pue sy
i=u

'sjuapnIs AQ Pa1oNIISUOd S|ND

‘SO pasedaid-aid
pue syuspnis Agq paidnIsuod spyd

(s10y) g=U
wl=u
'suapnIs AQ Pa1oNIISUOd SIND

910T e 313 NM

¥10C e 319 NM

810z ‘[e 3@ buep

800¢ ‘|e 19 Z3|ezuon

L0 '|e 19 Leypnoy)

9107 ‘e 12 bieg

810C ‘|e 39 pueuy
(qz ou3pdyty) abpajmouy ur abupby)

€107 ‘|e 19 9S3UOIIA
(pz YuIpdyny) sapnynp ul abubyy

(jo13u0d)
“(¥/06°0 97 = u ‘(uonusnIAl) 97 =U
as ‘LL'T=W :|oau0d b/ /60 AS ‘ZL'T =W :uoiusdiul) ssadold bujuoseas *(jooy aAIub0?)
9y} Ul d)eIdpow 3q 0} suteb bujuies] paadiad J1ayy payiodas sdnoib yiog aireuuonsanb ajeds-payI] s)uapnls Ag padnIIsuod s|\D 910Z "2 3@ N\
6C=U
*(jool aAUbOD)
'88'0 A4S ‘v/£8°L AM|iqe buiajos-wa|qoid ul suieb bujuies| paaledIad aJieuuonsanb ajeds-pay ] syuapnys Aq paldnIIsuod Sy #1027 ‘| 1@ N\
awodnQ juswinisul buunseapy {pasn 213Mm SO MOH loyiny

"panunuo) ‘| |qel



1128 M. FONSECA ET AL.

Table 2. Educational impacts of CMs on undergraduate medical students.

Themes Educational impact n Total
Facilitator of knowledge integration and critical thinking Promoting critical thinking skills 22 31
Supporting clinical reasoning 13
Integrating basic sciences and clinical concepts 10
Visual representation of knowledge 9
Enhancing problem-solving ability 6
Facilitate information synthesis 6
Reflective tool 2
Pattern recognition 1
Learning method Stimulating knowledge acquisition 19 31
Better assessment performance 16
Promoting meaningful learning 15
Promoting deep learning 1
Identify knowledge gaps 6
Progressive construction 3
Teaching method Teaching tool 13 20
Stimulating collaborative learning 8
Assessment tool 4

reported. Related to the fact of being a teaching tool,
Penuela-Epalza and Hoz (2019) and Torre et al. (2007) high-
lighted the interaction between students and teachers,
which should occur dynamically, as students build their
CMs, and teachers’ ongoing feedback, as essential features
for the success of the activity. The contexts were different
in the four studies in which the CMs were used as an
evaluation tool (Brondfield et al. 2021; Knollmann-Ritschel
and Durning 2015; Loizou et al. 2022; Radwan et al. 2019).
The students built their maps in all of them, mostly as indi-
vidual tasks but sometimes in groups and using other
pedagogical tools. Brondfield et al. (2021) highlighted that
concept mapping was a feasible and reliable assessment
tool, but additional validity evidence may improve its util-
ity. Radwan et al. (2019) concluded that the significant cor-
relation between the 6th-year medical student’s ability to
construct CMs and their clinical reasoning skills was a start-
ing point for the application of CMs as an assessment tool
for evaluating clinical reasoning skills.

Resources required to implement CMs

Most studies did not make direct reference to the resour-
ces. The need for student training was stated in several
references as a prerequisite for the successful implementa-
tion of CMs. These sessions varied between studies. Some
groups described them as sensitization sessions, where
detailed instructions were given and pre-prepared maps
were used. In other studies, an introductory video was cre-
ated, which included sample maps for students’ reference,
or explanatory written documents were given to students
(Anand et al. 2018; Aslami et al. 2021; Brondfield et al.
2021; Choudhari et al. 2021; Bixler et al. 2015; Ezequiel
et al. 2019; Fonseca et al. 2020). Using CMs mostly required
curricular time allocated for this purpose (Anand et al.
2018; Ben-Haddour et al. 2022). Brondfield et al. (2021)
stated that these sessions usually occurred in extra time.
Reference to teacher training was made in some articles,
which occurred as previous sessions specifically oriented to
the use of CMs, or with the recommendation of a bibliog-
raphy on CMs (Bhusnurmath et al. 2017; Fonseca et al.
2020; Nath et al. 2021; Veronese et al. 2013). The teacher’s
role was also mentioned as a key factor, both as a facilita-
tor and guide, as well as providing feedback to the student
(Surapaneni and Tekian 2013).

Regarding the support used to build the CMs, there
were references to specific software in 18 (46.2%) studies.
CmapTools software was used in eight studies, a specific
electronic web-based platform was used in two studies,
and a specific E-learning system was used in two studies.
The other articles referenced other software such as
Inspiration, Gephi, cognitive mapping software, and SMART
Ideas. In 7 (17.9%) articles, the support was paper and pen
or whiteboard. The support was not mentioned in 18
(46.2%) articles.

Discussion

CMs were described by Novak more than 30years ago and
are widely used in health sciences (Daley and Torre 2010).
Specifically applied to undergraduate medical students, 39
primary studies were published since 2006, mostly in the
USA and India. CMs have been used in medical schools as
part of an integrated curriculum and of a not integrated
curriculum. Curriculum information was not provided in
some studies, which likely corresponded to medical schools
without an integrated curriculum, based on the description
of the context. The number of studies that used CMs in the
pre-clerkship and clerkship groups was similar. It is interest-
ing to note that CMs were used at almost all learning lev-
els and in different disciplines with different types of
curricula, underscoring the plasticity of CMs as a tool that
can be used in a wide variety of settings. In some of the
studies, other educational strategies were used in conjunc-
tion with CMs. Mostly PBL, CBL, and TBL were used, and
the strategies were well aligned and produced good
results, but this makes it difficult to assess the actual
weight of each of these strategies individually.
Constructing CMs requires that students learn the tool
itself, so it is important that they learn how to build CMs
beforehand. This tool development process takes time, just
like any other pedagogical strategy. Appropriate software
can also improve the user experience, and the use of half-
filled pre-prepared maps is another strategy often used to
reduce the amount of time students spend and avoid the
perception that maps may be time-consuming (Baliga et al.
2021; Heeneman et al. 2019; Veronese et al. 2013). Initial
resistance often gives way to widespread acceptance as
students come to appreciate the benefits of CMs (Veronese
et al. 2013). However, as a learning method, CMs may



benefit some learners and not others, depending on stu-
dents’ learning preferences, as Torre et al. (2007) stated.

Also noteworthy is the great heterogeneity in the visual
representation of the CMs. Although the presented defin-
ition of CMs met the inclusion criteria of this review, the
diagrams described in some studies were less Novakian
and more flexible, sometimes evolving into other layouts
with a higher degree of complexity (Wang et al. 2018; Wu
et al. 2014; Wu et al. 2016). In two studies, this greater
graphic flexibility was also associated with the goal of
promoting effective reflection by CMs (Heeneman et al.
2019; Sieben et al. 2021). In some other studies, the dia-
grams were not presented, not even in supplementary
material, which made it difficult to analyze the data and
affected comparisons across studies.

As with students, teacher training is seen as a key factor
in maximizing the potential of CMs in teaching. As a graph-
ical representation, CMs enable teachers to observe gradual
knowledge acquisition and student difficulties, knowledge
gaps and misconceptions, being important teaching tools.
CMs were also described as tools that improved collabora-
tive learning. Collaborative conceptual mapping has also
been linked to the potential benefits of an active learning
approach that stimulates peer feedback and inquisitive
competencies (Bixler et al. 2015; Richards et al. 2013; Torre,
Daley, et al. 2017).

Regarding the assessment of learning outcomes, some
studies have scored CMs. These scoring tools have not yet
reached a consensus, and their results are not comparable.
Although work has been published in this area (West et al.
2000; Torre, Durning, et al. 2017), no validated scores can
be extrapolated to the different uses of CMs.

The impact of CMs on medical teaching and learning
reported in the studies included in this review is similar to
that reported in the recent AMEE Guide No. 157 (Torre,
German, et al. 2023). In this publication, Torre, German
et al. (2023) highlighted that CMs are useful tools in teach-
ing and learning because they also encourage peer teach-
ing and allow learners to both view and reflect on their
knowledge structures, fostering metacognition and critical
reflection. CMs can accompany students’ progress, enabling
a graphical representation of knowledge. Their ability to
visually organize and connect knowledge allows learners to
identify connections between ideas, deepen comprehen-
sion, and develop critical thinking skills. By providing a
structure of ideas and concepts, CMs, as a scaffold, facili-
tate complex topics and ideas understanding (Choudhari
et al. 2021; Leng and Gijlers 2015; Wang et al. 2018; Wu
et al. 2016) and support the development of higher meta-
cognitive functioning (Thomas et al. 2016). In this review,
we found relevant studies that stated a positive effect of
CMs on critical thinking, both in terms of students’ and
teachers’ perceptions and in terms of quantitative out-
comes. However, it became clear that the measurement of
critical thinking remained difficult to quantify, largely due
to the difficulty of objectively defining this concept and
due to the inherent difficulty of measuring mental proc-
esses and attitudes. On the other hand, as stated by Huang
et al. (2014), to assess attitudes toward critical thinking,
teachers may use a range of inventories in addition to dir-
ect observation of the learner. Thus, no direct comparisons
could be made due to the diversity of the instruments
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applied and the heterogeneity of the settings using CMs.
Nevertheless, this review found a clear relationship
between CMs and critical thinking. CMs are pedagogical
tools that stimulate a higher metacognitive functioning in
medical students, allowing them to connect basic sciences
with clinical concepts, at any stage of the learning level,
through a visual representation of knowledge, thus pro-
moting reflective process and clinical reasoning. Torre,
Chamberland, et al. (2023) also mentioned the concept
mapping exercise as one of the clinical reasoning teaching
tools in the AMEE Guide No. 150. As stated by Demeester
et al. (2010), in a revision about CMs as a strategy to learn
clinical reasoning, CMs can help students summarize clin-
ical cases or plan a course of action, helping them develop
critical thinking in an analytical form and progress towards
the competence of clinical reasoning.

Quality of reporting and study methodology

The broad scope and diversity of the studies under analysis
allowed for collecting data related to the specific use of CMs
in different contexts. Globally, the studies had a good quality
of reporting, particularly regarding the description of theoret-
ical models or conceptual frameworks that supported their
development. High-quality studies stand out for their clarity
and detail, which allows a better understanding of the spe-
cific context reported. On the other hand, better reports on
the description of relevant educational methods and the pro-
vision of more detailed materials (or details of access) would
be desirable to reduce risk of bias and ensure the reproduci-
bility of the interventions.

Regarding the study methodology, qualitative studies
had good to excellent quality when assessed by the CASP
tool and MMAT. In some, better reporting of participant
recruitment, data collection, participant-researcher relation-
ship, and data analysis could have helped make their find-
ings more robust. In the MERSQI score, the main
discrepancy between the quantitative studies was related
to the study design. The randomized controlled trials, the
nonrandomized controlled trial, and the randomized cross-
over trial had better scores in domain I. Regarding domain
VI, the maximum value obtained was 1.5 due to Kirkpatrick
level 2 being the highest. Regarding the mixed-methods
studies, the weaknesses identified by the MMAT were the
inappropriate use of the mixed methodology, the ineffect-
ive integration of the components, and the way of dealing
with divergences between the data. Given the heterogen-
eity in the use of CMs, it is crucial to provide a clear and
comprehensive description of how CMs were used, this
being the point of improvement in studies whose quality
assessment was lower. We expect that this assessment will
guide the reader: the methodology adopted in each inter-
vention and how it is written may affect its reproducibility.

Strengths and limitations

This work corresponds to a mixed-methods systematic
review carried out following the guidelines of BEME. The
search strategy was robust, carried out in several data-
bases, and conducted in collaboration with a medical
librarian. A search update was conducted to keep the
results current. The process of selecting articles, extracting
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data, and quality assessment was carried out independently
by two authors.

The main limitation of this work is related to the diffi-
culty in defining critical thinking and its related constructs,
such as diagnostic reasoning, problem-solving, and clinical
reasoning. Our understanding of clinical reasoning (Young
et al. 2020) and the working definition of critical thinking
(Huang et al. 2014) helped us make sense of the data.
However, the working definition of these concepts was not
always clear in primary studies, which led to difficulties in
interpreting and synthesizing some results.

Another limitation we felt was related to the perform-
ance of the mixed-methods review. The translation of the
results of the quantitative synthesis into qualitative themes
or vice versa was not possible due to the heterogeneous
use of CMs in the different articles. In some studies, CMs
were the intervention and assessed by other tools. In other
studies, they were the tool used to evaluate the interven-
tion itself, which in some contexts involved simultaneously
using other educational tools.

Implications for practice

How CMs are introduced in the undergraduate medical
student curriculum may dictate the success of their use.
CMs should be a thoughtful tool made available for many
disciplines of undergraduate medical education, preferably
at the beginning of the course, to allow for continuous
integration of basic sciences and clinical concepts. The fact
that they should be introduced in the early years allows
CMs to be revisited and improved later. CMs should be
carried out serially and in significant numbers since it had
been documented that an increase in student performance
correlates with the number and quality of CMs used in the
teaching and learning sessions (Bhusnurmath et al. 2017).
The possibility for students to improve their CMs over
time is positive and promotes critical thinking skills.
Construction and discussion of CMs in a group can be
beneficial in certain situations. Clear guidelines for CM
construction should be given to students at the beginning
of the task. The use of complementary pedagogical strat-
egies can also be positive, however, their application
should be adapted to the context and used strategically to
respond to the purpose of their use (Torre et al. 2007).
The time for construction should be safeguarded to avoid
colliding with other priority demands or clinical activities
(Ben-Haddour et al. 2022) and to prevent a reduction in
student motivation. Resources and strategies should be
implemented to reduce the perception of it being a time-
consuming activity, such as using specific, user-friendly
software with prior training sessions (Torre, Daley, et al.
2017). Alternatively, starting with half-filled pre-prepared
maps and gradually increasing the degree of autonomy in
their construction as students evolve, can also be an
option. The teacher’s role as a facilitator, motivator, and
guide, which also must be prepared, is fundamental in giv-
ing feedback to students.

Implications for research

From a research perspective, several studies point out the
need to include a control group, more participants, and

randomization to allow for the generalization of results and
to abolish the selection bias of voluntary participants. The
non-contamination of the intervention and control groups
is also an important point, as is the non-contamination
from other educational tools used simultaneously.

It would be interesting to extrapolate to other disci-
plines and systematically conduct multicentre studies
(Torre et al. 2007) involving collaborative learning. As
mentioned by Gonzéalez et al. (2008), longitudinal evalu-
ation may allow for drawing conclusions on the impact of
the intervention on the permanence of meaningful learn-
ing and the ability to transfer knowledge to other and
more complex contexts. This could be studied by tracking
the student participants through subsequent semesters.

Many studies present only Kirkpatrick outcome level 1,
and their conclusions rely only on the perceptions of stu-
dents and sometimes tutors. It is useful, as is done in some
studies, to compare them with other measures of student
performance. One suggestion is to analyze the connection
with other knowledge or clinical skills measurements such
as USMLE or OSCEs for future studies (Torre et al. 2007).
The possibility of measuring changes in the behaviour of
subjects and/or changes in professional practice remains to
be performed.

The score of the CMs continues to be an area to be fur-
ther explored to allow its use as an assessment tool. Clear
evidence of reliability and validity is still necessary (Wang
et al. 2018).

Conclusions

CMs are teaching and learning tools which seem to
help medical students develop critical thinking. This is
due to the flexibility of the tool as a facilitator of know-
ledge integration, as a learning and teaching method.
The wide range of contexts, purposes, and variations in
how CMs and instruments to assess critical thinking are
used increases our confidence that the positive effects
are consistent. At the same time, this large variation
makes it unclear how large the effect of CMs on critical
thinking is.

We encourage medical education professionals to expli-
citly mention all outcomes, including relevant educational
theories, so they can serve as a scaffold for debating and
acquiring new knowledge. Careful reporting of sound edu-
cational innovations is essential for reproducibility and
advancement of scientific knowledge.
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