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ABSTRACT

Diagnostic decision-making in complex and uncertain clinical settings
relies heavily on diagnostic thinking as a core component of clinical
reasoning. As healthcare complexity increases, understanding how
physicians and medical students reason is essential for ensuring
patient safety and quality of care. This review explores the evolution
of diagnostic models from early hypothetico-deductive frameworks
to contemporary knowledge-based and dual-process perspectives. A
narrative synthesis was conducted by drawing on the literature from
major biomedical and educational databases, including PubMed, Web
of Science, and Scopus. The review focused on conceptual and empirical
discussions regarding cognitive processes, diagnostic errors, and error-
reduction strategies in clinical practice. Diagnostic errors, which often
arise from incomplete data collection or misinterpretation of findings,
significantly contribute to patient harm and increased healthcare costs.
Notably, interpretation errors are resistant to improvement through
clinical experience alone, emphasizing the role of cognitive biases and
underdeveloped mental representations (illness scripts). Contextual
factors, such as time pressure and physician density, further influence
diagnostic accuracy. Reducing diagnostic errors requires targeted
educational efforts to enhance pattern recognition, metacognitive
awareness, and the systematic use of debiasing strategies. Integrating
artificial intelligence as a supportive tool and adopting constructive
terminology, such as “missed diagnostic opportunities,” may foster a
more reflective and safe diagnostic environment.

0z

Karmasik ve belirsizlik iceren klinik ortamlarda tanisal karar verme
stregleri, klinik akil yiritmenin temel bilesenlerinden biri olan tanisal
distinmeye buylk 6lgiide dayanmaktadir. Saglik hizmetlerinin giderek
daha karmasik hale gelmesiyle birlikte, hekimlerin ve tip 6grencilerinin
nasil akil yUrattiklerinin anlasiimasi, hasta guvenliginin ve bakim
kalitesinin saglanmasi agisindan kritik 6nem tagimaktadir. Bu derleme,
tanisal modellere iliskin yaklagimlarin erken donem varsayimsal-
tiimdengelimli (hipotetiko-dedktif) cercevelerden, giinimizde 6ne
ctkan bilgi temelli ve ikili stire¢ (dual-process) perspektiflerine uzanan
gelisimini incelemektedir. Bu ¢alisma, PubMed, Web of Science ve
Scopus basta olmak lGizere temel biyomedikal ve egitim veri tabanlarinda
yer alan literatlire dayali olarak gergeklestirilen anlatisal bir sentez
niteligindedir. Derleme kapsaminda, klinik uygulamada bilissel stregler,
tani hatalari ve hata azaltma stratejilerine iliskin kavramsal ve ampirik
tartismalara odaklaniimistir. Cogu zaman eksik veri toplama ya da
bulgularin yanlis yorumlanmasindan kaynaklanan tani hatalari, hasta
zararina ve saglik hizmeti maliyetlerinin artmasina 6nemli 6lglide
katkida bulunmaktadir. Ozellikle yorumlama hatalarinin, yalnizca klinik
deneyim yoluyla iyilestirilmesinin zor oldugu goérilmektedir. Bu durum,
biligsel yanhliklarin ve yeterince gelismemis zihinsel temsillerin (hastalik
semalari/iliness scripts) tanisal sireglerdeki rolint vurgulamaktadir.
Ayrica zaman baskisi ve hekim yogunlugu gibi baglamsal faktorlerin de
tanisal dogrulugu etkiledigi belirlenmistir. Tani hatalarinin azaltiimasi;
orlinti tanima becerilerinin  gelistirilmesi, Gstbilisgsel farkindaligin
artirlmasi ve yanlilik azaltma (debiasing) stratejilerinin sistematik
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bicimde kullaniimasi gibi hedefe yonelik egitimsel yaklagimlari
gerektirmektedir. Ayrica, yapay zekdnin destekleyici bir arag¢ olarak
entegrasyonu ve “tani firsatinin  kagirilmasi” (missed diagnostic
opportunities) gibi daha yapici terminolojilerin benimsenmesi, daha
yansitici ve givenli bir tani ortaminin olusmasina katki saglayabilir.

Anahtar Soézciikler: Tanisal disiinme, klinik akil yuritme, tanisal hata,
biligsel hatalar, metabilis

INTRODUCTION

The decision-making process in healthcare often involves complex
situations characterized by uncertainty and time pressure. Although
treatment-related decisions can also be complex, clinicians typically
face the highest degree of uncertainty during the diagnostic phase
(1). The diagnostic process encompasses a range of cognitive skills,
such as analytical thinking, non-analytical pattern recognition,
metacognitive monitoring, and the use of knowledge structures.
In this respect, diagnostic thinking is positioned as an integral
component of clinical reasoning (2). In recent years, the thought
processes of physicians and medical students have become a subject
of interest. The development of these processes will enable more
accurate and efficient healthcare. To understand and foster the
development of diagnostic thinking, it is necessary to examine the
cognitive processes of physicians and medical students.

Research on medical thinking processes began in the 1980s. One of
the earliest approaches in this field was the hypothetico-deductive
diagnostic model developed by Elstein et al. (3). Subsequent research
moved toward knowledge-based models, focusing on how medical
information is structured and retrieved from memory (4-8). The
hypothetico-deductive model is an iterative process comprising the
stages of cue acquisition, hypothesis generation, data interpretation,
and hypothesis testing (3). In contrast, the knowledge-based model
focuses on how medical knowledge is organized in memory and
how it is accessed; its core components include the recognition of
meaningful information, the structuring of clinical knowledge, and
the access to stored knowledge frameworks (9).

In summary, as cognitive psychology has advanced, various strategies
have been employed to conceptualize medical thinking processes.
These processes have been examined in terms of the ways the
mind operates, the retrieval of knowledge, pattern recognition,
and metacognition. This narrative review aims to synthesize the
current understanding of diagnostic thinking processes, examine the
cognitive origins of diagnostic errors, and discuss evidence-based
strategies to mitigate such errors in clinical practice.

Diagnostic Thinking

Diagnostic thinking is regarded as one of the most critical cognitive
skills of physicians, and the enhancement of this process constitutes
a primary objective in improving patient safety. Contemporary
frameworks for understanding the diagnostic process often employ
Dual Process Theory, which categorizes clinical reasoning into two
cognitive modes: intuitive (System 1) and analytical (System 2)
reasoning. While earlier models focused on hypothetico-deductive
methods, this dual-process perspective provides a robust lens

for examining how clinicians balance heuristic-based speed with
deliberate logic (2). The intuitive approach relies largely on the
clinician’s experience and is characterized by inductive reasoning.
Experienced physicians often recognize patient information within
general patterns (gestalt) and make rapid, largely unconscious
decisions. These decisions are frequently made under conditions of
time pressure, incomplete information, and uncertainty. In intuitive
processes, mental shortcuts such as “thin slicing”, which rely on
instinctive first impressions, are commonly employed. However,
these rapid decisions have limitations, as they are often made
without access to the full range of data.

In contrast, analytical reasoning is grounded in a more systematic
and logical process. When decision-makers have access to more
information and resources, they follow a deliberate, step-by-
step process to reduce uncertainty. This approach is more closely
aligned with normative reasoning and rationality. Most robust
clinical decisions are made under conditions in which analytical
processes are active. In recent years, these two approaches have
been conceptualized within the psychology literature as dual-
process theory. System 1 produces rapid, automatic, and context-
sensitive decisions, whereas System 2 is engaged in situations
requiring slower, deliberate, and logical analysis. Physicians often
draw on both systems simultaneously when making diagnoses.
Clinical decisions are influenced not only by patient data but also
by contextual factors such as environmental conditions, workload,
resource limitations, and prior experiences (2,10).

Croskerry (2) argues that System 1 and System 2 are not entirely
independent structures but operate along a cognitive continuum,
allowing transitions between them. These transitions can influence
the accuracy and efficiency of decisions. When conflict arises
between the two systems, activating System 2 to review and
challenge a System 1 intuitive judgment may provide a safer approach
for the patient. Royce et al. (11) note that System 1 relies on pattern
recognition and heuristic shortcuts for rapid decision-making,
whereas System 2 is more likely to be engaged in the presence
of unfamiliar problems or contradictory evidence, operating in a
slower and more analytical manner. Dual-process theory suggests
that these two systems interact dynamically. While System 1 often
generates rapid, intuitive responses, System 2 can be engaged to
critically analyze the situation, monitor the outputs of System 1, or
take over the reasoning process when high levels of complexity or
novelty are encountered (2,12) Norman and Eva (13) contend that
when experts deliberately become more analytical, their likelihood
of making errors can increase. Their research indicates that training
aimed at reducing cognitive biases is often ineffective due to limited
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transferability, whereas interventions supporting both intuitive and
analytical reasoning can yield small but consistent improvements in
accuracy.

Coughlan et al. (14) argue that improving medical decision-making
requires physicians to recognize their own thinking patterns and to
learn strategies for avoiding cognitive errors. They emphasize that
such training should incorporate metacognitive awareness and
epistemological understanding. Metacognition involves monitoring
andregulatingone’s own thought processes and consciously engaging
in problem-solving, particularly via System 2. Reflection within this
process enables decisions to be evaluated more analytically (11).

According to foundational cognitive models, the diagnostic process
is structured around several key elements: accurate data collection
(gathering high-quality information during history-taking and physical
examination), identification of meaningful information (selecting
relevant cues), information integration (combining disparate data
within a clinical context), and interpretation (evaluating findings
against diagnostic hypotheses) (15). Emphasizing the content-specific
nature of diagnosis highlights the context sensitivity of diagnostic
thinking: recognizing the role of content in identifying errors increases
the need for probabilistic or hypothetical reasoning. This aspect
parallels the processes of trial-and-error and probabilistic hypothesis
generation seen in physiotherapy (16). While these thinking
strategies are well-represented in the literature, they warrant further
discussion. In particular, the integration of metacognitive concepts
into diagnostic thinking processes may enhance awareness among
physicians and medical students. Thinking errors arising from these
processes are addressed in the subsequent section of this study.

Diagnostic Thinking Errors

Diagnosis plays a central role in patient care, providing meaning to
the disease and shaping treatment decisions. The term diagnostic
error is used as an umbrella concept, describing a broad spectrum of
unintentional errors, including delays in diagnosis, misdiagnoses, and
missed diagnoses. However, the terminology used in this field varies
considerably among authors (1). Diagnostic errors most often arise
from insufficient knowledge, inaccurate data collection, and flawed
integration or interpretation of data. While clinical experience can
mitigate knowledge gaps and reduce data collection errors, errors
in data interpretation do not improve to the same extent. These
findings (17,19) suggest that interpretive skill is related not only to
the breadth of knowledge but also to the quality of clinical reasoning
Moreover, experience alone does not guarantee expertise, as the
ability to recognize key clinical features does not necessarily prevent
faulty inferences (17).

Research indicates that the majority of diagnostic errors occur
during physician—patient encounters, particularly in core stages such
as history-taking, physical examination, selection of diagnostic tests,
and interpretation of test results. This underscores the multifaceted
nature of errors in the diagnostic process. Clinical competence
requires the integrated development of effective communication,
examination skills, data analysis and synthesis, and reasoning
abilities. Nonetheless, even the most experienced physicians
occasionally commit diagnostic errors (1).

Although diagnostic errors are difficult to measure, studies have
demonstrated their association with suboptimal patient outcomes,

clinician stress, and unnecessary healthcare costs (1). Errors in
diagnosis are most often linked to clinical reasoning and generally
result from inadequate knowledge, poor data collection, or errors
in data integration and interpretation. While knowledge deficits
and data collection errors may diminish with clinical experience,
interpretive errors tend not to improve proportionally. This suggests
that diagnostic reasoning is related not only to the amount of
knowledge but also to the way in which information is processed.
Interpretation skills, in particular, are considered competencies
independent of experience (17). For this reason, it is important to
approach diagnostic thinking as a holistic process and to remain
aware of the principles of psychological functioning; otherwise,
incorrect decisions, misdiagnoses, and diminished quality of care
are likely to occur (20).

For example, according to the comprehensive analysis by Berner and
Graber (21), error rates are very low (less than 5%) in “perceptual”
specialties such as radiology and pathology, whereas in high-intensity
settings such as emergency departments, the rate rises to 10-15%.
In the United States, diagnostic errors are estimated to contribute
to approximately 40,000—80,000 hospital deaths annually, with the
combined number of deaths and disabilities related to these errors
ranging from 80,000 to 160,000 (22). The actual figures may be
even higher While the most serious errors often occur in emergency
departments, the overall burden is largely borne by primary care.
Certain groups—such as women, ethnic minorities, and younger
patients—are at greater risk of diagnostic errors (1). Therefore,
these high-risk populations and contexts should be prioritized in
both error-reduction strategies and clinical education.

Diagnostic errors can arise not only from individual cognitive
processes but also from systemic failures. Examples of process
errors include overlooking vital signs, failing to order necessary
tests, or delaying communication of laboratory results (23). In
addition, mislabeling of symptoms with an incorrect diagnosis
(e.g., interpreting pyelonephritis as musculoskeletal pain) or the
absence of any diagnosis are examples of diagnostic labeling
errors (24) Process and labeling errors can occur independently or
together, and pose threats to patient safety. Overuse of diagnostic
labels and overdiagnosis are also considered diagnostic errors. For
example, in musculoskeletal disorders, pathoanatomic diagnoses
are frequently overused, leading to increased imaging, surgical
referrals, overtreatment, and patient dissatisfaction (25). Numerous
studies have demonstrated that the results of diagnostic tests are
not necessarily associated with patient outcomes (26,29).

How Can Diagnostic Errors Be Reduced?

The most fundamental way to prevent diagnostic errorsis to increase
awareness of one’s own thinking processes. This requires individuals
to critically examine their own mental functioning and develop
metacognitive awareness—the ability to “think about thinking.”
In diagnostic decision-making, it is particularly important to avoid
becoming overly anchored to the initial diagnostic hypothesis.
Clinicians should be aware that first impressions can be misleading
and that premature closure may lead to diagnostic errors. Therefore,
the validity of the initial hypothesis should be continuously
guestioned, and alternative diagnoses should be actively considered.
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Adopting a systematic approach to diagnostic reasoning also
contributes to error reduction. Strategies such as hypothetical—
deductive reasoning and pattern recognition can support the
structured operation of cognitive processes; however, these
strategies should be applied flexibly, tailored to the specific context
and patient. At this point, cognitive flexibility emerges as a critical
skill that enhances diagnostic accuracy. The ability to recognize both
automatic and analytical reasoning processes—and consciously
transition between them—helps mitigate diagnostic biases.

To reduce the influence of cognitive biases in clinical decision-
making, individuals should base their decisions not only on their
own knowledge and intuition, but also on objective data, diagnostic
test results, and established clinical guidelines. In particular, accurate
interpretation of diagnostic test sensitivity, specificity, and predictive
values helps avoid false-positive or false-negative conclusions.
It has also been noted that patients with the same diagnosis may
present with different phenotypic subgroups—a process known as
phenotyping (26,30). Variables such as pain sensitivity, psychological
status, body mass index, and muscle strength can influence patient
outcomes. Recognizing these differences allows for targeted
treatments and more accurate prognoses (26).

In undergraduate medical education, it is also essential to train
students in ways that reduce the likelihood of future diagnostic
errors. Evidence suggests that medical students’ diagnostic thinking
skills are often underdeveloped and insufficiently addressed in
formal education (31,32). Instructional strategies such as problem-
based learning, team-based learning, and case-based learning aim
to cultivate skills specific to diagnostic thinking, such as processing
information rather than memorizing it, formulating hypotheses, and
evaluating alternatives (33). Consequently, these approaches should
be integrated into the curriculum.

Diagnostic thinking skills of medical students and residents can be
monitored using the Diagnostic Thinking Inventory (DTI) (9,31).
Personalized learning strategies can then be developed based on
whether the learner relies more on analytical or non-analytical
reasoning processes. For learners with low DTl scores, interventions
aimed at fostering cognitive flexibility can be designed. Exposure to
diverse clinical cases can help students develop adaptable thinking
skills. High cognitive-demand environments—such as hospital
settings—can be strategically utilized to foster the development of
diagnostic thinking (34,35). Systematic instruction in critical thinking
skills can also improve diagnostic accuracy, while metacognitive
training—teaching individuals to think about their thinking—can
increase awareness of diagnostic errors (36).

Finally, efforts to improve diagnostic thinking should be supported
notonly atthe individual level but also through teamwork, a feedback
culture, and structured educational programs. Collaborative case
analysis fosters alternative perspectives and raises awareness of
potential biases (37,38). Receiving feedback enables individuals to
recognize their own thinking errors and avoid repeating them in the
future. In educational settings, an approach should be adopted in
which thinking processes are explicitly articulated and inquiry-based
learning methods are encouraged.

In summary, avoiding diagnostic thinking errors requires more
than technical knowledge alone; it necessitates understanding
the underlying cognitive processes, continuously reviewing these

processes, and fostering supportive learning environments. This
represents a fundamental mental discipline that strengthens clinical
safety and decision-making accuracy over the long term.

DISCUSSION

In medical settings, decision-makers frequently operate under less-
than-ideal conditions such as time pressure, distraction, fatigue,
sleep deprivation, and resource constraints. Clinical decisions are
often made rapidly and intuitively under the influence of factors
such as cognitive load, environmental stimuli, and limited resources.
This environment compels healthcare providers to develop
strategies for maintaining patient care efficiency amidst a dynamic
and unpredictable workload (2).

The diagnostic process is not limited to interpreting test results; it
encompasses multidimensional tasks such as analytical reasoning,
contextual evaluation, and consideration of phenotypic diversity.
This approach requires linking the diagnostic process not only
to measures such as accuracy or test sensitivity but also to the
patient’s overall management. For this reason, higher-order thinking
skills are critical in clinical decision-making. Moving beyond rote-
based approaches, clinicians need structured thinking models for
differential diagnosis and patient-centered care (13,26).

Research on malpractice and diagnostic errors highlights the
importance of advanced clinical reasoning skills and the necessity
of educational strategies focused on critical thinking (11,39).
Recommended educational interventions aim to develop
metacognitive strategies, increase awareness of cognitive biases, and
provide techniques to mitigate these biases (11,13). Furthermore,
identifying phases of the diagnostic process where errors are most
concentrated and creating targeted educational content for these
phases have the potential to reduce error rates.

An analysis of the causes of diagnostic errors reveals that the
diagnostic process is shaped not only by individual knowledge but
also by contextual factors such as early specialization (which may
narrow diagnostic focus) and environmental differences (35). The
quality of clinical experience is thus inextricably linked to the context
in which it occurs. A critical contextual factor is time pressure, which
often stems from high patient volumes. For example, although the
number of physicians per 1,000 inhabitants in Turkey has recently
increased to 2.2 (40), this figure remains below the OECD average,
which may lead to increased workloads and shorter consultation
times. Indeed, Monteiro et al. (41) demonstrated that reduced
thinking time significantly lowers diagnostic accuracy, particularly
when clinicians cannot engage in reflective reasoning. Consequently,
an educational process that provides sufficient time and experiential
learning opportunities is essential to facilitate more accurate
diagnoses (42)

In the clinical diagnostic process, intuitive thinking and cognitive
biases significantly affect decision quality. While intuitive approaches
can be functional for urgent decisions, they often lead to systematic
reasoning errors. Cognitive biases, defined as deviations from rational
judgment, are frequently associated with these heuristic shortcuts
(14). However, educational strategies that solely focus on identifying
biases have proven ineffective to date. This underscores the need to
integrate memory-based strategies into training programs (11).
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To develop effective mental representations in the diagnostic
process, it is important to deliberately expose students to rare or
atypical cases. Natural clinical distributions are insufficient for
building such representations. Therefore, simulation-based learning
techniques and principles of deliberate practice should be integrated
early in medical training.

Modern medical education is shifting away from purely knowledge-
transmission approaches toward models that emphasize problem-
solving and critical thinking. However, for this transformation to
be sustained and effective, curricula must include structures that
promote analytical thinking and provide strategies for metacognitive
awareness. Prioritizing the interpretation and integration of clinical
knowledge will support the development of graduates’ reasoning
skills.

The diagnostic thinking process transcends simple hypothesis
generation and testing; it fundamentally relies on knowledge
structure, pattern recognition, and rapid information retrieval. While
pattern recognition is a hallmark of clinical expertise, over-reliance
on this intuitive process without analytical verification can lead
to cognitive pitfalls such as premature closure (44). Furthermore,
weak, fragmented, or incomplete mental representations—often
referred to as underdeveloped illness scripts—render clinicians more
susceptible to biases (45). Consequently, medical education must go
beyond factual knowledge to systematically teach metacognitive
skills and debiasing strategies to safeguard the diagnostic process.

Artificialintelligence (Al)-supported systems hold significant potential
for reducing diagnostic errors. However, Al should be positioned
as an advisory tool rather than as a replacement for physicians
(14,43). Al remains limited in performing cognitive processes,
such as analyzing the temporal evolution of symptoms, evaluating
contextual information, and prioritizing differential diagnoses.
Moreover, overreliance on Al could hinder the development of
critical thinking skills and reduce transparency in the diagnostic
process. The most effective approach is for the human physician to
make the final decision, with Al serving to support the process.

Evaluating the level of diagnostic thinking could be considered a
quality management and accreditation metric in healthcare services
(45). Assessment activities conducted throughout physicians’ training
play a critical role in identifying reasoning errors. Additionally, raising
awareness of the reliability of the literature and facilitating access to
reliable information can help reduce diagnostic errors.

Finally, Royce etal. (11) argue that replacing terms such as “diagnostic
error” with more constructive and flexible expressions (e.g., “missed
diagnostic opportunity”), or replacing “differential diagnosis” with
“diagnostic hypothesis,” may make errors easier to acknowledge and
discuss. Reframing the language used in diagnostic reasoning could,
in turn, contribute to transforming these processes.

CONCLUSION

Diagnostic errors remain a significant threat to patient safety and
healthcare quality worldwide. As demonstrated in the literature,
these errors arise not only from knowledge deficits but primarily
from flaws in cognitive processing, contextual pressures, and
underdeveloped illness scripts. Clinical experience alone does not
guarantee improved diagnostic accuracy, particularly in relation to

interpretive errors. Therefore, structured educational interventions
that promote metacognitive awareness, cognitive flexibility, and
deliberate practice are essential. In addition, system-level strategies,
collaborative diagnostic practices, and supportive integration of
artificial intelligence may further enhance diagnostic reliability.
Ultimately, improving diagnostic thinking requires a comprehensive
approach that integrates cognitive science, medical education, and
healthcare system reform.
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