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Multimorbidity is defined as the co-existence of two or more chronic diseases in
a patient, and it is increasing in prevalence. This condition poses new problems
for clinical reasoning. Few studies inquire regarding the construct of reasoning
in multimorbidity and the teaching/learning methods. The objectives of this
scoping review were searching for a definition of the construct of clinical
reasoning in multimorbidity and the related learning methods, and special ways
in which information technology can help. We searched PubMed, Scopus, ERIC
and CORE databases. After an iterative process of selection and thematic analysis,
we selected 30 articles, that were thematized in three classes: the multimorbid
patient as a teacher (8 articles), defining a framework of competence (11 articles),
representing multimorbidity and related clinical reasoning (11 articles). In this last
theme were also grouped studies using technology to enhance learning. The
construct of clinical reasoning in multimorbidity expands over three domains:
clinical (including managing uncertainty, anticipating, and detecting evolutions
and conflicting guidelines, and setting priorities); relational (concerning
communicating uncertainty and developing a feasible, shared plan of care with the
patient; organizational) (managing the wide system of resources needed to take
care of a multimorbid patient). The preferred teaching methods are based on the
encounter with real or expert patients, technology enhanced case-based learning
and graphical representations of clinical cases. Perspectives of research should
be addressed to permit the learner to experience a patient’s life-long experience
by moving forward and back over time while exploring interactions among
diseases and social determinants with respect to possibly conflicting treatments.
Perspectives on rich, technology-enhanced simulations should be researched.

clinical reasoning, multimorbidity, temporal reasoning, simulation, scoping review

1. Introduction

Clinical reasoning describes the mental process doctors use to make a diagnosis based on a
patient’s medical history, physical examination, and investigations (Eva, 2005). Besides
diagnostic reasoning, management reasoning is the process involved in reasoning about patient
management decisions (Cook et al., 2023). In past decades, studies in cognitive psychology led
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to a better understanding of this complex process (Eva, 2005;
Croskerry, 2009). Dual process theory is currently still considered the
model that best describes the process of clinical diagnostic reasoning.
It takes place through two processes, distinct but in a circular
relationship: hypothetical-deductive reasoning and intuition, the latter
based on pattern recognition (Eva, 2005; Croskerry, 2009). Cognitive
psychology and information theory maintain that intuitive recognition
is possible because the storage of diagnoses as mental constructs takes
place in the form of typical frameworks (illness scripts), that is,
compact lists of characteristics (Charlin et al, 2007). Clinical
reasoning is not a static concept, yet it is a complex, non-linear
multidimensional construct that is best learned over time using
multiple learning methods at different stages of learners’ intellectual
development (Mamede et al., 2007).

A recent systematic review (Xu et al, 2021) upgraded the
knowledge about specific methods to improve clinical reasoning of
students in the clinical setting, highlighting the role of reflection in
developing the ability of clinical reasoning. Schaye et al. (2023) noted
in an editorial how crucial it is to approach the diagnostic process
through the prism of situativity because the relationship between the
human decision-maker and their surroundings (context) is inexorably
intertwined. This is the most relevant new theoretical contribution to
the field.

The most common result of clinical reasoning is a diagnosis, that
is the act of classification of the patient’s condition within a nosology
class. Usually, in educational activities and in clinical exercises,
students deal with the diagnosis of a single disease, mostly an acute
one or the onset of a new chronic condition (Hawkes, 2012;
McCartney et al., 2016). However, the current epidemiology of many
countries shows an increasing prevalence of old people with more
than one healthcare issue. Multimorbidity is the co-existence of at
least two chronic diseases, it is common, and its prevalence and
incidence are increasing in many countries (Kudesia et al., 2021). The
presence of multiple intersecting diseases, characterized by signs and
symptoms from multiple illness scripts further increase complexity
and cognitive load, ultimately affecting the clinical reasoning process
(Soh etal,, 2020). The change of a patient’s overall condition over time
(Vetrano et al, 2020) and the mutual impacts between the
contemporaneous health conditions (McMillan and Hubbard, 2012)
appear to be two concepts that are missing from the existing paradigm
of diagnostic reasoning. A preliminary review of the literature revealed
little and inconsistent information in this area. A systematic review in
2015 (Bogetz et al, 2015) identified 22 articles on educational
interventions on chronic care, but most of them were on a single
chronic condition and the studies did not consider clinical reasoning
but rather focused the knowledge of the health care delivery system,
the development of management and inter-disciplinary teamwork
skill, or attitudes of students and residents toward chronic care.
According to the same situational approach as Schaye et al. (2023), a
recent study (Hughes, 2022) investigated the general practitioners’
reasoning process when managing patients with multimorbidity,
identifying internal, external, and relationship-based elements.

The underlying assumptions in the Introduction lead to the
conclusion that medical educators need both new pedagogies to
encourage the development of cognitive abilities necessary in the
management of patients with complicated trajectories of
multimorbidity and theoretical models to describe the non-linear
complexity of multimorbidity (Shi and Nambudiri, 2018). A special
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problem arises when chronic illness narratives reflect the passage of
time, a crucial element (Consorti et al., 2023).

In this situation, we thought that a scoping review was the right
method to fill this gap of knowledge and to describe constructs and
methods in the education of clinical reasoning in patients with
multimorbidity, with a particular interest for information technology-
based methods. The review was aimed to examine if research in this
field described a single learning outcome or more than one, and the
kinds of methods of teaching, learning and assessment. Finally,
we considered the possible research perspectives.

Hence, the research questions were:

- What is the definition of the construct of clinical reasoning in
patients with chronic multimorbidity?

- What are the considered learning outcomes?

- What are the teaching and learning methods?

- In which special way can information technology help in
developing clinical reasoning in multimorbidity?

- What are the research perspectives?

This article is compliant with the PRISMA-ScR checKklist for
scoping reviews (Tricco et al,, 2018).

2. Methods
2.1. Population

After a brief search, we soon discovered that studies on a group
of graduate students may also satisfy the research demand. Initially,
we solely considered undergraduate medical students as the target
demographic. As a result, we broadened our scope to incorporate
both graduate and undergraduate students as well as practicing
physicians. This choice was motivated by the first sample of retrieved
which adopted the
constructions for other professional groups. Because of this,

publications, same methodology and
we assumed that the issue of interest—also for its novelty—was
common across all levels in medical education.

2.2. Concept

We searched for any kind of article or monograph dealing with
education of clinical reasoning for patients with chronic multimorbidity.
The supposed construct or competence is not clearly defined in
literature, and this was one of the main reasons for this review.
Nevertheless, we considered the ability of conceiving a complex clinical
history over time, with multiple intersecting conditions, and the ability
to foresee and manage the evolutions of the patient’s condition.

2.3. Context

As anticipated above, we searched for undergraduate, graduate,
and continuing education, since we were interested in defining the
construct of clinical reasoning in multimorbidity patients and related
methods of education. To explore how information technology can
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support the development of clinical reasoning in multimorbidity
patients, we also probed the technological domain of the application
of methods and models of knowledge representation for temporal
reasoning in medicine.

2.4. Eligibility criteria and source of
information

Due to the exploratory nature of a scoping review, we searched
any kind of publications, both from the bibliographic databases and
the grey literature. A publication was selected if it reported about any
kind of synthesis of research or an experimental study (observational,
quasi-experimental, trial, qualitative research) or case study,
commentaries, and editorials about the education of clinical reasoning
in multimorbidity, including articles defining—as learning
outcomes—the competencies for the clinical management of
multimorbidity. Articles reporting the technological problems of
representing the clinical knowledge used to manage a condition of
multimorbidity were selected if they contained elements relevant to
the research questions of this scoping review, especially when dealing
with the representation of temporal relationships.

We excluded articles dealing with education to the management
of a single chronic disease or pediatric conditions. We also excluded
articles concerning only the competencies to manage organization and
the system of resources to care for multimorbidity, or only
communication skill, and articles only defining the concepts of
multimorbidity and clinical complexity. Overall, if an article did not
provide at least a perspective of education, it was excluded.

We accessed the following databases: Pubmed, Scopus, ERIC, and
CORE for grey literature. The reference list of the retrieved reviews
and other kinds of articles was also scanned.

Because scoping reviews are exploratory in nature and attempt to
map all of the current literature that is accessible in a particular area
of interest, we did not place time constraints on them (Maggio et al.,
2021). An unbounded time restriction would also have allowed for the
historical development of ideas and practices over time to be shown.
The search was only conducted in English.

2.5. Selection and data charting

Together, FC and AL searched Pubmed, Scopus, ERIC, and CORE
in the bibliographical databases. After importing all the retrieved
articles into a bibliographic management application, duplicate articles
were removed. The articles were divided into groups, and MB, AL,
RM, CS, and LV (one group each) quickly reviewed their titles to
eliminate any that were not pertinent. To assess the eligibility of the
remaining articles, three groups of abstracts were produced, and two
authors (LG joined the aforementioned authors in this phase)
separately reviewed each group. The few cases of disagreement were
handled under FC’s direction by discussion and agreement rather than
by using a formal procedure. FC and LG periodically sought
information from the other authors to identify uncertainty throughout
the entire process.

The full text of the selected articles was read individually and then
discussed in some joint meetings, to agree a final evaluation. In this
phase no formal methods of agreement were used. Due to the

Frontiers in Education

10.3389/feduc.2023.1202360

exploratory intent of a scoping review, no quality assessment was
done, but we extracted data from every selected article.

We used a form, shared in a virtual drive, to extract and store data.
Each author was assigned a set of articles for data extraction, FC
supervised the whole process. The items of the form are the columns
of Table 1.

2.6. Data synthesis

In a series of meetings, we applied the same principles as in
thematic analysis (Braun and Clarke, 2019) to abstract in an inductive
way the themes from the itemized data. The themes and sub-themes
were used to answer the research questions.

3. Results

The selection process is depicted in Figure 1. It resulted in 30 articles
(see Table 1), that were thematized into three classes: the multimorbid
patient as a teacher (8 articles), defining a framework of competence (11
articles), representing multimorbidity and related clinical reasoning (11
articles). In this last theme were also grouped studies using technology
to enhance learning, with various ways to focus on the representation of
the process of reasoning. Although we retrieved studies about temporal
reasoning in medicine, no one was explicitly addressed to multimorbidity.
Finally, we could not find any article in the grey literature.

3.1. Descriptive summary of the selected
articles

Thirteen of the 30 selected articles (43.3%) were published before
2018, the remaining 17 (56.7%) between 2018 and 2023. The area of
origin of the first author was Europe (13; 43.3%), USA (10; 33.3%),
Australia-New Zealand (3; 10%), Asia (2; 6.7%), and Canada (2; 6.7%).
Three of these articles were produced by an international collaboration.

Six articles were observational (20.0%), six case studies or
reporting of single experience (20.0%), six position papers, consensus
and commentary (20.0%), five qualitative research articles (16.7%),
three mixed method and one survey that reported both quantitative
and qualitative data (13.3%), and one systematic review (3.3%), that
was included because it concluded with an endorsement of the chronic
care model (CCM) (Wagner et al., 2001) as a preferred theoretical
method to teach caring of multimorbid patients. We found only two
comparative studies (6.7%).

Sixteen articles (53.3%) were about undergraduate students, five
on general practitioners (16.7%), and four on residents or in general
referred to all kinds of medical learners (13.3% each). Two articles
(7.2%) were not clearly addressed to a category of learners.

3.2. The patient as a teacher

The most used educational methods to develop the clinical
competencies needed to manage multimorbid patients was the live
experience of the student meeting face to face real multimorbid
patients—specially in their home environment—or simulated patients.
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TABLE 1 The list of selected articles and their characteristics, divided in two sections (articles older than 5 years, articles of the last Syears).

Article

Country

Type

Population

[\[o}

Learning
outcome

Method

Assessment and/or
main message

Theme

Articles from 2006 to 2017

Frontiers in Education

04

Bogetz et al. USA Systematic review - - - - The review supports the Framework of
(2015) chronic care model competence
Lawson et al. UK, India, Italy Survey Undergrad st. 917 | Perception of International survey International comorbidity Framework of
(2017) and Sweden knowledge, confidence education framework (ICEM), | competence
and training as an educational tool
Maguire et al. Ireland Observational GP resident 20 Disease management Simulated written Increase in knowledge and Framework of
(2015) clinical cases confidence. competence
Production of “rules of thumb”
McKinlay etal. | New Zealand Qualitative Undergrad st. 57 Clinical management Patient as teacher Interviews showed a change in | Framework of
(2009) awareness chronic care model attitude competence
Muth et al. Germany Consensus report GP - - International consensus | ARIADNE: a list of principles, | Framework of
(2014) and practical hints competence
Pols et al. Australia Position paper - - A list of knowledge, International workshop | Based on chronic condition Framework of
(2009) New Zealand attitudes, and skills management (CCM) and competence
chronic condition self-
management (CCSM)
Diederiks etal. | Netherlands Observational Undergrad st. 240 | Awareness Home visits The students are more Patient
(2006) interested in clinical
manifestations than health
maintenance
Latta et al. New Zealand Mixed method Undergrad st. 115 | Diagnostic Patient as teacher Students, staff, and patients Patient
(2013) competence Simulation feedback indicated a positive
Lecture value
LoFaso et al. USA Mixed method Undergrad st. 164 Knowledge and Home visits Students felt they learned Patient
(2010) awareness Creative art production | about the complexities of
chronic illness
Nieman and USA Observational GP residents 47 Communication skill Use of SF-36 Final OSCE showed increase Patient
Cheng (2011) Diagnostic Reflective writings of competence
competence Portfolio
Andolsek etal. | USA Comparative non GP 1,479 | Managing patients Realistic case scenarios Attending a live workshop Representation and
(2013) RCT with multiple in live workshops vs. produced better results than technology
comorbidities online case studies alone | only playing online cases. enhanced
Jayasinghe Sri Lanka Observational Undergrad st. 289 Clinical reasoning Graphical clinical Increase in ability to link Representation and
(2016) reasoning map signs, symptoms and diseases technology
enhanced
Milano et al. USA Observational Undergrad st. 79 Disease management Simulation on electronic | Timing of the intervention is Representation and
(2014) Health maintenance healthcare records important technology
Chart work assessed enhanced
with a rubric.
Articles from 2018 to 2023
Dekhtyar etal. | USA Consensus report Undergrad st. - - Consensus conference A framework of six Framework of
(2020) competencies was based on competence
CCM
Kirley et al. USA Comparative RCT | Undergrad st. 159 History taking H&P 360, an expansion | Increase in incorporating Framework of
(2020) of the history and biopsychosocial elements to competence
physical examination the traditional H&P
process assessment
Leiva- Spain Reporting GP - Overcoming eMULTIPAP course, A past trial of the MULTIPAP | Framework of
Fernandez et al. fragmentation of based on problem-based | face-to-face course had a competence
(2020) healthcare, obtaininga | learning, and ARIADNE | positive outcome
person-centred care principles
and shared decision,
adapting guidelines
Mitchell and USA Commentary Residency - Multimorbidity - A list of competencies to care Framework of
Bartell (2021) programs training elements multimorbid patients competence
(Continued)
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TABLE 1 (Continued)

10.3389/feduc.2023.1202360

Article Country Population No. Learning Method Assessment and/or
outcome main message
Shi and USA Commentary Undregrad st. - Shared decision Proposal of chronic- Creative strategies to enhance | Framework of
Nambudiri making with patients disease-focused medical student education on | competence
(2018) Effective transitioning | Advanced clerkships and exposure to taking care of
of care Leveraging technology multimorbid patients:
Identification of for education clerkship, technologies
system failures
Alex et al. Malaysia Reporting Undergrad st. 106 Knowledge, attitudes, Team-based learning, Positive feedback from Patient
(2021) and history taking meeting with expert students
patients, simulation
Player et al. UK Qualitative Undergrad st. 102 Awareness of Lecture with expert increased understanding, Patient
(2019) complexity patient empathy, and preparedness to
consult
Rieffestahl et al. | Denmark Qualitative Undergrad st. 32 Awareness Encounters with Difficulty of empathizing with | Patient
(2020) Communication multimorbid patients the multimorbid patient
Romme et al. Netherlands Qualitative Undergrad st. 51 Awareness of Meetings with an expert | Increase in awareness Patient
(2020) (interprof.) multimorbidity and patient
context
Bracken et al. Canada Mixed-methods Undergrad st. 160 Management of Asynchronous and Positive effect of technology- Representation and
(2021) chronic conditions in | synchronous e-learning | enhanced learning technology
the family medicine PBL modules enhanced
setting
Cook et al. USA Commentary All categories - Management Narrative summary of Management reasoning Representation and
(2019) reasoning literature involves negotiation of a plan technology
and ongoing monitoring/ enhanced
adjustment of that plan.
Jack et al. UK Reporting All categories - Communication, SHERPA = sharing A three-step process (share, Representation and
(2018) shared decision evidence routine for a link, and plan), which uses technology
person-centred plan for | sketching out on paper to enhanced
action represent multimorbidity
Kogan et al. Israel Case study All categories - Integrating guidelines | A goal-based framework | A decision support tool that Representation and
(2018) in multimorbid to detect and mitigate can be used in virtual technology
patients inconsistencies between | simulations enhanced
goals and between
actions
Pecoraro etal. | Italy Case study All categories - Clinical reasoning Graphical model with Health issue network as an Representation and
(2021) computational approach to represent technology
properties multimorbidity for teaching enhanced
Ritz et al. Switzerland Qualitative GP 9 Representing and The ability to supervise in the Representation and
(2021) prioritizing the clinical setting requires an technology
problem understanding of the clinical enhanced
Making links among reasoning strategies that are
problems used
Anticipating the future
Managing continuous
review of different
problems
Sader et al. Case study GP 1 - In depth interview Need for “cognitive flexibility” | Representation and
(2023) as a main component technology
enhanced
Waechter etal. | Canada, USA, Observational Undergrad st. 75 Clinical reasoning Computer-based The software analysis of the Representation and
(2022) Netherlands simulation of cases choices of every learner gave technology
formative feedback relevant to | enhanced

clinical reasoning skills

Each section is ordered by theme and first author.

More encounters or lectures with the expert patient were highly valued
(Latta et al., 2013; Player et al., 2019; Romme et al., 2020; Alex et al.,
2021). Expert patients are real chronic patient who attended a special
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training to become more aware of their condition and skilled to
transform the knowledge of their illness into a positive input for medical
students and young doctors in training. Home visits were also a useful
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=
8 &///
(7]
7]
Reports assessed for eligibility Reports excluded:
(n =155) Single chronic disease or
pediatric (n = 86)
Only system of care (n = 30)
No perspective on education
(n=9)
4——-———'—'—’_"/‘——
2 Studies included in review
= (n=30)
° Reports of included studies
= (n=30)
FIGURE 1
PRISMA flow chart of the process of selection of the articles.

context for understanding multimorbidity (Diederiks et al., 2006; LoFaso
etal,, 2010; Rieffestahl et al., 2020). The only study on residents (Nieman
and Cheng, 2011) used a mix of reflective writings after patient’s
encounters and a structured portfolio of activities, including the training
to use SF-36, a multidimensional questionnaire to assess quality of life.

According to the chronological trend, the expert patient has just
recently begun to gain popularity as a tool for improving
communication skill, attitudes, and comprehension of the complexity
of multimorbid conditions.

3.3. Frameworks of competence

This was the largest class of selected articles, grouping articles
from 2009 to 2021 reporting a proposal of theoretical framework or a
list of clinical competencies supporting healthcare for multimorbidity.

Frontiers in Education

Four (McKinlay et al., 2009; Pols et al., 2009; Bogetz et al., 2015;
Dekhtyar et al., 2020) out of the 11 articles quoted the chronic care
model (CCM) as the reference model for multimorbidity, to develop
effective educational interventions. Other proposals were the
International Comorbidity Education Framework (Lawson et al,
2017), and ARIADNE, a list of principles and practical hints (Muth
etal, 2014; Leiva-Fernandez et al., 2020). Finally, the remaining three
articles reported a more limited set of learning outcomes (Maguire
et al,, 2015; Kirley et al.,, 2020; Mitchell and Bartell, 2021). One
commentary, written by an undergraduate student (Shi and
Nambudiri, 2018) recalled the core entrustable professional activities
defined by the Association of American Medical Colleges.

The creation of a framework of competence for chronic care was
the subject of more than half of the papers from 2006 to 2017 (7/13;
53.8%), mostly as a consequence of an international survey or
consensus meeting. However, this subject was still covered in five of
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the seventeen (39.5%) publications that were published in the last
5years.

3.4. Knowledge representation and
technology-enhanced learning

The articles in this class were of relevance, because they reported
some attempts to represent the process of clinical reasoning in
multimorbidity and coherent methods to develop it. This is the reason
why apparently different methods like hand drawings of diagrams
and the use of technology are grouped together. Four articles reported
of technology-based, case-based learning (Andolsek et al., 2013;
Milano et al., 2014; Bracken et al., 2021; Waechter et al., 2022) as an
effective way to simulate the process of reasoning and management
of complex cases of multimorbidity. Interestingly, Milano et al. (2014)
built their system on a simulated electronic medical record. Both this
and Waechters systems were able to provide the learners an
automated feedback, based on the data they used and the choices
they did.

A quite different approach was adopted by Jack et al. (2018) with
the SHERPA method (Sharing Evidence Routine for a Person-Centred
Plan for Action), who designed and tested a three-step process (share,
link, and plan), to sketch out on paper the representation of the
situation of a multimorbid patient and the related plan of management.
The same idea of graphical representation of a complex clinical
situation underlay the proposal of Jayasinghe (2016) and Pecoraro
etal. (2021). While the former is a developed kind of concept map, the
latter is a formal approach with computational properties, based on
Petri nets. The system was designed to represent the evolution of the
patient’s condition over time and also includes a computer-assisted
design environment to draw time-oriented diagrams. Kogan et al.
(2018) tackled the problem of the conflict of guidelines for different
diseases, which often occur in multimorbidity. Their system was
designed to facilitate the integration of guidelines in multimorbid
patients and can be used in virtual simulations.

Three last articles were included (Cook et al.,, 2019; Ritz et al.,
2021; Sader et al., 2023), because they were the only retrieved articles
that explicitly explored the way a general practitioner reasons when
dealing with a multimorbid patient. Cook et al. (2019) proposed the
concept of management reasoning, as the ability of “negotiation of a
plan and ongoing monitoring/adjustment of that plan,” while Ritz
et al. (2021) and Sader et al. (2023), from the same research group,
reported the result of a qualitative study and an in-depth interview,
highlighting the need for “cognitive flexibility” as a main component
of clinical reasoning in multimorbidity, which has been described as
composed by the abilities of representing and prioritizing the problem,
making links among problems, anticipating the future, managing
continuous review of different problems.

The number of articles discussing the use of technology-enhanced
learning techniques has definitely increased over time, going from
3/13 (23.0%) of the oldest articles to 8/17 (47.0%) of the articles in the
previous 5 years, showing a potential development trend.

4. Discussion

The results of this scoping review offer an answer to the research
questions we posed, pointing out also the wide gaps of knowledge and
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practices in the domain of medical education to clinical reasoning in
multimorbidity and suggesting direction for further research.

4.1. Construct and learning outcomes

This part of the Discussion aims to answer to the first two
research questions.

A first contribution to explore the mental construct of clinical
reasoning in multimorbidity came from Ritz et al. (2021) and Sader
etal. (2023), and their contribution came from a series of interviews,
not yet leading to a clear theoretical framework. In depth interviews
have been the main method through which we built our present
understanding of clinical reasoning, as described in short in the
Introduction of this review (Eva, 2005; Croskerry, 2009).
Unfortunately, that model of reasoning seems not to be adequate in
multimorbidity, especially because it is addressed to reach a diagnosis,
while in multimorbidity the diagnoses are often already known, and
the clinical problem is managing the evolutions. A cross-sectional
study on the epidemiology of multimorbidity (Barnett et al., 2012)
concluded that “our findings challenge the single-disease framework
by which most health care, medical research, and medical education
is configured” To a similar conclusion came Hughes (2022), who
argued that there are three groups of factors involved in clinical
reasoning and decision making in multimorbidity: internal factors of
the individual, external factors (environment, context of the
encounter) and relationship-based factors, linked to the process of
collaborative planning with the patient. A second proposal of
definition of the mental process at play when a clinician reasons of a
case of multimorbidity is the concept of “management reasoning”
(Cook et al., 2019) and the related construct of “management scripts”
(Cooketal., 2023). Analogous to the illness scripts, already defined in
the Introduction, a management script is a list of characteristics that,
after the recognition of a pattern, is triggered and drives the process
of thinking of the clinician. Hence, for Cook and his research group,
the problem of multimorbidity is mainly a problem of management.

Even if an agreed definition of the construct of clinical reasoning
in multimorbidity has not yet been reached, several proposals of
framework of competencies for healthcare provision in multimorbidity
has been designed. Overall, based on what we summarized in the
previous paragraph, the competencies can be divided in three domains
(Table 2): from a strictly clinical point of view, the ability of managing
uncertainty, anticipating and detecting evolutions and conflicting
guidelines, and setting priorities; from a relational point of view, the
ability of communicating uncertainty and developing a feasible,
shared plan of care with the patient; from an organizational point of
view, the ability of managing the wide system of resources needed to
take care of a multimorbid patient. This simple subdivision offers an
important orientation to the choice of the teaching-learning methods
and to the support technology can offer.

4.2. Methods of teaching and learning

If we consider the third research question and the three domains
of competencies summarized in Table 2, Biggs principle of
constructive alignment (Biggs, 1993) should drive the selection of the
best method for every domain and sub-domain. In this theoretical
perspective, every type of learning outcome should be “aligned” with
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TABLE 2 Domains of competencies related to clinical reasoning in multimorbidity and aligned teaching/learning methods.

Domain Sub-domain References

Teaching/learning

method

Clinical reasoning « Managing uncertainty Case-based learning, supported by Andolsek et al. (2013), Bracken et al. (2021), Milano

« Anticipating and detecting evolutions technology et al. (2014) and Waechter et al. (2022)

« Setting priorities Paper-based cases discussed in small | Maguire et al. (2015)

« Identifying and managing conflicting groups. Kogan et al. (2018)

guidelines
Conceiving the links among health issues and

the related evolutions

Decision support systems

Graphical representations

Jack et al. (2018)
Jayasinghe (2016)
Pecoraro et al. (2021)

Relationship Communicating uncertainty

Developing a feasible, shared plan of care

with the patient

Encounter with real or expert

patients

Alex et al. (2021), Diederiks et al. (2006) and Latta
etal. (2013)

LoFaso et al. (2010) and Nieman and Cheng (2011)
Player et al. (2019) and Rieffestahl et al. (2020)
Romme et al. (2020)

Management reasoning

Managing the system of resources needed to

take care of a multimorbid patient

Monitoring/adjustment of the plan of care

Inter-professional collaboration

Learning activities based on the
chronic care model
Case-based learning

Interprofessional learning activities

McKinlay et al. (2009)
Pols et al. (2009)
See refs in the first domain

Romme et al. (2020)

the assessment method and, consequently, with the suitable teaching
or learning method. Both the encounter with a real and an expert
patient proved to be particularly effective in developing
communication skills and awareness of the dimensions of
multimorbidity. When real encounters were supplemented with
reflective writings, this produced an increase in the learner’s awareness
of what multimorbidity is. Case-based learning is the preferred
method to increase competencies in the clinical domain, and
technology can provide a multiplier effect. Finally, a combination of
activities based on theoretical models of multimorbidity such as the
CCM or ARIADNE and case-based learning, possibly played in inter-
professional groups, are the aligned methods for the competencies in
the management domain.

4.3. Technology-enhanced learning and
perspectives of research

The last research question related to the role of information
technology in developing clinical reasoning in multimobidity. The
efficacy of computer-based simulation of clinical cases has been
proven (Consorti et al., 2012), and some articles selected for this
review confirmed this finding also for cases of multimorbidity
(Andolsek et al., 2013; Milano et al., 2014; Bracken et al., 2021;
Waechter et al., 2022), even if reaching conclusive evidence needs
more comparative studies. What seems to be missing is the “sense of
time lapse” One of the key features of multimorbidity is that the
overall condition of patients evolves over time (Vetrano et al., 2020).
For a simulation of multimorbidity to be more effective, the learner
must perceive the passage of time and the time-based interactions
among the trajectories of the illnesses and their treatment.

Among the selected articles, traces of the concept of evolution
over time are found in Diederiks et al. (2006) and LoFaso et al. (2010),
who both quoted the “awareness” developed by their students after
home visits. Nevertheless, awareness is an elusive construct that is
difficult to define and assess, especially from an operational point of
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view. It could be awareness of the living condition of an old,
multimorbid patient, of organizational issues and the availability of
resources in the local healthcare system, or of the sequencing and time
management of activities. A more robust proposal comes from
Pecoraro et al. (2021). Their research group developed a syntax of
evolutions of the health-related problems over time of the health

» . .

issues of a patient (Ricci et al., 2022), such as “worsening,” “improving,”
“complication,” “recurrence;” “examining in-depth” (i.e., moving from
the occurrence of symptoms and signs to a diagnosis), “persistence,”
and “cycle” (i.e., an alternance of acute and sub-acute or asymptomatic
phases of a disease). They also modeled the coexistence and mutual
influence among different health issues. As described in Section 3.4,
the diagrams representing the story of a chronic patient are ordered
over time. This model is still under development, and a recent article
discusses its philosophical tenets (Consorti et al., 2023).

Adaptive e-learning is a broad term indicating methods and tools
used in technology-assisted learning to support the different learning
needs and styles of students (Gupta et al., 2020; Yakin and Linden,
2021). The main applications are in the field of formative assessment,
and we found an example of adaptive learning in Waechter et al.
(2022), in which the software analysis of the choices of every learner
gave personalized formative feedback relevant to clinical
reasoning skills.

In their review of ten years of international workshops on
knowledge representation (KR) for health care (KR4HC), Riafio et al.
(2019) summarized the main topics. Two of these topics are very
interesting for the goal of this scoping review: temporal knowledge and
reasoning and guideline integration for multimorbid patients.
We suggest that these topics are relevant to designing and implementing
a technology-assisted simulation environment in which a learner can
experience a patient’s life-long time lapse, move forward and back over
time, explore the interactions among diseases and social determinants,
and possibly conflicting treatments to be prescribed according to the
guidelines of the different diseases. Examples of the value of temporal
reasoning in such an advanced simulation for clinical training are the
work of van der Heijden and Lucas (2013), who, through Allen’s
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algebra, formally defined the seven basic relations that can hold
between two-time intervals when describing a clinical case (before,
meets, overlaps, starts, during, finishes, equals). Another example is the
work of Kamisali¢ et al. (2018), who analyzed time constraints in a set
of fifty real clinical procedures to detect possible conflicts with the
constraints imposed by the clinical guidelines.

This review has the usual limitations of a scoping review. Despite
the wide strategy of search, some relevant articles could have been
missed, especially from the grey literature. As a scoping review, we did
not assess the quality of the selected articles, because we were
interested in detecting what topics and issues were present in this field
of research. Hence, some of the reported articles could be of low value
as evidence of effectiveness; they only testify that a researcher felt that
a topic deserved attention. Our synthesis arose from a thematic
analysis, and, as in all qualitative methods, a different perspective
could have been adopted. Nevertheless, we think we provided enough
interpretations and quotes to let the readers develop their own vision
of the problems in the field of medical education and clinical reasoning
in multimorbidity.

5. Conclusion

The increasing prevalence of multimorbidity in many countries is
a challenge both from a healthcare and educational point of view. This
review contributed by providing a better understanding of the current
positions on the nature of clinical reasoning in multimorbidity and a
synthesis of the knowledge about the methods of development of this
construct. Suggested perspectives for research are toward a deeper
understanding of the process of clinical reasoning from the point of
view of cognitive psychology and education sciences. The need to
simulate chronicity and the passage of time highlights the importance
of developing methods and technologies to support a lively
representation of the life-long experience of patients, embedded in a
powerful environment of simulation equipped with temporal logics,
natural language processing, and the ability to manage a graphical
synthetic representation of the network of health-related problems
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