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Abstract: This study aims to analyze how visual tools, labeled as maps, are 
built, and used in medical education. Based on the educational model of 
concept maps (CMs), proposed by Novak and Cañas (2008), and adapted to 
medicine by Daley and Torre (2010), we are currently analyzing the results of a 
scoping review following the PRISMA extension methodology, specifically for 
these purposes. Other visual tools, such as knowledge maps (KMs) and mind 
maps (MMs), used in medical education, were also included. The search was 
made through the databases EBSCO, PubMed/MEDLINE, PsycINFO, Scopus, 
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and Eric, using the following items: “concept map*”, “knowledge map*”, 
“mind map*” and “medical education”. Only articles in English were 
considered and exclusively in medical education, from undergraduate to 
resident training. The analysis of selected articles included the following 
features: construction rules (if they followed Novakian instructions), teaching 
area, student level (undergraduate, postgraduate/residents), and use for 
assessment. Other features were the capacity to relate basic science knowledge 
to clinical concepts, the use of maps with other educational methods, such as 
problem-based learning (PBL), and providing feedback to students. From a 
quantitative perspective, the use of CMs is dominant in all phases of medical 
education. A failure to follow Novakian rules was found in around half of the 
articles labeled as CMs and KMs. As for MMs, which follow different rules for 
construction and use, they were considered relevant in helping students to 
summarize and retain information. Simultaneous use with other educational 
methods was only found with CMs. 

Keywords: Concept map; Knowledge map; Meaningful learning; Medical 
education; Mind map; Novakian rules; Scoping review; Visual diagrams 
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1. Introduction 

Despite the widespread use of visual diagrams in education, it is difficult to understand 
why they are not more widely applied considering their undisputable role as a tool to 
facilitate teaching and promote learning. When consulting the literature, it appears as if 
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visual diagrams are used in a very heterogenous manner and, sometimes, as a simple 
sketch to visually illustrate a sequence of interrelated data or ideas. This approach curtails 
sharing experiences due to the lack of a common ground for debate and improvement. 

An obvious exception has been concept maps (CMs) developed by Joseph Novak 
and his team at Cornell University (Novak & Cañas, 2006b), based on Ausubel’s 
assimilation theory of cognition, which aim at enabling meaningful learning. These tools 
have been applied in different stages of education, from children to adults, and in 
multiple scientific areas. Even though Novak’s group developed detailed instructions on 
how to build and use CMs (Novak & Cañas, 2006a), these recommendations were not 
always followed (Cañas et al., 2015) making it sometimes challenging to evaluate the 
role of CMs in meaningful learning. One of the main difficulties relates to the lack of 
standardization in the building and organization of CMs. This methodological 
heterogeneity limits the comparison between the results from different research projects 
and doesn’t allow for overall conclusions related to the use of CMs in teaching and 
learning. 

We have found three literature reviews dealing with mapping in medical 
education. Two from the same research group (Daley & Torre, 2010; Daley et al., 2016), 
concluded that CMs are useful tools to promote meaningful learning. The third review 
(Pudelko et al., 2012), extended the analysis to health professional education and 
included CMs and Mind Maps (MMs), which were considered as being used “often 
interchangeably”, and raised concerns about the role of mapping in supporting 
“meaningful learning, memorization or factual recall”. This statement confirmed the need 
for our study now that a decade has elapsed. 

Based on our longstanding experience in medical education, as pioneers of 
problem-based learning (PBL) in Portugal, and long-time users of CMs (Fonseca et al., 
2020a), we identified this lack of standardization of CMs as a relevant problem and 
decided to perform a scoping review of the literature. Because other visual diagrams are 
currently used in medical education, the search also included MMs (Abdel Hamid, 2017) 
and Knowledge Maps (KMs) (O’Donnell et al., 2002). The objective of this scoping 
review is to identify whether the use of these maps is relevant to teaching, learning, and 
assessment, at all levels of medical education. 

2. Methods 

As for this review, the definitions of the type of maps were as follows: CMs – top-down 
diagram formed by a set of concept meanings embedded in a framework of propositions; 
KM – top-down diagram formed by nodes and links connected to a previously defined set 
of linking words; MMs – radial diagram formed by a central word that is linked to other 
subheadings through named branches, forming hierarchies and accompanied with colors 
and illustrations. (Buzan, 2006; O’Donnell et al., 2002; Eppler, 2006). We define 
Novakian Concept Maps as maps following the Novakian rules: concepts written within a 
box, connected with one or more other concepts through linking words, forming a 
proposition. They must be written from top to bottom hierarchically, starting from the 
main concept, and cross-links and examples can be included (Novak & Cañas, 2006b; 
Kinchin, 2015).  

A literature review was performed following the PRISMA extension methodology 
developed for scoping reviews (Tricco et al., 2018). We searched in four databases 
(PubMed, Web of Science, ERIC, and Scopus), for articles published from the date when 
the first one (CMs, MMs, or KMs), was identified and up to May 2022. The following 
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search terms were used: “concept map”, “knowledge map”, “mind map” and “medical 
education”. Three different searches were made, one for each type of visual diagram. 

The inclusion criteria were articles written in English, with research done only in 
the area of medical education. Studies of all designs (quantitative, qualitative, and mixed 
methods) were included. Articles about the use of concept maps or other diagrams in 
patient education/knowledge structures, to present results in medical research, involving 
other health students (like nursing, dentistry, nutrition, psychology, or physiotherapy 
students), were excluded from this review. We also excluded non-indexed journals, 
books/essays and commentaries, because most of the texts were not submitted to the 
standard peer-review process occurring in scientific journals. 

A data-charting table was developed by two authors, defining the relevant 
variables to be extracted for this study. Two reviewers charted the data independently and 
manually, reading article by article, and added the results to a shared Google Sheets® 
form. During the data-charting process, we noticed that Knowledge Maps as expert maps 
are mostly mentioned as “expert concept maps”. 

The selected articles were analyzed regarding the following: 1. Rules used to 
build the maps; 2. Role of cross-links in the organization of the maps; 3. Isolated versus 
continuous applications; 4. Maps as formative tools (study group and self-learning) 
versus assessment instruments; 5. Specific teaching area (basic or clinical sciences). 
Concerning the advantages of using maps the following pedagogical features were 
considered: 1. Display the integration of relevant information relating basic science 
knowledge to clinical concepts; 2. Capacity to represent the effects of teamwork on 
building the maps as a foundation to be developed in clinical training and practice; 3. 
Simultaneous use of maps with other educational strategies such as PBL; 4. Feedback 
given to the students during the use of maps. 

3. Results 

Concerning CMs, 362 citations were identified from which 215 full articles were 
assessed for eligibility and 79 were included. As for KM, the values were 33, 24, and 2, 
respectively. Whereas for MMs the results were 44, 33, and 13, respectively, using the 
criteria mentioned above (Fig.1). The results are listed in Appendix I. 

The first article analyzed describing the use of CMs in medical education was 
published in 1988, much earlier than MMs which only appeared in 2002. The total 
number of articles published per year was also very different, with a ratio of CMs/MMs 
always higher than 6/1, per year (Fig. 2). 

All the map types were used more in undergraduate education than in 
postgraduate training and this feature was particularly relevant for CMCs (87%) and less 
for MMs (77%). 

The Novakian rules were explicitly followed only in 42% of the CMs although an 
additional 19% mentioned those rules in the methods section. This feature was also 
difficult to check because 26% of the articles had no illustrations. The use of CMs for 
assessment only occurred in 30% of the articles. Finally, CMs were applied 
simultaneously with other pedagogical methods (PBL, case-based learning, and team-
based learning) in 21% of the cases. 

In the case of MMs, the use for assessment only occurred in 23% and no 
simultaneous use with other teaching methods was described. 
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Fig. 1. PRISMA Flowchart for the scoping review 

 

 

Fig. 2. Yearly numbers of the articles included in the scoping review  

4. Discussion 

To evaluate the proposed dual mapping learning environment, a series of studies and 
analyses were arranged. At the initial stage of the project, the evaluation was focused on 
learners’ perception and reaction toward the system as reported in this paper. The 
assumption is that unless the proposed learning environment is properly designed and 
implemented to the extent that learners find it useful and acceptable, further exploration 
of the effect of the dual mapping learning environment may not produce reliable and 
meaningful results. 

Considering the preliminary phase of our data analysis the results will be 
discussed addressing the following features of CMs/KMs versus MMs. 
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4.1.  Teaching and learning medicine with concept and knowledge maps 

4.1.1.  Integrating knowledge from basic sciences to clinical concepts and 
promoting critical thinking and clinical reasoning 

One of medical education's biggest challenges is to share expert medical knowledge 
during teaching and learning activities. The knowledge structure of an expert implies 
networks of understanding and chains of practice and the rapid transfer of information 
between them; for students to be able to achieve this level of metacognition when solving 
a problem, they need to shift their thinking from the linear (text) structure to the 
hierarchical (cognitive) structure and back again. This is a fundamental educational 
problem, for example in science teaching and learning. When experienced physicians, 
with highly competent skills, share their knowledge in the context of medical education 
based on their chains of practice (from repeated actions and networks), this type of 
knowledge is not easily transferable to students, because it lacks clarity when attempts 
are made to demonstrate the flux of knowledge. CM can be a way of displaying expert 
knowledge adequately, which would help students who are trying to acquire that level of 
clinical expertise and reasoning (Kinchin et al., 2008). In addition, when intentionally 
using core concepts as a bridge between basic sciences and clinical concepts in a concept 
map, students are drawn to find connections between basic and clinical science and their 
relations to medical practice. As was seen in a study by Slieman and Camarata (2019), 
this strategy of map construction promotes the reflection on the relationship between 
theoretical and practical concepts, and through the process of concept map peer review, a 
continued improvement of knowledge integration could be demonstrated. CMs can also 
be used within Case-based Learning (CBL) exercises or constructed to solve a clinical 
vignette (Spicer et al., 2020; Peñuela-Epalza & De la Hoz, 2019; LeClair & Binks, 2020; 
Torre et al., 2017; Wu et al., 2016; Muthukrishnan et al., 2019), helping students 
contextualize basic science concepts underpinning clinical medicine. 

CMs were also reported to be used during Clinical Physiology Grand Rounds 
(CPGR), where CMs can be helpful to establish relationships between concepts of 
physiology (basic sciences) and clinical medicine (clinical practice) (Richards et al., 
2013). When solving clinical cases, CMs can also be used to analyze the type of 
reasoning and cognitive processes students use (Smith et al., 2014; Wu et al., 2014), from 
inductive or deductive reasoning to pattern recognition/scheme-inducted reasoning, and 
this information can be useful to facilitate teaching and learning (Pottier et al., 2010). 
Other benefits include facilitating correlating prior knowledge from several disciplines 
(Azer et al., 2013), developing insights into new existing knowledge (becoming more 
conscious about their learning style) (González et al., 2008; Torre et al., 2007), and 
knowing how to transfer knowledge to future problems (Daley et al., 2016), namely in 
clinical practice (Torre et al., 2007). CMs are reported to encourage students to think 
independently (Small, 1988) and more inductively (Hayes et al., 2017). This exercise, 
therefore, appears to promote clinical reasoning, critical thinking, and problem-solving 
skills (Torre et al., 2013; Small, 1988), which are necessary to create meaningful 
experiences when students in clinical years encounter clinical settings. 

4.1.2.  Working in teams during learning is the first step for real life as a 
physician  

CMs can be used individually or in groups. When working in groups, the process of 
constructing a map implies not only sharing knowledge, experience, and ways of thinking 
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and reasoning within a topic or a clinical case but also sharing a lack of knowledge 
between users and misconceptions that other users can identify during the discussion 
(Torre et al., 2017). This whole experience is called distributed cognition, and it involves 
social, interpersonal, and cultural components of cognition that expand our understanding 
of a learning experience beyond its traditional boundaries. The whole process of 
constructing a map in groups is a resource of distributed knowledge, having a role in the 
construction and reconstruction of the individual’s knowledge, creating an active learning 
approach to the material to be learned (Bixler et al., 2015). An interesting example is the 
application of concept maps in Near-Peer teaching (NPT), where students from a more 
advanced level in their program can share their knowledge with less advanced students, 
creating a climate that fosters relationships between colleagues and a sense of help and 
cooperation, as described by the participants (LeClair & Binks, 2020). Besides the 
advantages of sharing knowledge, the whole experience of working in a team can be 
amplified into gaining awareness about working in a multidisciplinary team, as it happens 
every day in clinical practice. If students representing various professions or areas of 
knowledge would develop their map - based on their understanding of the case from their 
perspective – it could provide a moment of awareness of where and how professional 
roles intersect in actual clinical practice. This finalized map can also be a very useful 
study tool to specify the different roles of each member of an interdisciplinary team, 
providing a way to differentiate their roles (Daley et al., 2016). A study from the 
University of Leiden that involved heterogeneous groups, formed by experts and 
residents, facilitated multidisciplinary cooperation through problem-solving (Vink et al., 
2015). The skill of interacting with professionals of other areas of expertise in the 
discussion of medical problems is part of everyday life as a physician, being therefore 
very relevant for medical students during their studies. 

4.1.3.  Complementing other medical educational strategies 

CMs can also be used together with other teaching methodologies applied in medical 
education. CMs have been used within PBL (Addae et al., 2012; Si et al., 2019; Kassab & 
Hussain, 2010; Kassab et al., 2016; Alamro & Schofield, 2012; Torre et al., 2016; 
Drareni, 2018) - as they are constructed answering a core question, their applicability in 
solving a clinical problem showed to be complementary (using the clinical information of 
the case as a trigger). Rendas et al. (2006) showed that this “case-specific model” of 
concept mapping is appropriate because it manages to relate the relevant clinical 
information of the case with the pathophysiological mechanisms involved, thus fostering 
meaningful learning. Addae et al. (2012) adopted a method of PBL with CMs, reporting 
higher scores on a control questionnaire that explored the cognitive domain of learning, 
the metacognitive domain, and interpersonal relations. This method made students 
participate more and ask more questions, fostering deep learning. Si et al. (2019) 
explored the components of argumentation to solve clinical cases in a PBL course. In this 
study, first and second-year medical students mapped their arguments when solving 
clinical problems using CMs. When assessed in a written exam, the students improved 
during the PBL sessions regarding clinical reasoning and clinical problem-solving 
performance. CMs can also be taught to students in a PBL-based curriculum to enhance 
self-regulated learning (Thomas et al., 2016). In a study by Richards et al. (2013), 
students in clinical years that used CMs in this context stated that these tools helped them 
achieve better diagnoses and patient management plans; and students in preclinical years 
stated that CMs encouraged the use of inductive reasoning, through which they could 
remember and relate concepts better. In teaching evidence-based medicine, CMs appear 
to be more valuable than lecture-based methods. In a study by Saeidifard et al. (2014), 
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groups that used CMs scored more on the diagnostic and pathophysiology questions. 
They concluded that by using this tool, students could learn the most relevant medical 
evidence faster and apply it to real patients. CMs have been adapted also to Team-based 
Learning (TBL): Knollmann-Ritschel and Durning (2015) replaced an individual 
assessment using multiple-choice questions (MCQs) with CMs, as well as combined the 
group assessment and application exercise, whereby teams created CMs. In this study, it 
was concluded that CMs could provide a means of understanding students’ difficulties, 
misconceptions, and comprehension of the topic that multiple-choice questionnaires 
wouldn’t offer. On the other hand, other studies are comparing the concomitant use of 
CMs together with traditional methods, with just traditional methods only (like case-
based teaching or theoretical lectures), mainly showing no change or improvement of 
scores in quizzes and exams (Kumar et al., 2011).  

Assessing students’ knowledge and providing feedback. A concept map 
constructed by a student should be like a mirror of his/her knowledge and understanding 
of a topic (Watson, 1989; Durning et al., 2015). Detecting mistakes or misunderstandings 
by other students or by the teacher and giving proper feedback is a way of promoting a 
reflection on the topic or question (Mahler et al., 1991) and allowing for studying and 
discussion to solve those mistakes. Since CMs reflect students’ knowledge acquisition, 
they can be used to assess students’ prior understanding of a topic to organize classes and 
learning material (Simelane et al., 2021), therefore ensuring that students can make sense 
of the new teaching and learning materials they receive (Hay et al., 2008). This also 
provides a way of tracking the development of the student’s knowledge (Hay et al., 2008; 
West et al., 2002); namely, students’ critical thinking changes in blended learning during 
clinical clerkships (Silva Ezequiel et al., 2019), and the increased complexity of the map 
by further corrections and experience with the tool (Slieman & Camarata, 2019; Wu et al., 
2016). Some studies described correlations between the scores from student maps and 
basic science test scores (Fonseca et al., 2020b; Bhusnurmath et al., 2017), differential 
diagnoses using clinical cases (Wu et al., 2014), or virtual patient systems (Id et al., 2018), 
clinical courses, or even standardized exam measures, like USMLE Step 2, namely 
through MCDs (Ferguson et al., 2020). This may reflect possible evidence that these 
diagrams can play a role in depicting students’ successes or difficulties to integrate basic 
and clinical sciences. Therefore, concept maps support knowledge acquisition and 
organization of prior and new knowledge (when used progressively during the semester 
or in an exercise) (Torre et al., 2013), thus providing an alternative to assessment in 
addition to traditional MCQs (Knollmann-Ritschel & Durning, 2015). The need to use 
different assessment approaches was pointed out by Durning et al. (2015), who valued 
CMs importance in the assessment of clinical reasoning due to their capacity to display 
nonlinear relations to explain concepts. 

There is no standard method for the evaluation of CMs and this is well 
demonstrated by reviewing different methods described in the literature: indirect methods: 
quantitative pathfinder method (McGaghie, 1996; McGaghie et al., 2000; McGaghie et 
al., 2004) or direct methods such as the structural scoring based on Novak et al. (1984) 
and Durning et al. (2015); the relational scoring by Kinchin et al. (2000) and Torre et al. 
(2013); qualitative method involving trained raters (West et al., 2000; Schmidt, 2006) or 
a mixed qualitative and quantitative scoring proposed by Fonseca et al. (2020b) In 
addition, tools like Concept Map Assessment (CMA) from West et al. (2000) and the 
modified version from Kassab et al. (2016) can evaluate how students or residents 
organize their reasoning in a way that traditional tests cannot. They can be used to 
correlate scores from CMs and Script Concordance Tests, creating a way to evaluate 
students’ clinical reasoning (Radwan et al., 2019). These tools have a moderate to strong 
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interrater reliability, greater in post-instruction maps (West et al., 2000), and can help to 
explain the cases of students who score well on written MCQ exams, but fail to apply 
their knowledge in clinical situations (Durning, 2015). This can be associated with the 
lack of correlation between performance on MCQs and the efficacy of CMs in some 
studies (Brondfield et al., 2021; González et al., 2008; West et al., 2000). However, there 
is opposing evidence that describes a significant correlation between the quality of 
concept maps and the scores on clinical vignette-based problem-solving MCQs 
examinations, namely in the learning of disciplines such as Pathology, Biochemistry, and 
Infectious Diseases (Sargolzaie et al., 2019; Baig et al., 2016). After identifying students’ 
misunderstandings, teachers can give feedback regarding those mistakes, helping to 
clarify the student about the topic; therefore, maps are a bridge of communication 
between students and teachers. Even group-level feedback given to a group of students 
that constructed a map together seems to significantly impact individual students 
(Camarata & Slieman, 2020). Besides, if expert concept maps are given to students to 
compare to their maps in a fill-in-the-blank exercise using scaffold maps, it also creates 
an opportunity to obtain feedback about the student’s perception of the topic, creating 
another moment of learning. To improve the understanding of complex disease 
conditions, such as respiratory failure, medical residents were exposed to concept maps 
constructed by experts to be used as advance organizers connecting prior knowledge to 
new information in a study that included a control group who received traditional didactic 
teaching (Cutrer et al., 2011). Although both groups had access to “expert control maps”, 
the experimental one for the didactic session and the control just as an example, the use 
of a concept map as an advanced organizer was more evident in the first group, 
improving better integration of knowledge which persisted after one week. This pattern 
was also more evident in senior residents. This increased use of expert maps in medical 
education will be addressed below. However, this trend should not be confused with the 
use of knowledge maps, which are also graphic organizers which use a common set of 
links to connect the nodes. Knowledge maps can also be built as scaffolds, allowing for 
comparisons between self and expert-generated maps (O’Donnell et al., 2002). One 
example of this theory applied is a recent online tool called UNSW Knowledge Maps. 
For every activity within this online tool, the teacher must develop an “expert map”, 
which is then linked to a “scaffold map”. This “scaffold map” is what students receive as 
a starting point. The basis of the feedback that UNSW Knowledge Maps generate is a 
comparison of the propositions found within the student’s attempt to match the 
propositions in the “expert map” (Ho & Velan, 2016; Ho & Velan, 2017). This kind of 
tool with automated assessment and feedback appears to be a useful addition to the 
current options of assessment items for both formative and summative purposes (Ho et al., 
2018), being an interesting alternative to the use of scaffold maps with automated 
feedback using Questionmark PerceptionTM (Questionmark Computing Ltd, London, 
UK) described in another study by the same author (Ho et al., 2014). The use of scaffolds 
is also described in many other different studies (Rendas et al., 2006; Kumar et al., 2011), 
namely those using MCDs (Id et al., 2018; Hege et al., 2017). Additional contribution on 
this topic was developed by Camarata and Slieman (2020) who demonstrated, as a 
follow-up of their initial work mentioned above, the positive effects of feedback training 
as a peer review methodology in first-year medical students using CMs. Another 
approach towards promoting peer review feedback amongst medical students was 
described by Richards et al. (2013), using CMs in Clinical Physiology Grand Rounds, to 
highlight attitudes and perceptions between preclinical and clinical students. 
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4.1.4.  Organizing teaching and medical curricula 

CMs can also be used by specialized groups of academics to brainstorm, reflect and 
organize a medical curriculum, namely regarding learning outcomes (Watson, 1989; 
Hynes et al., 2015; Sieben et al., 2021). For instance, when creating a CM that involves 
topics from different curricular units or domains, the users can find relationships between 
the most essential concepts represented. They can therefore reflect on ways to create 
interdisciplinary activities that integrate multiple concepts from different courses (Daley 
et al., 2016). This exercise also allows curriculum organizers to find a repetition of 
concepts among various curricular units, or missing ones that would be relevant to 
include (Daley et al., 2016), or even subjects that should be more present in the 
curricula – like what was done in the VU University Medical Centre in Amsterdam 
regarding the subject of Geriatrics (Meiboom et al., 2018). Open-ended CMs can also be 
used to brainstorm about quality improvement in the medical curricula, organizing ideas 
into clusters (Smith et al., 2019). The diagrams constructed can be easily made available 
to faculty and can be also a helpful tool to present the objectives of curricular units to 
students at the beginning of the semester, serving as a blueprint for developing curricular 
goals and learning objectives during classes (Weiss & Levison, 2000). They can also 
serve as a means to share the teacher’s learning strategies (Watson, 1989), or to debate 
learning outcomes with the tutor (Sieben et al., 2021). 

4.2.  Teaching and learning medicine with mind maps 

Integrating and recalling knowledge from basic sciences to clinical concepts. MMs use 
visual orientation to present information and, therefore, help students to recall 
information in an organized manner. They are used by high-achieving students to better 
recall and “see the big picture” of particular topics (Abdulghani et al., 2014). In medical 
education, the benefit of using this tool is that it enables medical students, who have to 
deal with substantial amounts of information, to use a new learning option to integrate all 
the information they receive and, thus, help them retain it (Vilela et al., 2013). The use of 
pictures and colors, together with words, appears to combine two different cortical skills 
that enhance intellectual power and facilitate the conversion of information from short- to 
long-term memory (Day & Bellezza, 1983). Research suggests that MM improves long-
term memory in medical students. A study by Farrand et al. (2002) compared two groups 
of medical students that had to study a 600-word passage and take a test about it 
afterward; one of the groups used a self-study technique that they could choose, and the 
other used mind maps. After a week of learning this tool, the factual knowledge was 
greater in the mind map group, implying that the use of MMs improves cognitive 
processing, therefore being a tool that can improve students’ academic performance 
(Farrand et al., 2002). In addition, teaching anatomy with MM-based PowerPoint slides 
can also improve learning (Abdolahi et al., 2011). 

Regarding the role of MMs in clinical teaching, it is shown that these tools are 
useful to organize information on a clinical topic, either for students, medical teams, or 
patients, both for diagnosis and treatment (Mollberg & Salgia, 2011). As for better 
improving the understanding of relations between basic and clinical concepts, it was 
found that MMs can play a role in the organization of “the big picture” (Srinivasan et al., 
2008). However, this approach can only be used in the broad sense since MMs don’t 
include linking words, and therefore the relationship between concepts is not truly 
expressed. 
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Organizing students’ learning process (individually and in groups) and helping 
review topics. The MM technique can be easily taught and learned and requires no 
equipment or high costs (D’Antoni et al., 2010). Besides, it is very versatile in the sense 
that the teacher can use the same MM in the preparation of lectures or shorter 
presentations, as a lecture material (replacing PowerPoint slides) (Abdolahi et al., 2011; 
Johnson, 2014) and/or have them delivered to the students during the session. These 
maps organize content into many topics, increasing the level of detail and decreasing 
generalization, serving as a base for the content sequencing required for planning to teach 
(Farrand et al., 2002). When studying individually, students can also use MMs for study 
planning, assessing their learning topic by topic, and planning their efforts based on the 
key objectives and needs identified in the curricula (Vilela et al., 2013). MMs are also 
considered user-friendly, and students perceive MMs constructed during a class or at 
home as study material for further revision of the subject or even updating the map with 
new information so that students can quickly reactivate their learning (Edwards & Cooper, 
2010). In a study by Wickramasinghe et al. (2007), medical students considered MMs 
helpful in summarizing and memorizing information, showing interest in learning more 
about this technique to use in their future academic activities (Wickramasinghe et al., 
2007). 

Assessing students’ knowledge including the support for clinical reasoning 
development in general practice. A MM created by a student can show possible 
misconceptions regarding mistakes in the inclusion of content. There are not many 
studies regarding using this tool for student assessment in medical school, but there are 
some attempts to use them similarly to CMs. One example is the Mind Map Assessment 
Rubric (MMAR) (D’Antoni et al., 2009), which is a method of scoring MMs adapted 
from a CMs’ assessment scoring system, including concept-links, cross-links, hierarchies, 
examples, pictures, and colors. This tool was considered valid to detect changes in 
knowledge among medical students, but further reliability studies are required on this 
topic. Another example is the use of MMs in the assessment of clinical reasoning of 
general practice (GP) trainees. Kibble et al. (2014) used the method from Fish and de 
Cossart (2007) to categorize components of trainees’ MMs under the heading of “Clinical 
Reasoning” and “Deliberation”, to assess their thinking about a clinical case during their 
GP training. They analyzed MMs constructed four months apart and concluded that the 
trainees’ experience provided more complex and complete reasoning, more significantly 
in the “Deliberation” components, which included competencies in the management of 
patients inside the biopsychosocial model. Therefore, MMs can provide a unique view of 
the resident’s clinical reasoning development during their training (Kibble et al., 2014). 
Another tool such as the Global Assessment of Reflection Ability (GAR) was developed 
based on MMs, to foster the reflection ability of trainees during their GP training 
(Lillevang et al., 2020). Scaffolded MMs may also be used for the assessment of 
residents in the context of clinical practice and seem to bring good results compared to 
MCQ exams (Cruza & Fierros, 2006). 

5. Conclusion 

The use of mapping in medicine goes well beyond education and training. However, our 
review was focused on these areas and allowed us to have a broad perspective of its 
potential, including its use with other methodologies such as PBL, CBL, and TBL. The 
display of acquired knowledge given by concept mapping allows for improving 
collaborative learning. Its approach to multi- and interdisciplinary training is essential to 
improve health care based on teamwork. 
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Preliminary analysis points to the lack of standardization in most of the 
information available both in the building and utilization of the maps. However, the 
articles on CMs were the great majority and with a more homogeneous structure 
following the rules defined by Novak’s group, as a standard methodology. In some of 
these articles the Novakian rules were mentioned in the methodology but not fully 
applied. These findings were common to all the articles, from undergraduate medical 
education to clinical training. 

At this stage of our work, we consider that the use of mapping in medical 
education is important considering, in each case, the context in which teaching and 
learning occur and if the visual mapping complements other educational strategies. In 
every case, a standard methodology of map building and use should be displayed 
preferably using Novakian rules. 
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