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Abstract

Background Clinical reasoning significantly impacts physicians’ performance and patient care quality. Research
into learning transfer within clinical reasoning education, especially in managing multimorbidity in Family Medicine,
is crucial. This study evaluates the impact of concept maps (CMs) on promoting clinical reasoning skills among
undergraduate students, compared to traditional teaching methods (TM).

Methods A mixed methods approach was used in a controlled, non-randomized study with fifth-year Family
Medicine undergraduates allocated to sessions using either CMs or TM. Quantitative data included a feedback
questionnaire and evaluation of an individual task. Qualitative data comprised responses to an open-ended question
and analysis of problem representation in the individual task.

Results Among 313 eligible students, 112 participated (CM: 60, TM: 52). Both groups reported high satisfaction with
their teaching methods. The CM group valued the holistic view and organization for managing multimorbidity cases,
showing higher odds of positive scores on individual tasks (differences not statistically significant). Additionally, the
CM group had a more homogeneous code matrix for problem representation in two clinical vignettes.

Conclusions While no definitive evidence supports the superiority of CMs over traditional methods, promising
trends were noted. The CM group showed improved performance in individual tasks and better organization in
managing multimorbidity cases. Further investigation is recommended to explore varying levels of CM usage and
modifications to pre-class workloads.
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Background

Even in the age of artificial intelligence, clinical reason-
ing remains the cornerstone of effective medical practice
[1]. This core skill critically influences physicians’ perfor-
mance and, consequently, the quality of patient care [2].
Paradoxically, despite its centrality to medical practice, a
universally agreed-upon definition of clinical reasoning
remains elusive, and it is often assumed to be universally
understood. The terminology and boundaries between
concepts like clinical reasoning, critical thinking, deci-
sion-making, problem-solving, clinical judgment, and
diagnostic reasoning are often used interchangeably [3].

For the purposes of this manuscript, we define clini-
cal reasoning as a comprehensive concept that includes
reasoning skills, reasoning processes, and outcomes of
reasoning [4—6]. Clinical reasoning encompasses several
components: information gathering, hypothesis gen-
eration, problem representation, differential diagnosis,
management and treatment, and diagnostic justification
[4]. Acquiring these skills is essential for medical stu-
dents yet, teaching them effectively remains challenging.
Research into learning transfer within clinical reasoning
education is necessary [7], as current literature on how to
evaluate clinical reasoning remains fragmented, despite
numerous available methods targeting different measure-
ment components [3, 4, 8].

In Family Medicine, patients with multimorbidity —
that is, with multiple chronic conditions — are present
in daily clinical practice [9, 10]. Family physicians often
do not feel sufficiently trained or confident in managing
such patients. It is not feasible to apply the sum of guide-
lines for single diseases to patients with multiple condi-
tions, and there are few specific guidelines for patients
with multimorbidity. Additionally, managing polyphar-
macy, which often involves navigating drug-drug and
drug-disease interactions, complicates care. There is also
a need to integrate the participation of several healthcare
professionals [11]. For these patients, a patient-centered,
holistic approach aimed at improving quality of life is
essential [11, 12]. Instead of focusing solely on diagnostic
precision, clinical reasoning processes should embrace
this comprehensive approach. Effective teaching should
equip students with these clinical reasoning strategies to
enable future physicians to better manage multimorbidity
[11]. The critical components of clinical reasoning in the
context of multimorbidity include information gathering,
problem representation, and the management and treat-
ment plan. Information gathering is the active process of
acquiring patient data and, in the case of multimorbid-
ity, involves synthesizing multiple inputs from various
healthcare professionals. Problem representation is the
dynamic mental representation of the patient’s relevant
aspects and, in multimorbidity, should incorporate a
patient-centered approach. Finally, the management and
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treatment plan enables tailoring care to each patient’s
unique circumstances and illness experience [13].

Concept mapping emerges as a powerful pedagogi-
cal tool that fosters knowledge integration and critical
thinking [14, 15]. In the context of clinical reasoning,
concept maps (CMs) offer a structured approach to
organizing complex information that can be adapted to
different contexts, allowing educators to tailor them to
specific learning objectives. CMs, as “schematic device
for representing a set of concept meanings imbedded in
a framework of propositions” [16], can simplify complex-
ity and foster higher-order thinking skills (metacogni-
tion) in medical students. This facilitates the integration
of information from various topics and promotes deeper
understanding, which is essential in the management
of multiple chronic conditions, drugs, and healthcare
providers. Despite their potential, the use of CMs to
enhance clinical reasoning among medical students
remains unclear [15, 17], particularly its effectiveness
in promoting clinical reasoning among patients with
multimorbidity.

This manuscript is part of an action research project
[10, 18] focused on a CM-based pedagogical intervention
to facilitate clinical reasoning in multimorbidity patients
during clinical clerkship [19]. We focused on the devel-
opment and implementation of this educational inter-
vention, as well as its evaluation to guide future planning
of this strategy [20]. An overview of the larger project is
provided in the Supplementary Material 1. In this study
we aimed to evaluate the impact of CMs in promoting
clinical reasoning skills, particularly information gather-
ing, problem representation, and management and treat-
ment, among undergraduate students in the management
of multimorbidity, comparing it to traditional teaching
methods.

Materials and methods

Study design

This manuscript reports a mixed methods approach using
a convergent design within a controlled, non-randomized
study. Quantitative and qualitative data were collected in
parallel, first analyzed separately and then merged dur-
ing the interpretation phase to provide a more compre-
hensive understanding of the results [21, 22]. We sought
qualitative data to illuminate and validate the quantita-
tive findings. Figure 1 presents a diagram illustrating the
relationship and sequence of the quantitative and qualita-
tive research components. We were guided by the check-
list for mixed methods research manuscript preparation
and review described by Lee et al. [23].

Setting
The curriculum at NOVA Medical School (NMS) is a six-
year degree comprising three distinct stages: the first two
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Baseline characteristics
of the students.

Demographic
questionnaire

Qualitative component Mixed methods
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Fig. 1 Diagram illustrating the relationship and sequence of the quantitative and qualitative research components (* information gathering, problem
representation, and management and treatment plan are components of clinical reasoning described by Daniel et al. [4])

years are pre-clerkship, followed by three years of clerk-
ship, and concluding with a transitional year into prac-
tice. Within this framework, this study aimed to extend
the use of CMs into the clerkship stage, specifically
within the Family Medicine course for fifth-year students.
In the Family Medicine course, students attend one week
of seminars and simulation training, three weeks of clini-
cal experience, and a final week of seminars. These semi-
nars, which are held in groups of 40 students, focus on
discussing clinical cases related to the management of
patients with chronic conditions. The educational ses-
sions described in this study were held in the final session
of the seminar series, which is repeated annually with six
student cohorts.

Participants

All fifth-year students enrolled in the Family Medi-
cine course across eight consecutive students’ cohorts
over three semesters, spanning from the fall semester of

2022-2023 through the fall semester of 2023-2024, were
eligible to participate. At the beginning of each session,
students were informed that data collected would be
anonymized, used for research purposes, and would not
affect their final assessment. Written informed consent
was obtained from each student.

Educational sessions

A brief description of how educational sessions were
developed during the larger action research project is
provided in the Supplementary Material 1.

The educational sessions were planned as a pre-class
assignment followed by a two-hour face-to-face session
for classes of approximately 40 students. Each session
focused on a clinical vignette based on a real patient with
multimorbidity. Three clinical vignettes with equivalent
health problems were created and aligned with the course
syllabus to avoid contamination between classes (the
vignettes can be found in the Supplementary Material 2).
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For each clinical vignette, two versions of the educational
session were developed: one used CMs (CM group),
another used traditional teaching methods (TM group).
Due to logistical constraints and to the small number of
randomization units, we chose alternation over random-
ization to allocate students’ cohorts. Simple randomiza-
tion was unlikely to ensure a balanced distribution of
baseline characteristics. Alternation, however, guaran-
teed that each vignette was used at least once across the
two groups (the sequence is shown in the Supplementary
Material 3). This method not only reduced administrative
burden but also enabled immediate implementation fol-
lowing an addendum of ethical approval.

The plan of the educational sessions, including the dif-
ferences between the groups, is shown in Fig. 2. Eighteen
days before the face-to-face session, on average, students
received individual emails requesting them to complete
the pre-class assignment. This task involved summariz-
ing a specific section of the clinical vignette, focusing
on only one disease. The email provided instructions for
completing and submitting the pre-class assignment. The
CM group was requested to create a small CM, while the
TM group was asked to write a short text document. The
CM group also received a video tutorial with instructions
on CM construction. The face-to-face session had the
same structure in both groups. Each session began with
a presentation of the complete clinical vignette, followed
by a brief discussion in small groups. Subsequently, a
comprehensive whole-group discussion was facilitated
by the tutors. In the CM group, the tutor constructed a
CM on the whiteboard that incorporated the students’
comments and contributions. In contrast, the TM group
engaged in a discussion, with key points recorded topi-
cally on the whiteboard. All students were then instructed
to complete an individual task: write a management and
treatment plan for the patient on a sheet of paper. Finally,
after a brief final whole group discussion, students were
asked to complete an individual feedback questionnaire.
The tutors were part of the research team.

Data collection and analysis
Quantitative and qualitative data were collected concur-
rently and were extracted from:

« baseline characteristics of the students were
collected from a brief demographic questionnaire
completed by the students and from the NMS
academic division, which provided the students’ pre-
intervention academic mean scores (on a scale of 0
to 20).

+ an anonymous, individual feedback questionnaire,
which students completed at the end of the face-
to-face session. It consisted of four closed-ended
questions using a five-point Likert scale (strongly
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disagree =1 to strongly agree =5) and one open-
ended question (Supplementary Material 4). We
pre-tested the questionnaire with a group of five
second-year medical students. These students

had experience constructing CMs during their
pre-clerkship period and were ineligible for study
inclusion. No changes were suggested based on the
respondents’ feedback during pre-testing.

+ the individual task performed in the face-to-face
sessions. Three members of the research team (MF,
MB, PB), trained to evaluate the individual tasks,
independently and blindly assessed the individual
tasks after all data collection was complete. They
focused on three components of clinical reasoning:
information gathering, problem representation,
and management and treatment. The evaluation
of these components was conducted using a scale
developed by the research team for this purpose
(Table 1), based on existing instruments [11, 24—28]
but adapted to our specific context. Since the scale
was new, not validated, and not very discriminative
(score of 1 to 3), the research team decided to
conduct a parallel qualitative assessment, which was
performed by two members (MF, JP). The plans were
transcribed and coded deductively according to the
problems represented in each of them (item II). This
item was selected because it was more objective
and suitable for an unconventional and innovative
evaluation.

Quantitative and qualitative data were initially analyzed
separately.

Quantitative data were summarized using descriptive
statistics. The main analysis involved the Mann-Whit-
ney test, appropriate for the ordinal outcome variables
in our individual feedback questionnaire data and indi-
vidual task assessments. Additionally, sensitivity analy-
ses were conducted by converting ordinal variables to
dichotomous outcomes (Satisfactory/Good plan vs.
Unsatisfactory plan) and by creating a composite variable
(Satisfactory/Good plan on all items vs. any item rated
Unsatisfactory). Logistic regression models were applied
to these dichotomous outcomes, both unadjusted and
adjusted for age and gender. Descriptive statistics and
Mann-Whitney tests were performed using IBM SPSS
Statistics (version 29.0.0.0), whereas logistic regression
analyses were conducted using R (R Core Team, 2024; R
Foundation for Statistical Computing, Vienna, Austria).

Regarding qualitative data, we conducted an inductive
thematic analysis using the results of the open-ended
question from the individual feedback questionnaire.
Data were compiled, and then coding was applied by
ME. This process involved reading the transcripts, high-
lighting all text relevant to the research questions,
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Table 1 Scale for quantitative assessment of the individual task
(individual management and treatment plan written by each
student)

Item Score
I Information The process of acquir- 1 Unsatisfactory
gathering ing the data needed 2 Satisfactory
to generate or refine 3 Good
hypotheses. The selec-
tion of information is
driven by knowledge
representations of
disease.
I Problem The dynamic mental 1 Unsatisfactory
representation representation of allthe 2 Satisfactory
relevant aspects of the 3 Good

case (including the pa-
tient’s clinical findings
and biopsychosocial

dimensions).
Il Managementand The actions that follow Unsatisfactory
treatment the clinical reasoning 2 Satisfactory
process, including 3 Good

prognostication, man-
agement, treatment,
prevention strategies,
and palliation of symp-
toms and justification
for such actions.

categorizing the marked texts, and creating new codes.
Each transcript was coded at least twice. Codes were
assigned and organized into themes. Qualitative analy-
sis of the problem representation item of individual
tasks was performed using a deductive approach. A list
of problems previously identified in each clinical vignette
was used to ensure that participants’ responses appro-
priately addressed the problem representation item.
The coded data were represented in a tabular format
using a code matrix browser, allowing visual comparison
between groups for each clinical vignette. Qualitative
data were analyzed using MAXQDA Plus 2022 (Release
22.8.0, 2022 VERBI GmbH Berlin).

The quantitative and qualitative information were then
merged in a second phase of analysis and interpretation
of the results through narrative with a weaving approach
[29]. The qualitative data enabled a deeper understanding
of the students’ perceptions and illustrated the problem
representation of individual task (Fig. 1).

Results
Participants
Among the 313 eligible students, 112 (35.8%) partici-
pated in the sessions. Participants had a slightly higher
pre-intervention mean score than non-participants
(16.00£1.03 vs. 15.69+0.96, P=0.004).

The CM group included 60 students, 37 (61.7%)
females, with a mean age of 22.63+2.17 years. The TM
group included 52 students, 40 (76.9%) females, with a

Page 6 of 11

Table 2 Baseline characteristics of the students of the concept
mapping group and the traditional method group

Concept Traditional P
mapping method value
group group
Students 156 157 0.386
Eligible 60 (38.5) 52(33.1%) *?
Participants (%)
Gender 23(38.3) 12(23.1) 0.082
Male (%) 37 (61.7) 40 (76.9) a
Female (%)
Age 2263 (2.17) 2414 (3.64) <0.001
Mean (SD) 21-34 21-41 b
Range
Students with a previous 3(5.0) 10(19.2) 0.035°¢
degree (%)
Participants pre-intervention 16.35(1.01) 15.83(1.04) 0.126 d

mean score [0-20]
Mean (SD)

Abbreviations: SD, standard deviation

2 Chi-Squared test. ® Mann-Whitney test. < Fisher's exact test. 9 Student’s t-test

mean age of 24.14+3.64 years. The two groups had simi-
lar pre-intervention academic mean scores (the baseline
characteristics of the participants are shown in Table 2).

Students’ perceptions

In the individual feedback questionnaire, 109 students
(CM: n=59, TM: n=>50) expressed overall satisfaction
with both the concept mapping and the traditional ses-
sions on closed-ended questions. A higher proportion
of students in the CM group found the pre-class assign-
ment to be highly beneficial for integrating knowledge
(P=0.020). However, there were no statistically signifi-
cant differences between the two groups regarding per-
ceptions of the whole group discussion, facilitation of
information integration in multimorbidity, or promo-
tion of clinical reasoning. A total of 49 students provided
comments on the open-ended question (CM group:
n=28, TM group: n=21). Comments from both groups
highlighted the valuable learning experience and the
positive and negative aspects of both methodologies. In
the CM group, the students specifically mentioned that
“CMs facilitate clinical reasoning’, “CMs allow for a holis-
tic view’, and “CMs help to organize information in mul-
timorbidity cases” Interestingly, the TM group suggested
adopting CMs for individual task. The results of the indi-
vidual feedback questionnaire are presented side-by-side
in Table 3.

Students’ performance

The agreement between the raters was fair for all items
(38.4% for information gathering, 34.8% for problem
representation, and 32.2% for management and treat-
ment). No statistically significant differences were found
between the two groups for any of the individual items
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Table 3 Results of the individual feedback questionnaire

Concept mapping group Traditional method group Pvalue?
Five-point Likert closed-ended questions n=59 n=50
Q1:The pre-class assignment facilitates 4.46 (0.65) 4.08(0.88) 0.020
knowledge integration.
Mean score (SD)
Q2: The whole group discussion facilitates 451 (0.57) 450 (0.71) 0.743
knowledge integration.
Mean score (SD)
Q3: The methodology facilitates clinical 463 (0.58) 458 (0.61) 0.505
information integration in multimorbidity.
Mean score (SD)
Q4: The methodology promotes clinical 4.71 (0.49) 4.70 (0.46) 0.566
reasoning in multimorbidity.
Mean score (SD)
Students’ feedback from the open-ended n=28 n=21

question
Valuable learning experience

Structured and organized session

Effective methodology

Not effective methodology

- The session was educational and enriching.

- It was a very good way to approach multimorbidity,

both for us as students and for future doctors.

- It was an enlightening session, and it is what hap-

pens in clinical practice.

- This approach helped me to consolidate my knowl-

edge more.

- CMs facilitate clinical reasoning, more than a physical
map, it is the thinking tool that this methodology gives

us.
- CMs allow for a holistic view.

- CMs help to organize multimorbidity.

- It would work better in team-based learning
methodology.

- In practice, constructing the CM can be
time-consuming.

- It can become graphically confusing.

- Very useful session.

- A complex clinical case helps
to approach what multimor-
bidity really is.

- It would be better to do the
treatment plan as a group task.
- It was necessary to better
define the objectives of each
task.

- The request for the pre-class
assignment leads to lower ses-
sion attendance.

- The construction of a CM
would improve the process of
writing the individual plan.

Abbreviations: CM, concept map; SD, standard deviation
# Mann-Whitney test

or the composite variable combining all three items
(Table 4). In the sensitivity analyses, the CM group
showed a trend toward higher odds of achieving satisfac-
tory or good scores although these were not statistically
significant. This pattern was observed across all three
individual items and in the composite variable (Fig. 3).

Qualitative analysis used a code matrix to facilitate a
comprehensive visual comparison of the frequency dis-
tributions of patient problems across both groups. The
CM group appeared to have a more homogeneous matrix
for problem representation in clinical vignettes 1 and 3. A
graphical representation of this code matrix is provided
in the Supplementary Material 5.

Discussion

In this study, we found no definitive evidence supporting
the superiority of CMs over traditional teaching methods
in promoting clinical reasoning skills among undergradu-
ate students in the management of multimorbidity. This
observation was applied to both students’ perceptions
(Kirkpatrick level 1) and performance (Kirkpatrick level
2b) [30]. However, encouraging trends emerged. Regard-
ing perceptions, students valued the pre-class assignment
in the form of CMs as a tool to facilitate knowledge inte-
gration. Students also considered face-to-face CM session
to be an effective approach to multimorbidity and per-
ceived CMs as facilitators of clinical reasoning, enabling
a comprehensive and organized view of multimorbidity.
Although there was no statistically significant difference
between groups in the individual task assessment, the
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Table 4 Assessment of the individual task
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Concept mapping group

Traditional method group Unadjusted analysis

n=60 n=52 Pvalue
Main analysis Mean (SD) Mean (SD) (Mann Whitney)
Ordinal variable 2.05 (0.44) 1.98 (0.48) 0.301
I: Information gathering 223(0.52) 2.33(0.55) 0378
Il Problem representation 2.09 (0.48) 2.10(0.55) 0.896
ll: Management/treatment
Sensitivity Analysis | Satisfactory/Good Satisfactory/Good (Pearson’s Chi-Squared)
Dichotomous variable 68.3% 63.5% 0.587
I: Information gathering 73.3% 67.3% 0485
Il: Problem representation 66.7% 63.5% 0.723

lll: Management/treatment

Sensitivity Analysis Il Satisfactory/Good on all items

Satisfactory/Good on all items (Pearson’s Chi-Squared)

Composite variable 53.3% 46.2% 0449
Abbreviations: SD, standard deviation
1.76
I: Information gathering o
0.75 4.22
1.53
II: Problem representation o 4
0.65 3.69
1.48
[II: Management/treatment ©
0.64 3.48
1.78
: . °
Composite variable 50 P
0.5 1 1.5 2:5 3 3.5 -+ 4.5
Odds Ratio

Fig. 3 Adjusted logistic regression model results from the sensitivity analysis, adjusting for age and gender. Each point represents the Odds Ratio for the
corresponding variable, with error bars indicating the 95% confidence intervals

CM group consistently had higher odds of receiving posi-
tive scores compared to the TM group. This trend may be
reflected by the greater robustness of the problem repre-
sentation code matrix in the CM group, at least for two
of the three clinical vignettes. Regarding the coherence of
the quantitative and qualitative findings [29], the quali-
tative data played a confirmatory role for the individual
task and confirmed and expanded upon the quantitative
findings from the individual feedback questionnaire.
Several factors may explain the lack of significant dif-
ferences in students’ perceptions of teaching methods.
Historically, high satisfaction scores at our institution
may lead to a ceiling effect that limits detectable differ-
ences. Although the students were aware of the research
context, they were unaware of the experimental method,
potentially elevating their satisfaction across both groups.
Influences on student ratings include student character-
istics and satisfaction with exam scores and evaluation

processes [31]. Despite typically higher ratings from
women and high achievers, no significant differences
in baseline characteristics were observed between the
groups. Furthermore, satisfaction was not influenced by
exam outcomes, as data was collected before finals from
a self-selected third of eligible students using positively
phrased items, likely increasing ratings.

Regarding student’s performance, medical students’
tendency to excel regardless of teaching method may
obscure methodological effects. The intervention
involved tutors constructing CMs on a whiteboard, simi-
lar to the methods described by Richard et al. [32] and
Langer et al. [33], which is less engaging than an active
student-led CM construction that fosters deeper cogni-
tive processing [34, 35]. This passive approach could have
limited the intervention’s effectiveness.

Additionally, the challenge of reliably measuring clini-
cal reasoning [4, 6, 7] and the potential unreliability of
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our assessment tools might not detect true differences.
Agreement among raters assessing performance was
only fair. The qualitative analysis comparing CM and TM
across the three clinical vignettes did not reveal a clear
pattern in the problem representation component of
clinical reasoning, probably due to the limited number of
students per vignette.

Our study focused on short-term impacts, but the
findings suggest that CMs may support knowledge
integration, clinical reasoning, a holistic perspective,
and information organization in multimorbidity. We
believe that CMs support analytical and critical think-
ing, which are essential for developing clinical reasoning
competency over time [36]. Clinical reasoning requires
repeated opportunities to integrate and apply knowl-
edge in increasingly complex scenarios, grounded in a
strong understanding of pathophysiological mechanisms
[6]. CMs encourage these processes and may help bridge
the gap between pattern recognition and analytical rea-
soning, emphasizing problem-solving skills that current
artificial intelligence models are unable to do [37]. Litera-
ture supports the long-term educational value of CMs.
Our earlier systematic review [15] highlighted their role
in promoting knowledge integration and clinical reason-
ing in a long-term context. Penner et al. [38] proposed
a ‘collect, cluster, and co-ordinate’ approach in Family
Medicine, which aligns with the principles of CM con-
struction: brainstorming concepts and organizing them
into circles or boxes (collect), arranging them hierarchi-
cally (cluster), and establishing links between hierarchical
and cross-linked concepts for essential elements (co-ordi-
nate). Similarly, one of us demonstrated how problem
maps — similar to CMs — help family physicians handle
multimorbidity [39]. While our data did not show defini-
tive long-term outcomes, observed trends and existing
evidence suggest that CMs could prepare students for the
cognitive demands of clinical practice. Longitudinal stud-
ies are needed to confirm these potential benefits, partic-
ularly in managing multimorbidity.

Our study had both strengths and limitations. We
assessed students’ perceptions and performance, employ-
ing a control group with similar student characteristics
and pre-intervention mean scores across both groups
to enhance validity. The integration of quantitative and
qualitative data proved beneficial, providing deeper
insights into the quantitative results through qualita-
tive evaluation. However, the low attendance rate may
limit the generalizability of our findings. This study was
not a trial with allocation concealment or blinding, but
measures were taken to prevent contamination between
groups and attribution bias despite the non-randomized
design. Additionally, there was only fair inter-rater agree-
ment on the assessment of students’ performance, which
limited the potential to detect differences in clinical
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reasoning components. While the research team’s prior
experience with CMs was acknowledged through reflex-
ivity, it could have influenced interpretations.

While our results do not conclusively demonstrate the
efficacy of CMs in supporting clinical reasoning, they are
encouraging enough to warrant further research. A key
priority is the development of more robust instruments
for clinical reasoning assessment.

Regarding the educational intervention, we recom-
mend enhancing the active engagement of students with
CMs as they recognize the benefits of using these tools
to organize complex information and integrate knowl-
edge. This finding aligns with the idea that CMs promote
the management of complex clinical information, as
described by Wu et al. [40] and Wang et al. [41]. How-
ever, this must be balanced with the students’ perception
of the process as time-consuming. In addition, promot-
ing longitudinal evaluation by tracking student partici-
pants across subsequent semesters would be valuable for
assessing clinical reasoning. Considering the low student
participation rate—only one-third of those eligible—we
should assess whether decreasing the workload in the
pre-class assignments improves student participation.

Conclusions

No definitive evidence was found to support the superi-
ority of CMs over traditional teaching methods in pro-
moting clinical reasoning skills among undergraduate
students in the management of multimorbidity. However,
promising trends were noted, with the CM group show-
ing improved performance on individual tasks. CMs also
appeared beneficial in preparing students for educa-
tional sessions, promoting a holistic view, and organizing
information in multimorbidity. There is a need for bet-
ter instruments to assess clinical reasoning components.
Future research should explore varying levels of active
CM use in class and adjust the pre-class workload for
students.
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