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Abstract

Introduction: Clinical reasoning is a crucial competence for medical practice and also a complex task that is susceptible to

cognitive errors. It is usually taught based on whole clinical cases, from a practical rather than from a conceptual perspective.

Addressing the need to improve clinical reasoning teaching into undergraduate medical curricula, it was hypothesized that

medical students could benefit from a practice and theoretical approach to the clinical reasoning process. Methods: A four

week online course, based on simulation and groupal reflective practice was developed, to promote metacognition between the

participants. The course was delivered to 8 sixth year medical students as an elective module. A questionnaire consistent of

four open-ended questions was designed to explore knowledge about clinical reasoning and cognitive errors, and was applied

at the beginning and at the end of the course. A qualitative analysis was conducted with Berelson content analysis method.

Results: After the course the students changed their understanding about clinical reasoning, considering it more like a process

and identifying the dual nature described in modern theories of clinical decision making. Also they changed their knowledge

about cognitive errors, attributing them not only to lack of knowledge, and understanding that they can actively practice some

strategies to reduce cognitive bias. Discussion: This study confirmed that undergraduate students change in a positive way

their concept of clinical reasoning and their knowledge about this cognitive process and cognitive errors that occur on it after

a course that includes simulation and reflection.

OBJECTIVE

This research aims to describe changes in the knowledge about clinical reasoning and cognitive errors after
an intensive online course based on simulation and reflective practice.

METHOD

A four-week online course, to promote active experimentation using simulation and reflection about clinical
reasoning related to adult pathologies in emergency settings was developed. The course was delivered to sixth
year medical students as a pilot in an elective module designed to adapt teaching to COVID19 pandemic
conditions.

In order to assess changes in students’ knowledge about clinical reasoning and cognitive error a qualitative
study was performed using a case study research method.18

The case included eight students who were taking this course chosen by intentional sampling. Five of them
were women, and all of them were taking this course for the first time.
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The course finished with a project based learning, consistent in the design and implementation of a simulation
scenario and debriefing by the students organized in pairs, and a session of analysis of the implementation
focused on facilitation techniques to promote reflection.

The study was approved by Universidad del Desarrollo ethical committee (48/2018, with an extension at
May 2020). All volunteers participated in an informed consent procedure.

A four open-ended questions questionnaire was designed to explore knowledge about clinical reasoning,
cognitive errors, the reflection process on decision making and how teamwork and communication affect
decision making. It was applied at the beginning (pre-course questionnaire) and at the end of the course
(post-course questionnaire).

A qualitative analysis of the responses was carried out, using Berelson’s content analysis19 as a method to
detect changes in the participants’ perception of what clinical reasoning is and its elements. The subjects,
whose privacy is reserved, are represented in Tabla 1 with Roman numerals.

RESULTS

The results of the study are presented below, organized according to each of the four used questions.

What is clinical reasoning?

In the pre-course questionnaire, the participants described the mechanism of clinical reasoning as a process
or method of critical analysis, systematic reasoning or an ordered logical thought. They mentioned that in
it, one deliberates at each step, focusing on clinical features of the patient. Different diagnoses, variables and
ways to proceed are evaluated, using and integrating medical knowledge. Very similarly, in the post-course
questionnaire, the participants conceptualized the clinical reasoning as a cognitive process of logical thinking,
in which one takes the story, physical evaluation and exams of the patient, presents the differential diagnoses,
analyzes the information mentioned and finally makes a decision. However, new elements were added such as
the probability of illness as part of the decision process and the permanent evaluation of adopted behaviors
and clinical decisions.

In both times, they acknowledged that the purpose is to face a clinical situation, develop a better decision-
making process, determine differential diagnoses, guide exams, and then to an appropriate treatment or
action. While in the post-course, they mentioned that clinical reasoning is carried out to integrate the
information on a clinical case.

Regarding the context, the subjects identified that clinical reasoning is carried out in a clinical case, when
facing a patient, considering their story and context both in pre and post questionnaire.

What are cognitive errors?

In the pre-course questionnaire, several participants stated that they did not know or were not sure about
the concept of cognitive errors. Even though, some referred to them as mistakes or equivocations that are
made. By the other hand, in the post-course questionnaire, all the participants gave a definition. Concepts
like problems, traps or improvable approaches were added to the characterization of cognitive errors.

Regarding the mechanisms for these errors, in the first instance, it is described as the misinterpretation of the
information or way of proceeding. Between the causes, they alluded it to the lack of knowledge, erroneous
conceptions, or being pigeonholed in a diagnosis. In the post-course survey, the participants described
different and multiple ways in which cognitive errors can be generated during the thinking process. It was
described that the errors can occur at different stages of the process. Knowledge errors can occur because
of a lack of it or mistakes in the concepts. Other influences such as personal experience, previous knowledge
or beliefs are incorporated. They also refer that cognitive errors can be generated by the incorrect handling
of the data, considering the process of collecting, integrating, confirming and interpreting the information.
Some theoretical topics like system one, system two and cognitive bias that alters the reasoning process are
also mentioned.

2
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By contextualizing cognitive errors, in both questionnaires, they placed them within the process of clinical
reasoning.

Finally, in the second questionnaire, the idea of “consequences of cognitive errors” was incorporated. They
describe that they ”influence, alter or hinder clinical reasoning, so they can lead to erroneous conclusions.”

What do you understand from “reflection processes in clinical decision-making”?

In both moments, most of the participants conceptualized the reflection processes in clinical decision-making,
as “instances”, “pauses” and “moments”. Regarding the mechanism of these reflection processes, in both
surveys is referred as a process in which important aspects are identified, reflected, an analysis is performed
and ”retrospective counting” is carried out. In the second questionnaire, participants use more complex
expressions, including some theoretical concepts as the integration and confirmation of data. Also, analysis
of decisions, errors and successes are added to the process.

The participants stated that the content that is analyzed is the information collected in a case, the reasoning,
the actions taken and the decisions.

When describing the context of the reflection processes in clinical decision-making, in the first instance they
refer to the clinical reasoning process. In the second opportunity it is specified that it is carried out before,
during and after making decisions related to a clinical case.

With regard to the purpose of the reflection process in clinical decision-making, on both occasions they
mention that it seeks to analyze the clinical case, for the most appropriate diagnosis and management of the
patient. After the learning experience on clinical reasoning, they added that it also seeks to ”it allows to
evaluate the actions that were carried out and what could be improved” and ”to be able to discern if this
could have been done better in another way”, for example.

How do team-work and communication affect decision-making?

In both surveys, the participants identified teamwork and communication as important elements in decision-
making and referred that they affect positively in the reasoning process. In the pre-course questionnaire the
participants highlight that it is important because it allows to analyze more than one perspective and to
delegate tasks within the team. In the post-course questionnaire the participants recognize that teamwork
and communication helps each other to feel supported and to complement each other’s points of view, this
way the discussion is enriched in order to consider the better option for the patient. Regarding the mechanism
of teamwork, in both moments the participants highlight the importance of adequate communication and
knowledge of the role of each member. In the first questionnaire it is emphasized that teamwork influences
the analysis method, and the correction and feedback for the team when confronting a clinical scenario. In
the second questionnaire, the evolution of teamwork is deeper described. They mention that “it works as
a cognitive support for the physician that makes the diagnosis” and identified that “a good teamwork, in
which everyone contributes according to their role and experience and that communicate with each other
appropriately and also with patients”. As to the purpose of teamwork and communication in decision
making, in the first instance they indicate that it aims to be able to handle all the possible information, see
and incorporate new perspectives and ways of reasoning. After the learning experience, they add that it seeks
to enrich the discussion, identify and reduce biases and errors. In both instances they agree that it allows
the best management for the patient. Finally, concerning the context of decision making and teamwork, in
both moments, they mention that it occurs when making decisions in a clinical setting. In the post-course
questionnaire, they included when carrying out an intervention.

DISCUSSION

Clinical Reasoning

The concept of clinical reasoning described by the participants, especially after the intervention, is very
similar to the concept found in literature, probably because of clinical reasoning is a mainstay in medical

3
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training, a necessary cognitive process to analyze and solve a patient’s clinical problem,2 in an appropriate
way, in the patient’s benefit.1

Before the course participants express ideas that seem to reflect an understanding of clinical reasoning as a
linear process and after the course they use expressions that reveal an understanding of clinical reasoning as
a cyclical process, with control mechanisms that articulate and constitute a kind of continuous improvement
process.4

In regards to the purpose of clinical reasoning, participants agreed that it is carried out to make a diagnosis
and determine or guide towards an appropriate treatment, and as a final objective “solve a case or clinical
problem”. Comparing both moments, in the second one “integrating information of a clinical case” is added
as part of the purpose of reasoning, and not only achieving the answer. This is consistent with the current
literature, since it has been described that the most important part of the teaching of clinical reasoning
emphasizes the mental process by which thinking is organized, rather than on the result alone.1, 11

Regarding the context, in both instances they refer to it as a case or clinical scenario, when facing a patient.
The way in which contextual factors impact the clinical reasoning performance of medical students has been
studied. The importance of context in clinical reasoning is supported by the finding of a specific context,
which could cause, for example, that a doctor reaches two different diagnoses having two patients with
the same symptoms, findings and apparently the same diagnosis.10 Awareness of contextual factors, which
can lead to cognitive errors, appears with a more comprehensive logic in the post-course. In fact, the first
response is more abstract and the second is more situated and linked to the clinical task, which can help
prevent or at least be attentive to this type of situation.

Cognitive errors

After the course there was an important change in the knowledge of cognitive errors and their implications.
The students recognize them as ”errors and mistakes”, but concepts such as ”traps” and ”improvable ap-
proaches” were added and placed in the thought process, in a similar way that Schnapp defined cognitive
errors.9 They also associate the occurrence of cognitive errors to failures in the use of system one and two,
as has been described by Kahnemann4 and Norman.20

At the same time, it is described that these errors can be of various forms, and at different stages of the
process. With regard to knowledge, in addition to lack of it or errors, external influences such as personal
experience, previous knowledge or beliefs are incorporated. They also refer that it may imply incorrect
handling of the data, both when considering, collecting, integrating, confirming or interpreting them, as was
described by Kassirer et al.21 This also shows a more process-oriented view of cognitive errors rather than a
mechanical consequence of lack of knowledge.

The participants mention cognitive biases, which can also alter the reasoning process. They use expressions
as “shortcuts” that have been used in literature as a reference to cognitive errors.22 Heuristic processes are
inherent to the human mind, and interrupt the logical line of reasoning gathering errors.23 A study that
describes the most frequent heuristic errors in medical students, recognizes that there are no differences
between the errors observed among third- and sixth-year students, despite the difference in knowledge that
exists between students at both levels.24 In that study the students did not know the concepts of error or
heuristics.

They contextualize cognitive errors within the process of clinical reasoning and identify some of the errors
defined in literature.17 After the course they refer to errors as circumstances in the thought process, rather
than in the final result of this. The different opinions expressed by the participants about cognitive errors
reflect the individual nature of the clinical reasoning process and how we are affected in the way we make
decisions according to our own context.10

Reflection processes in clinical decision-making

When conceptualizing the reflection processes in decision making, in both surveys the participants define

4
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it as “instances”, “pauses”, and “moments”. These expressions could represent a need for calm, to get
away to stop and think, or to protect themselves to think. It is possible that for students facing complex
situations is associated with a high cognitive load that prevents them from performing a thorough analysis
of their actions, since they are busy in the process of collecting and processing information. Prior to process
automation, students invest a lot of attention, focus, and effort in decision making, so a student may demand
”time out” to learn how to do something that he or she can then do ”during” clinical care.

Perhaps many of the tasks are assumed as routine, as part of the method of inquiry and not as a thought
process. Only after the learning experience about clinical reasoning, they considered that the reflection
process is an inherent part of clinical decision making and an ability that allows them to evaluate the
measures that were taken and what could be improved” or to “be able to discern whether it could have
been done in a better way, for example”. These expressions are usual in the debriefing process associated
with high fidelity simulation,17 and maybe our experience reflecting on the actions performed at simulation
scenarios contributes to this learning process.

Team-work and communication to improve decision-making

According to the literature, teamwork is indispensable to carry out an adequate management when facing
a patient. This is because it allows the exchange of information and knowledge with the team, which is
crucial for clinical reasoning.25 In this study, participants referred to the relevance of teamwork in the same
way, saying that it allows more perspectives and points of view to be analyzed, but moves deeply on their
reflections, when they recognized that “we have a tendency to be closed in on our beliefs and knowledge,
letting go of different perspectives that can often consider better options for a patient”. This expression
recognizes that teamwork is a good tool to avoid some kind of cognitive errors like anchorage or premature
closure,17 by example.

Some of the ideas that the participants identify regarding teamwork, includes leadership, peer support,
mutual performance monitoring, three of the five dimensions proposed by Salas26 as an effective teamwork.
The literature also highlights the importance of having a ”shared mental model” among team members,
mainly through the exchange of information among them,27 an idea that was also recognized in our study.

The participants in this study consider that teamwork is beneficial for team-members and for the patients.
Effective teamwork and good communication between members reduces errors in clinical practice, increases
safety for patients and delivers effective treatment.28

CONCLUSSION

This study shows that undergraduate students change their concept of clinical reasoning and their knowledge
about this cognitive process and cognitive errors that occur on it after a course that includes simulation and
reflection.

Considering that medical decisions can be influenced by factors beyond the logic of the thought process, we
believe that it is useful for future professionals to be aware of the existence of these processes and elements
so that they can be aware of how they affect their performance in clinical practice and can develop strategies
to regulate their impact. .

We recommend incorporating the teaching of clinical reasoning and cognitive or heuristic errors as part of
the medical curriculum.
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Table 1: Pre and post intervention quotes about clinical reasoning

Question Concept Pre-course
questionnaire quotes

Post-course
questionnaire quotes

What is clinical
reasoning?

Mechanism of clinical
reasoning

Basically, it is reasoning
about the symptoms and
signs of a sick patient.
(III) It is the method
through which different
diagnoses are evaluated
(V) ordering of logical
thinking (I) It is a
process of critical
analysis (VI) Using and
integrating knowledge in
medicine (VIII)

Logical thinking process
(I) Process by which
decision-making is carried
out (II) It is about [. . . ]
raising different
differential diagnoses,
some of which are more
likely than others (III)
cognitive process that
allows the evaluation of
adopted behaviors and
management (VI)

Purpose of clinical
reasoning

To face a clinical
situation (I) To [. . . ] be
able to do a better
decision-making (VII) to
reach a possible diagnosis
(VII) to solve clinical
cases. (VIII)

To identify different
factors that suggest a
diagnosis (I) To integrate
the information of a
clinical case to achieve a
diagnosis and [. . . ] a
correct treatment (VIII)

Context of clinical
reasoning

when facing a patient (II)
carrying out a diagnosis
(IV)

that applies to a clinical
case (I) when
approaching to a patient
(II) considering the
history and the context
of the patient (III 1B)
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What are cognitive
errors?

Definition of cognitive
errors

I don´t know (IV, V) To
make a mistake(VIII)

They are problems in the
process (I) Mistakes that
are commited (II) They
are improbable
approaches to a patient
(V) Pitfalls in the
thinking process (VII)
They are systematic
mistakes (VIII)

Mechanism and causes of
cognitive errors

Misinterpret (I)
Misinterpret the
information from
different sources (III) To
pigeonhole in just one
diagnosis (VI) Because of
the lack of medical
knowledge (VII)

that influence clinical
reasoning, ”trapping” it,
(IV) that make us change
reasoning in some way
(IV) the causes of this
errors can have
MULTIPLE reasons,
many times they are
influenced by personal
experience of one person,
for example (III) beliefs
(IV) because of a
mishandling of the data
(either it’s gathering,
integration and/or
confirmation )(VI) either
because of lack of
knowledge either because
of [. . . ] considering
wrongly some of the data
(I) and cognitive biases
(II) (they can belong to
system 1 or 2) (V) That
can be because of lack of
or wrong knowledge,
(VII) That occur when
there is a bias that
affects the reasoning
process (VIII)

Context of cognitive
errors

when [. . . ] making
decisions (II) either in
terms of exam request,
(VI) either in [. . . ]
procedures, (VI)

that are made at the
time of carrying out
clinical reasoning. (II)
that occur in particular
situations(V) in the
thinking process (VII)

Consequence of cognitive
errors

————– That may lead to wrong
conclusions (I) because
they alter the way in
which we think (IV) that
hinder an appropriate
clinical reasoning (VI 2B)
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What do you understand
from “reflection processes
in clinical
decision-making”?

Definition of reflection
processes in clinical
decision-making

instances (VII) moments
(V) pauses one takes (VI)
“check points” (II)

Pauses and moments
(I,II,V) They are
instances or spaces (VI)
(in this) gaps of time
(VI) “protected” time
(VII) Process (VIII)

Mechanism of reflection
processes in clinical
decision-making

process of connecting the
dots (I) making a
retrospective count (VIII)
self-analysis moments (V)

in which time is given to
think about the decisions
that are made in the
clinical reasoning
process(II) the
performance is analyzed
in a reflexive way (V)
analyzing rigorously the
conducts that have been
taken until now, that are
being taken and/or
planned to take (VI) one
should be able to
question his/her own
actions [. . . ] identify
errors and hints (VI)
analysis the obtained
data, integrated and
confirm them (VII)
Assess retrospectively the
reasoning that was made,
the decisions made in
relation to it (VIII)

Content of reflection
processes in clinical
decision-making

about a patient’s clinical
case (III) considering the
patient’s history, reason
for consultation, context
and current situation
(VI) of my [. . . ]
reasoning to reach a
decision (VIII)

the decisions that are
made in the process of
clinical reasoning (II)
Reflect about the
patient’s case, exams,
differential diagnoses
(III) the reasoning
carried out and the
decisions made in
relation to it. (VIII) the
performance (V) their
actions, [. . . ] mistakes
and successes, (VI)

Context of reflection
processes in clinical
decision-making

in the process of clinical
reasoning (IV)

prior to decision making,
(VI) that occurs during
the clinical case (I) when
making a decision and
after making it (IV)
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Purpose of reflection
processes in clinical
decision-making

to reach a conclusion (I)
to think and guide us to
an etiology (III) to
analyze [. . . ] the
diagnostic variables and
to appraise the best
decision for the patient
(VII)

to be able to evaluate all
the information obtained.
(I) see which treatment is
appropriate for the
patient or if any
treatment is necessary.
(III) in order to reach the
most accurate diagnosis
and thus the appropriate
treatment (VII) It allows
to evaluate the actions
that were carried out and
what could be improved
(II) to be able to discern
if it could have been done
better in another way
(IV) to define if it is the
most appropriate
(management) according
to the patients and their
context. (VI) and
determine if it is helpful
or if a change in behavior
is required. (VI)

How do team-work and
communication affect
decision-making?

Relevance of team-work
and communication in
decision making

it’s a key factor (I) affects
in a positive way (VI) it
is essential to have good
communication in the
healthcare team (VIII)

it’s a key factor (I) very
important (III) affects in
a very positive way (VI)
Good teamwork is
essential within the
healthcare team. (VIII)
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Why is team-work and
communication
important in
decision-making?

because it allows us to
delegate tasks,] to have
different points of view
(II) Because it can lead
us towards a broader
differential diagnosis, it
can open us to [. . . ]
different points of view
different treatment
options (III) because we
can broaden the analysis
(VI) because we can [. . . ]
accept other points of
view (VI) Helps to see
the perspective of others
(IV) helps to [. . . ]
incorporate other ways of
reasoning to ours (IV)

make one feel more
supported (V) One
always need a team to
lean on (I) We always
need [. . . ] to support
each other (I) Allows us
to make decisions in a
more confident way. (II)
Allows to complement
each other (II) Because
they help to “get out
from your own
thoughts”” (III) Because
they help to [. . . ] listen
to others (III) The
discussion is enriched if
these (other’s
perspectives) are
integrated. (IV) Mainly
because we have a
tendency to lock in our
beliefs and knowledge,
letting out different
perspectives, that can be
better for the
patient.(VI)

Mechanism in which
team-work and
communication affect
decision-making

feedback of the team (V)
it must be a clear and
precise communication
(VII) it must be
confidence in the team
(VII) must know the
roles of each part of the
team. (VII)

Complement the ways of
thinking and take
dimensions that you
didn’t consider before
(V) It works as a
cognitive support for the
physician that makes the
diagnosis (VIII) A good
teamwork, in which
everyone contributes
according to their role
and experience and that
communicate with each
other appropriately and
also with patients (VII)
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Purpose of team-work
and communication in
decision-making

to handle all the
information correctly (I)
Helps to consider and
incorporate the
perspective of others and
other forms of reasoning
to ours (IV) To achieve
good performance. (V)
To make better decisions
for the patient (VII)
Benefit for its members
(healthcare team) and
patients (VIII)

The discussion is
enriched if these (other’s
opinions) are integrated
(IV) in order to make the
best decision for the
patient and reduces bias
and errors (II) It also
allows to learn from each
other’s reasoning process
(IV) It allows us to
identify mistakes that we
could not have realized
by ourselves, or confirm
that what you are doing
is appropriate. (VI) It
favors a more effective
and favorable
management for the
patient. (VI) it causes
fewer errors in the
process of making
decisions (VII) It will
make the process better
(VII) lightening the
burden of each member
(of the team) (VIII)

Context in which
team-work and
communication affect
decision-making

when dealing with a
patient (II) when making
decisions (VII)

for the patient (II, III,
VI) about the clinical
case (III) when we are
making a decision. (IV,
V, VII) at the time of an
intervention, (VIII)

12


