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Abstract
Background: The use of concept maps (CMs) in health and medical education is increasing, particularly in the last
decade. The research developed in this area has not yet clariﬁed the role played by CMs in meaningful learning.
Approach: Our group developed a methodology, in a pathophysiology course, based on the classical CMs
construction, using short clinical cases.
Outcomes: We propose a template that allows the display of the short clinical case embedded in the architecture of
the CMs and connecting words targeted to speciﬁc pathophysiological mechanisms.
Next Steps: We consider that this experience can be extrapolated to the teaching and learning of pathophysiology in
other health areas.
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Background
The use of concept maps (CMs) in health and medical education is increasing, particularly in the last decade (Daley,
Durning and Torre, 2016). The application of CMs to teaching and learning of diversiﬁed groups of students, mainly
at the graduate level, is divided into two diﬀerent approaches. In the ﬁrst one, the starting point is the presentation of
basic science concepts and its application to the understanding of the normal function or of the mechanisms of
disease, followed by the construction of CMs to show the understanding of interrelated concepts (González et al.,
2008). In the second one, the use of data from healthy humans or patient information, either in the Problem-Based
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Learning (PBL) format or as short clinical cases (vignettes), is used as a trigger point to the study of the functional
and pathological mechanisms with the CMs representing, visually, the overall acquired knowledge (Veronese et al.,
2013).
The complexity of the interrelated concepts related to learning health sciences and medicine is very diﬀerent from
the complexity of abstract scientiﬁc concepts used by Novak in his pioneer work on the development of CMs
(Novak, 2003).
From our perspective, this diﬀerence has created some diﬃculties in the construction of meaningful CMs in the
context of health and medical education. Even taking into account the research developed in this area it is still not
clear, from the literature, the role played by CMs in meaningful learning as applied to large groups of students,
except in a PBL or a case-based format (Krupat et al., 2016). In all the other cases, the visual representation of the
knowledge acquisition applies only to the speciﬁc information, which is initially provided, for example, the
relationship between stroke volume and cardiac output. The extrapolation of the acquired knowledge to a broader
context is not always evident (Burdo and Dwyer, 2015).
For this reason, the use of information from healthy people or patients is essential to provide this component of
meaningful learning particularly for understanding the relations between basic sciences and normal or abnormal
functional changes in a living human (Vink et al., 2015). Due to the diﬀerent techniques used to develop CMs, the
direct application of Novak seminal work on scoring of CMs based on the "architecture" of the map may not be the
most adequate method of assessment of meaningful learning in this context. In addition, attempts to score "a
posteriori" the concepts that are more relevant may be aﬀected by subjective criteria (Torre, Durning and Daley,
2013).
Recently, attempts have made to reduce this diﬃculty using online concept maps with a standard format, designed
by experts. However, this solution is mostly be applied to the ﬁnal assessment of a large number of students and does
not reﬂect the learning process that occurs, for example, during tutorial sessions or self-learning periods. Another
online methodology used testable incomplete CMs, which proved to be successful to improve the learning of
pathogenesis of renal and hepatic disease, but the study was performed in a small group of voluntary students. Very
recently, a web-enabled mechanistic diagramming methodology was applied to two consecutive classes of 150
students, from a medical school with a fully integrated curriculum (Ferguson et al., 2018). This approach used 16
mechanistic diagrams, developed by experts, and the students had to develop, individually, their own diagrams based
on a clinical case and were allowed to use all the materials displayed in the reference map constructed by the expert.
The students received one point for each correct matching between their maps and the expert maps in the
identiﬁcation of the relations between risk factors, etiology, pathogenesis and pathophysiology, and patients’ clinical
ﬁndings. However, this approach was applied only to ﬁnal assessments.

Approach
Our group developed a similar methodology based on the classical CMs construction (Rendas, Fonseca and Pinto,
2006), as described by Torre, with the additional inclusion of core concepts to be displayed and explained in CMs.
These core concepts, previously identiﬁed by the staﬀ, were communicated to the students. In addition to this
communication, the students, working in small tutorial groups, received the patient information in the ﬁrst session
and proceed, in the following three sessions, to identify causes and mechanisms of the disease in relation to patients’
manifestations. The tutor, medically qualiﬁed, promoted the debate and assisted the students in the construction of
the map using the freely available software program Cmap toolsâ (IHCM Cmaps Tools, Florida, USA). The ﬁnal
result was a map constructed with the collaboration of all the members of the tutorial group.
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Outcomes
Based on this experience, we propose a template (Figure 1), to be given to the students in the ﬁrst session at the same
time as the clinical information and the core concepts. The template allows for the display of the clinical case
embedded in the architecture of the CMs and the connecting words are targeted to speciﬁc mechanisms: "how" –
pathophysiological; "why" – pathogenic; "what" – etiologic. This orientation does not exclude the use of other
connecting words such as: "based on", "can be", "including", and so forth. We also admit that establishing a
hierarchy of concepts, from top to bottom, is important for the display of meaningful learning in this context. The
same importance is given to cross-links between interrelated concepts. On the other hand, less importance is given to
propositions. This template, in a more simpliﬁed version, has already been used with success, in our pathophysiology
course particularly for the integration of basic science knowledge to patient’s manifestations (Rendas, Fonseca and
Pinto, 2006).
Figure 1 – Template for the construction of concept maps in a pathophysiological course, allowing the integration
of the clinical information in the architecture of the concept maps, using the connecting words HOW, WHY and
WHAT.

Next Steps
We consider that this experience can be extrapolated to the teaching and learning of pathophysiology in other health
areas.
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Take Home Messages
1. The template allows for the display of the clinical case embedded in the architecture of the CMs in the
context of teaching and learning pathophysiology to medical students.
2. The connecting words of the CMs identify speciﬁc mechanisms: "how" – pathophysiological; "why" –
pathogenic; "what" – etiologic.
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