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Abstract: Diagnostic error is increasingly recognized as a 
major patient safety concern. Efforts to improve diagno-
sis have largely focused on safety and quality improve-
ment initiatives that patients, providers, and health care 
organizations can take to improve the diagnostic process 
and its outcomes. This educational policy brief presents 
an alternative strategy for improving diagnosis, centered 
on future healthcare providers, to improve the education 
and training of clinicians in every health care profes-
sion. The hypothesis is that we can improve diagnosis by 
improving education. A literature search was first con-
ducted to understand the relationship of education and 
training to diagnosis and diagnostic error in different 
health care professions. Based on the findings from this 
search we present the justification for focusing on edu-
cation and training, recommendations for specific con-
tent that should be incorporated to improve diagnosis, 

and recommendations on educational approaches that 
should be used. Using an iterative, consensus-based 
process, we then developed a driver diagram that catego-
rizes the key content into five areas. Learners should: 1) 
Acquire and effectively use a relevant knowledge base, 2) 
Optimize clinical reasoning to reduce cognitive error, 3) 
Understand system-related aspects of care, 4) Effectively 
engage patients and the diagnostic team, and 5) Acquire 
appropriate perspectives and attitudes about diagnosis. 
These domains echo recommendations in the National 
Academy of Medicine’s report Improving Diagnosis in 
Health Care. The National Academy report suggests that 
true interprofessional education and training, incorpo-
rating recent advances in understanding diagnostic error, 
and improving clinical reasoning and other aspects of 
education, can ultimately improve diagnosis by improv-
ing the knowledge, skills, and attitudes of all health care 
professionals.
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Introduction

A hypothesis: we can improve diagnosis by 
improving education

Establishing an accurate and timely diagnosis is the 
foundation of safe, effective patient care. The diagnostic 
process is complicated, nuanced, and uncertain. Clini-
cians require years of education, experience, and coaching 
to develop their diagnostic ability. Given the complexity 
of the task, it is remarkable how often the process suc-
ceeds. However, a substantial body of evidence suggests 
that healthcare professionals and systems could do better; 
diagnostic errors are a common and important problem 
that carry enormous costs – in both dollars and human 
suffering. Diagnostic error was defined by the National 
Academy of Medicine’s (NAM’s) seminal report Improv-
ing Diagnosis in Health Care as “the failure to provide an 
accurate and timely explanation of the patient’s health 
problem(s) or communicate that explanation to the 
patient”, and includes diagnoses that were wrong, missed 
entirely, or should have been made much earlier [1, 2]. 
According to best estimates, one person in 20 will expe-
rience a diagnostic error each year in ambulatory clinics 
[3, 4]. Diagnostic errors account for the largest fraction 
of malpractice claims in most specialties [5], and at least 
40,000–80,000  hospitalized patients die annually from 
diagnostic error in the United States [6]. The National 
Academy report concluded that “Each of us is likely to 
experience one or more diagnostic errors in our lifetime, 
sometimes with devastating consequences” [1].

The National Academy report outlines a broad range 
of interventions that could improve the safety of diagno-
sis. Most of these recommendations focus on the factors 
that influence the quality and safety of care in actual 
practice. For example, system-related aspects of care 
could be studied to improve the diagnostic process, such 
as more effective use of the electronic medical record and 
decision-support resources. Improving teamwork in diag-
nosis was cited as a particularly attractive approach to 
improve the process. Interventions to improve the cogni-
tive aspects of diagnosis include suggestions to ‘debias’ 
decision making, and improve the environment for diag-
nosis, for example, by providing more time for the patient 
encounter. In this educational policy brief we focus spe-
cifically on the report’s recommendation to shift focus to 
training the next generation of clinicians. The founda-
tional hypothesis is that diagnosis could be improved by 
improving the education of these future practitioners.

Every health care profession contributes to diag-
nosis and every health care professional will make 
or aid in the diagnosis of a patient in his or her career. 
Many health professionals have direct responsibility for 
diagnosis (medicine, advanced practice nursing, physi-
cian assistants, dentists, optometrists, podiatrists, and 
many others), and clinicians in other health care profes-
sions (nursing, pharmacy, social work service, physical 
therapy, and many others) participate by contributing to 
assessment and helping to recognize and avoid diagnos-
tic errors. Many professional schools include instruction 
on elements of the diagnostic process, focusing on things 
such as taking an accurate history, contributing to a com-
prehensive patient assessment, or clinical reasoning. 
Rarely, however, is this training explicit, comprehensive, 
or focused on preventing diagnostic error. Although com-
parable data is lacking from other schools, education on 
clinical reasoning in schools of medicine is inadequate; 
in a recent survey of clerkship directors, 84% reported 
that students entered clinical clerkships with poor, or at 
best fair, appreciation of key clinical reasoning concepts, 
and 57% acknowledged that there was no formal training 
on these topics in the preclinical years [7]. In schools of 
medicine, trainees learn the process of diagnosis implic-
itly through experience and apprenticeship. In schools of 
nursing and other health professions, instruction may be 
less idiosyncratic and may include classroom sessions, 
readings, and simulation exercises. As the paradigm shifts 
across all health professions towards a focus on defin-
ing, measuring, and ensuring the competence of trainees 
(competency-based education), there is a need to ensure 
that learners are able to demonstrate, high-quality, safe 
diagnostic practices and abilities appropriate for their 
profession [8–10].

For this report we conducted a literature search to 
clarify why education should be a priority in efforts to 
improve diagnosis, and how education can play this 
important role. First, results from the literature review 
provide the justification for developing a competency-
based, interprofessional curriculum to improve diagnosis. 
Second, the literature search identified new content that 
would be appropriately incorporated in education and 
training to produce these competencies in learners as well 
as specific educational approaches that could be used in 
delivering this content. We convened an interprofessional 
group of advisors to identify the most important content 
elements, and organized these into a driver diagram that 
groups these into five general areas, each with the poten-
tial to help reach the ultimate goal of improving diagnostic 
performance in practice and reducing diagnostic errors.
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We propose that the reforms we are advocating apply 
to all health professions. Some of this education and train-
ing will, by pragmatic necessity, occur within each pro-
fession’s own educational programs. However, the NAM 
report emphasizes the large gains that could be realized 
by improving interprofessional collaboration in diagno-
sis. The NAM report suggests that diagnostic quality would 
benefit by reconceptualizing the process as a team effort, 
not just the responsibility of a single clinician. Accord-
ingly, we believe that diagnostic error can be reduced by 
providing at least some, or perhaps most of the recom-
mended content in every health profession, and through 
joint education and training experiences, so that trainees 
can become skilled in diagnosis both individually and as 
members of diagnostic teams. If diagnoses are best made 
by teams, we advocate that the diagnostic process should 
be learned in teams.

Methods

Literature search

We conducted a 10-year survey (2007–2017) of the health 
professions literature to identify English language, full-
text publications focused on education or training to 
improve clinical reasoning or diagnosis. The general 
search strategy employed this logic: [(Education OR 
training OR residency) NOT (continuing education)] AND 
(diagnosis OR clinical reasoning OR interprofessional 
teamwork OR competencies) and the specific search 
strategies are presented in the Appendix (Supplementary 
Material). Databases searched (and abstracts retrieved) 
included Ovid-Medline (163 abstracts), Embase (2757 
abstracts), Academic Search Complete (864 abstracts), 
and SCOPUS (1583 abstracts). After removing duplicate 
listings, just over 3500 abstracts were reviewed; 481 were 
selected as being project relevant, and these were 
assigned to general topic areas: clinical reasoning (262), 
system-related issues (75), diagnostic error (106), inter-
professional issues (16), and assessment (83), with some 
abstracts being assigned to two areas. These abstracts 
described a wide range of topics, focused on different 
learners at different stages of their education and train-
ing, different educational approaches, and using variable 
research designs. Accordingly, no effort was made to sys-
tematically organize the findings other than to provide 
examples, synthesize findings when appropriate, and 
identify possible model programs.

Driver diagrams create a visual representation of 
the primary and secondary factors that are relevant 
to achieving a goal [11]. As a first step toward devel-
oping competencies to recommend, we created a 
driver diagram to identify factors in the educational 
process relevant to improving diagnosis in prac-
tice. An interprofessional consensus committee of  
32 individuals was recruited to help develop and refine 
this driver diagram. In addition to a patient representa-
tive and one medical student, represented professions 
included medicine (internal medicine, pediatrics, emer-
gency medicine), nursing, physician assistants, phar-
macy, laboratory medicine, and health professions 
educators. Professional boards and organizations repre-
sented included the Accreditation Council for Graduate 
Medical Education, the American Association of Colleges 
of Nursing, the Alliance for Academic Internal Medi-
cine, the American Association of Medical Colleges, the 
American Association of Nurse Practitioners, the Ameri-
can Board of Internal Medicine, the American Board of 
Medical Specialties, the American Board of Pediatrics, 
the American Medical Association Council on Gradu-
ate Medical Education, and the Association of American 
Medical Colleges. A five-member steering committee 
coordinated the involvement of the consensus group as 
well as the overall project flow.

The consensus committee was divided by self-selec-
tion into three groups (clinical reasoning, team-related 
topics, and system-related topics related to diagnostic 
error) with the assignment to identify primary and sec-
ondary drivers through which education could improve 
the quality and safety of diagnosis. Each group was pro-
vided access to the relevant abstracts retrieved by the lit-
erature search. Leaders were identified for each working 
group and, through a series of conference calls, the groups 
reviewed the relevant abstracts and combined the find-
ings of this literature base with their own experiences and 
viewpoints to inform preliminary driver development. The 
groups also developed draft competencies based on the 
drivers which are being used in later stages of the project. 
These preliminary driver suggestions were collected and 
used to create a draft driver diagram using a modified 
Delphi process [12], in which the diagram was presented 
and then serially refined through iterative cycles of group 
conference calls. Feedback obtained during these calls as 
well as that obtained asynchronously via email was incor-
porated anonymously between calls, leading to a revised 
driver diagram then presented on the next call. The final 
version was approved unanimously on the final telecon-
ference call of the consensus committee.
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Findings: justification for education 
reform
In reviewing the published literature on education topics 
relevant to diagnosis, the authors and consensus commit-
tee identified two major reasons why education reform to 
improve diagnosis is imperative:

1) Existing training programs may not provide 
 adequate education regarding diagnostic safety.

Most health professions education programs provide and 
require courses on the basic elements of the diagnostic 
process, and the specific medical knowledge and clinical 
skills necessary for developing diagnostic ability in that 
profession. Physician competency expectations both in 
the US [13] and Canada [14] emphasize the primary goal 
of skillful and comprehensive patient assessment to arrive 
at a diagnosis, and also now speak to the more contempo-
rary goals of working collaboratively with patients in the 
diagnostic process, acknowledging uncertainty, and the 
value of learning from errors to improve performance.

However, there is typically little or no content in 
health professions education today on cognitive psychol-
ogy, the impact of health care systems on the diagnostic 
process, or the mechanisms by which diagnostic errors 
arise and can be avoided. The actual competence of train-
ees in health professions education programs even with 
respect to performing elements of the diagnostic process 
that are explicitly addressed (such as history and physi-
cal examination), have also been drawn into question. An 
increasing number of publications are calling attention 
to the substandard performance on even basic elements 
of obtaining the history and performing the physical 

examination [15, 16]. Further, skills in clinical reasoning 
are suboptimal, even in schools of medicine [7].

2) There is a clear mandate to improve diagnostic 
safety training in health professions education.

Stark and Fins describe the need to include specific train-
ing on diagnostic error as an ethical imperative, given the 
aggregate harm from diagnostic error, the clear evidence 
how often cognitive shortcomings are involved, and the 
reality that current curricula do not provide effective train-
ing on how to optimize clinical decision-making. “Contin-
ued failure to address pervasive thinking errors in medical 
decision-making imperils patient safety and professional-
ism, as well as beneficence and non-maleficence, fairness 
and justice” [17].

Patient safety authorities have echoed this mandate 
for curricular reform. A major white paper from the Lucien 
Leape Institute called out the deficiencies in the educa-
tional process in regard to patient safety: “…substantive 
improvements in patient safety will be difficult to achieve 
without major medical education reform at the medical 
school and residency training program levels. Specifi-
cally, schools of medicine are not doing an adequate job 
of facilitating student understanding of basic knowledge 
and the development of skills required for the provision 
of safe patient care, to wit: systems thinking, problem 
analysis, application of human factors science, communi-
cation skills, patient-centered care, interprofessional col-
laborative practice and skills, and dealing with feelings 
of doubt, fear, and uncertainty with respect to medical 
errors” [18]. Although training on clinical reasoning and 
the elements of diagnosis are standard components of 
training for nurses, physician assistants, and many other 
health professions, it is probably reasonable to assume 

Recommendation 2a: Educators should ensure that curricula and training programs across the career
trajectory:  

Address performance in the diagnostic process, including areas such as clinical reasoning, teamwork, communication
with patients, their families, and other health care professionals, appropriate use of diagnostic tests and the
application of these results on subsequent decision making, and use of health IT.     

–

– Employ educational approaches that are aligned with evidence from the learning sciences.

Recommendation 2b: Health care professional certification and accreditation organizations should
ensure that health care professionals have and maintain the competencies needed for effective
performance in the diagnostic process, including the areas listed above    

National Academy of Medicine.  Improving Diagnosis in Health Care.  Published 2015, National Academies Press

Figure 1: National Academy of Medicine GOAL #2: enhance health care professional education and training in the diagnostic process.
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that these more advanced competencies we are propos-
ing are shortchanged or absent from those education and 
training programs, just as they are deficient in schools 
and training programs of medicine.

The National Academy of Medicine’s Improving 
Diagnosis in Health Care explicitly called for enhanced 
education and training related to diagnosis, identifying 
clear gaps and shortcomings, and many opportunities 
to improve diagnostic performance. A major recommen-
dation of the report was to “Enhance health care profes-
sional education and training in the diagnostic process” 
(Figure 1) [1]. The Millennium Conference 2011  similarly 
emphasized the importance of incorporating specific 
training on clinical reasoning and critical thinking into 
the curriculum of health professionals [19].

Findings: curriculum content and 
delivery approaches

The literature search identified important advances 
that have been made in understanding patient safety in 
general, and diagnostic safety specifically, that merit 
incorporation in teaching and training programs. The 
search also identified specific suggestions on how this 

content should be delivered to optimize learning and the 
successful attainment of relevant competencies. The con-
sensus group identified five primary drivers and multiple 
relevant secondary drivers through which education and 
training could ultimately improve diagnosis (Figure 2). 
Learners should demonstrate the ability to … :
1. Acquire and effectively use a relevant knowledge 

base
2. Optimize clinical reasoning to reduce cognitive error
3. Understand system-related aspects of care
4. Effectively engage patients and members of the diag-

nostic team
5. Acquire appropriate perspectives and attitudes 

(acknowledging complexity and uncertainty, incor-
porating the patient’s values, understanding patient 
safety and diagnostic error concepts, etc.)

1) Acquire and effectively use a relevant 
knowledge base

There is universal agreement that the most important deter-
minant of effective and safe diagnosis is a comprehensive 
base of medical knowledge, including content from both 
the basic sciences (anatomy, physiology, etc.) and clinical 
sciences (pathophysiology, organ system diseases) that 

– Acquire enough medical knowledge to skillfully construct an appropriate differential diagnosis
– Acquire a working knowledge of biostatistics and epidemiology
– Acquire a working knowledge related to diagnostic testing: Radiology and laboratory medicine

– Improve rationality
– Recognize and avoid cognitive and affective bias
– Know the conditions under which clinical decision making is likely to be 

compromised
– Emphasize must-not-miss diagnoses

– Improve learning through feedback and performance monitoring
– Improve communication; Be especially careful at handoffs
– Use second opinions and consultation
– Leverage health care informatics in the diagnostic process; take advantage of 

decision-support resources

– Include the patient in co-producing and monitoring the diagnosis
– Engage nursing staff as members of the core diagnostic team
– Communicate directly with radiology and laboratory medicine professionals
– Honor the patient’s values and preferences

Acquire
and effectively
use a relevant

knowledge
base

Optimize
clinical reasoning

to reduce
cognitive error

Primary Drivers Secondary Drivers

The importance of human
factors should be

emphasized throughout

The ultimate test is skillful
differential diagnosis

Diagnosis will require
skillful use of informatics

Well-functioning teams
will outperform the

individual

Education should
incorporate the latest

advances in the cognitive
and learning sciences

Education and training
should be

Interprofessional   

Change
ideas 

AIM
Improve

diagnostic
performance to
improve safety

and reduce
diagnostic errors

Understand
system-related
aspects of care

Effectively
engage patients

and the
diagnostic

team

– Understand fallibility, and uncertain ty and the limits of cognition
– Not every problem needs a diagnosis now
– Labelling stops thinking
– Appreciate the possibility of diagnostic error in your own diagnoses and diagnoses made by others

Acquire
appropriate

perspectives and
attitudes

Figure 2: A ‘driver diagram’ illustrating how education could improve diagnostic performance.  
Five primary drivers are indicated by the circles, and secondary drivers in the accompanying lists.
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forms the core of education for physicians, nurses, phy-
sician assistants, and other health professionals [20–23]. 
The ability to construct an appropriately prioritized differ-
ential diagnosis is considered the most essential element 
of diagnostic competency [24], and this skill derives from 
mastering the content relevant to the conditions being con-
sidered. Obviously, knowledge is necessary but not alone 
sufficient: successful diagnosis also requires appropriate 
use of laboratory and imaging data, integration of epide-
miology data, and a host of other elements and skills.

Incorporating recent advances in understanding how 
to improve uptake of medical knowledge content would 
be a meaningful and likely effective way to improve diag-
nosis in its own right, and would complement the new 
curri cular elements dealing specifically with improving 
diagnostic quality and safety [25]. Schools are already 
using some of these novel approaches, including test-
enhanced learning, interleaving, spaced education, and 
deliberate practice in realistic simulations. Cognitive load 
theory may have specific value in learning diagnosis, 
given the complexity of the diagnostic process [26]. Cogni-
tive load theory stresses that task training in the individual 
components of diagnosis (e.g. history-taking, differential 
diagnosis) is not enough to learn the whole task of diag-
nosis, as the interaction and concurrence of these compo-
nents is a source of much difficulty. Thus, this complex 
process can only be effectively learned with whole task 
training. Thus, for team-based diagnosis, simulation with 
a typical team of health professionals involved in a given 
diagnostic context will be important.

The realization that diagnosis is context-specific 
and highly dependent on the typicality (or lack thereof) 
of the presenting features suggests that learning can be 
optimized by starting with prototypical cases to develop 
skills in describing the case (problem representation), 
and an ‘illness script’ for that condition [22, 27, 28]. Exper-
tise then develops by introducing variants and atypical 
presentations progressively, perhaps aided by simula-
tion, ideally in a learner-centered, progressively adapted 
approach [29–31].

2) Optimize clinical reasoning to reduce 
cognitive error

Substantial progress has been made over the past several 
decades in better describing the cognitive psychology of 
clinical reasoning and diagnostic performance [32, 33]. 
Further, studies of the causes of diagnostic error reliably 
point to breakdowns in the diagnostic process that relate 
to suboptimal clinical reasoning. In parallel, an emerging 

body of education research offers the potential to improve 
the way ‘diagnosis’ and clinical reasoning can and should 
be taught [23, 27, 34–39]. A sufficient body of knowledge 
now exists to define competence in clinical reasoning and 
diagnosis, delineate assessment practices, and develop 
educational programs through which learners may attain 
these competencies during health professions education.

The importance of clinical decision making has been 
underscored by healthcare leaders since the time of 
Flexner. “Decision making is implicit or explicit in every 
clinical activity encountered during undergraduate or 
graduate medical education because it is a fundamental to 
medical practice itself” [40]. Redelmeier has argued that 
cognitive psychology should be taught alongside the basic 
sciences, because it addresses the problem that humans 
tend to make mistakes in solving complex problems, and 
that these mistakes are both predictable and understand-
able [41]. According to Redelmeier and colleagues, teach-
ing principles of cognitive psychology would accomplish 
four things:
1. It would sensitize future clinicians to the predictable 

pitfalls of judgment and decision making;
2. It would provide a ‘language and a logic’ for discuss-

ing diagnostic quality and safety;
3. It would encourage the kind of reflective practice that 

has been advocated as an effective antidote for diag-
nostic errors [42]; and

4. It would introduce the concept of metacognition, 
an implicit skill required to recognize one’s own 
limitations, the need for including team members 
and consultants in the diagnostic process, and the 
importance of lifelong learning to improve diagnostic 
performance.

The complexity and ambiguity involved in the diagnostic 
process makes it necessary that we study and understand 
factors underlying and enabling differential diagnosis. 
Much of the understanding about how humans perform 
differential diagnosis and other ill-defined categorization 
tasks has been organized within a theoretical framework 
referred to as the “dual processing” paradigm. Dual pro-
cessing suggests that two distinctly different cognitive 
systems drive the performance of categorization tasks. 
The first is a rapid, intuitive process based on pattern rec-
ognition (System 1). The second is a slower, analytically-
driven system (System 2). The dual processing paradigm 
is increasingly accepted as a helpful way to understand 
not only clinical decision making, but human decision 
making in general [32, 43]. Both non-analytic and analytic 
decision-making processes play a role in diagnosis, and 
health professions education programs must emphasize 
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that the attainment of expertise in clinical reasoning 
invariably involves the use of both processes [43].

The intuitive, System 1 pathway is prone to the effects 
of cognitive bias, and there is a consensus that cognitive 
biases and shortcomings play a significant role in cogni-
tive errors [44]. Debiasing in practice centers on the use 
of reflection (System 2) to monitor the intuitive (System 1) 
thinking, and reflection is one of the most promising 
strategies to improve diagnostic performance in health 
professions education [42, 45]. Although several early 
experiments were unable to demonstrate an impact of 
reflection to improve diagnosis [46], there are also suc-
cessful demonstrations [45, 47, 48]. A recent systematic 
review of both cognitive and technologial interventions 
to improve diagnostic decision-making concluded that 
on balance debiasing was effective [49], but it seems 
likely that a great deal of experimental work lies ahead to 
understand what distinguishes successful from ineffec-
tive interventions. Over 40 separate mitigation strategies 
have been described by this point, many already in use 
in every-day life and other professions [50]. An important 
point is that even if de-biasing is unsuccessful in prevent-
ing cognitive errors, learning the most common cognitive 
tendencies that underlie diagnostic error may allow one 
to recognize faulty decision-making and avoid harm [51].

Understanding that diagnosis always takes place in a 
given context, it is fundamental for health care profession-
als to understand how contextual and ‘human factors’ 
elements impact diagnostic quality [52–54]. Trainees 
would also benefit from learning how expertise develops, 
in particular the critical role of feedback and self-moni-
toring [55–57]. The tenets of deliberate, reflective practice 
have only recently been discussed in health professions 
education, including goal-setting, authentic practice 
experiences with coached feedback, and a commitment 
to improvement over the long term. Given the demonstra-
tion of the effectiveness of deliberate practice in attaining 
expertise in most other studied fields of human perfor-
mance, this requires further study and implementation 
in health professions education [58]. Similarly, exercises 
to develop skill in rationality and critical thinking may be 
beneficial [59, 60]. Lastly, given the variation and ambigu-
ity that exist daily in every clinical encounter, it is impor-
tant that health professions education programs explicitly 
address uncertainty and humility.

Our consensus committee also emphasized the need 
for educators to have access to high-quality assessment 
tools with validity and reliability evidence to determine 
learner competence with respect to diagnostic perfor-
mance. Assessment is important not only for making 
summative determinations about learner competence 

(entrustability decisions) but also enables students to 
improve by helping them to identify knowledge and 
performance gaps (assessment for learning). Health 
professions education has long relied on high-stakes 
assessments of medical knowledge (e.g. board examina-
tions and other multiple choice tests). Such assessments 
are likely necessary to gauge acquisition and accessibil-
ity of basic medical knowledge and its organization, but 
given the context-specific and context-dependent nature 
of diagnosis and diagnostic performance, it is increas-
ingly clear that the medical education community must 
identify valid and reliable means of workplace-based 
assessment of diagnostic performance [61, 62], and repeat 
these over time. Effective strategies will likely include a 
combination of workplace-based assessments (e.g. end-
of-rotation global assessments, direct observation) and 
non-workplace-based assessments, including multiple-
choice question examinations, simulation [including 
Objective Structured Clinical Examinations (OSCEs), and 
virtual cases]. In addition to assessment of individual 
performance, it is also clear that there must be reliable 
and valid means of measuring team performance (Team-
OSCEs) with respect to diagnosis; there are many exist-
ing assessments of team-based decision-making in other 
domains [63], but no published assessment tools focus on 
the performance of diagnosis teams.

3) Understand system-related aspects of care

Education and training on patient safety topics generally 
could also be improved. A systematic review published 
in 2010 identified 41 published reports of patient safety 
curricula in the US, but only 16 (39%) included content 
on systems thinking, only three (7%) included content 
on human factors, and none reported content specifi-
cally on diagnostic error generally or cognitive error 
more specifically [64]. Another recent review concluded 
that the safety curricula that have been studied generally 
have not provided appropriate course evaluation, and 
have not focused on topics relevant to diagnostic quality 
[65]. The NAM report, and others [66, 67], have empha-
sized the importance of understanding the diagnostic 
process from a human factors perspective, and how the 
success or failure of the process is determined by the 
relationships between the individual, the task, and the 
environment.

System-related breakdowns can be identified in the 
majority of diagnostic errors [2], and interventions to 
address system-related errors have been collected and 
summarized [68]. Communication breakdowns are the 
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most commonly-identified contributing factor, and efforts 
to improve communication (e.g. handoffs used at transi-
tions of care) are important early targets to improve diag-
nosis. Ensuring communication of test results is another 
area ripe for improvement, including tests pending at dis-
charge, and trainees should be sensitized to the likelihood 
of breakdowns in these areas. Trainees should also have 
the opportunity to learn about and use ‘system’ resources 
that could help improve diagnostic accuracy, including 
appropriate consultation from subspecialists, obtaining 
second opinions [69], and using health informatics tools 
such as differential diagnosis generators [70]. Finally, 
trainees would benefit from training in learning health 
systems, where they are exposed to incident reporting, 
root cause analysis of cases of diagnostic error or success, 
‘morbidity and mortality’ case discussions, and reviews of 
diagnostic performance data.

4) Effectively engage patients and members 
of the diagnostic team

Many health professional schools have developed and/
or expanded their interprofessional educational experi-
ences, recognizing the importance of teamwork in high-
quality patient care. With regard to clinical reasoning 
specifically, the first recommendation in the NAM report 
on Improving Diagnosis in Healthcare likewise focused on 
the diagnostic process as a team-based activity, replacing 
the physician-centric paradigm. The concept that team 
training can improve safety was pioneered in aviation, and 
the same benefit has been replicated in healthcare (e.g. in 
surgical settings) [71]. The TeamSTEPPS model, based on 
the crew resource management training provided in avia-
tion, has been implemented in thousands of hospitals in 
the United States, particularly in environments where the 
team composition is stable, such as the operating room 
or emergency departments [72–74]. Creating effective diag-
nostic teams, however, is novel [75–77]. It is appropriate 
to study and understand diagnosis as an example of dis-
tributed cognition [78], where all of the stakeholders play 
a different but ultimately coordinated role in diagnosis. 
The new diagnostic team envisions more direct involve-
ment in the diagnostic process by the patient [79], family, 
nurses, pharmacists, and every other health professional 
who touches the patient. There is accumulating evidence 
that engaged patients have better health outcomes, and 
their activation to partner in ‘co-producing’ diagnoses 
could help ensure that patients and the clinical staff share 
the same mental model of the diagnostic process and the 
uncertainty therein.

With breakdowns in communication and care coordi-
nation leading the list of system-related diagnostic errors 
[80], improving the extent of interprofessional collabora-
tion can be especially impactful in improving diagnostic 
outcomes [81].

To be most effective, team training should not just be 
a topic in the education program of every health profes-
sion’s individual silo. Education and training should be 
provided to groups of trainees from different professions, 
and should provide authentic experiences for trainees to 
undertake diagnostic exercises jointly.

5) Acquire appropriate perspectives and 
attitudes (acknowledging complexity and 
uncertainty, incorporating the patient’s 
values, understanding patient safety and 
diagnostic error concepts, etc.)

The past decades have produced abundant knowledge on 
the incidence, etiology, and possible prevention of diag-
nostic errors, summarized in the NAM report on Improv-
ing Diagnosis in Health Care [1]. Although this remains 
an unproven assumption, it is reasonable to propose that 
learners who are aware of how diagnostic errors arise as 
well as error prevention strategies will be better equipped 
to employ this knowledge in practice, and achieve higher 
levels of diagnostic performance.

Students (and their teachers) would do well to appre-
ciate how diagnosis plays out over time, and the impor-
tance of being able to triage which diagnoses need to be 
made immediately, or can safely wait. Similarly, trainees 
need to learn that diagnosis is not always beneficial; label-
ling tends to discourage further thinking about a case, 
and can in fact be dangerous, especially if the label is 
wrong. Further, there is very real harm resulting from over-
diagnosis, where assigning a diagnosis is unlikely to effect 
a difference (or lead to harm) in a patient’s life [82–84].

Students must appreciate that uncertainty is an ever-
present factor in the diagnostic process [85, 86], and the 
reality that this process is inherently error-prone. Diag-
nostic errors are inevitable; the challenge then is to mini-
mize their likelihood and their impact.

Conclusions
The current paradigm for teaching diagnostic reasoning in 
medical education is based on recommendations dating 
from the Flexner report that trainees should acquire 
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an extensive baseline body of medical knowledge and 
then try to apply this by emulating their teachers. While 
other health professions have adopted more prospec-
tive, intentional approaches, there remains substantial 
room for improvement. Trainees learn the basic steps of 
the diagnostic process and can arrive at a diagnosis but 
may have little or no appreciation for the underlying cog-
nitive psychology, or on the many ways that the process 
can be degraded in the actual contexts of providing care. 
The explosion of cognitive psychology literature over the 
40 years has led to a revolution in the way that we think 
about problem solving and decision making but health 
professions programs have been slow to incorporate this 
knowledge into their curricula.

Although the apprenticeship model has been the norm 
in physician education for over a century, we propose that 
the reliability and safety of diagnosis can be improved by 
incorporating more specific training on topics relevant to 
the diagnostic process and diagnostic error. The growing 
complexity of diagnosis itself (over 8000 diseases are now 
catalogued by the National Library of Medicine’s MESH 
system, and new entities are added every year) and our 
healthcare organizations, along with growing pressures 
on productivity and performance are all factors that speak 
to the need for updating our educational programs.

Competency requires a trainee to acquire and dem-
onstrate the requisite knowledge, skills, and attitudes for 
the task at hand. This project, using a consensus-driven 
process, identified five key ‘drivers’ through which educa-
tion could improve diagnostic performance. We believe 
that every school and program responsible for the training 
of healthcare professionals should consider which of these 
competencies are relevant and essential for their trainees. 
For medicine, nursing, physician assistant trainees, and 
for professions where diagnosis is a primary responsibility 
(e.g. podiatry, optometry, dentistry, etc.), all of the compe-
tencies will be relevant and appropriate. Even in profes-
sions where diagnosis is not a primary responsibility (e.g. 
social work services, etc.), some of the competencies will 
be relevant, for example by emphasizing the importance of 
communication and coordination amongst all the health-
care professionals a patient will encounter. All health 
professionals should be trained to identify breakdowns in 
communication and/or understanding between patients 
and their care team, and bring these to attention.

Pioneering efforts are already emerging at selected 
schools to incorporate the educational reforms we are 
advocating [57, 87]. Many medical residency programs 
have long-standing curriculum about diagnosis and diag-
nostic error, and selected medical schools have recently 
developed and refined courses in diagnosis and clinical 

reasoning. Schools that are contemplating how to incor-
porate these new concepts may be able to derive guidance 
from these early endeavors. Further, many other health 
professions programs have robust simulation curricula 
focused on teamwork and communication. A major unmet 
need for all programs is a clear delineation of the specific 
competencies required in each of the cardinal dimen-
sions of the driver diagram, as well as assessment tools to 
measure progress towards attaining competence.

The focus of this project was on undergraduate and 
postgraduate health professions training and the next 
generations of clinical providers. It is likely, however, that 
continuing education programs directed at health profes-
sionals already in practice could also produce improve-
ments in diagnostic quality and safety.

In summary, addressing diagnostic error in practice 
is an urgent concern. A promising avenue for improving 
the diagnostic process is ensuring that the next genera-
tion of healthcare professionals are equipped with a more 
appropriate set of knowledge, skills, attitudes that focus 
on diagnostic quality and safety in the modern, team-
based setting.
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