Epidemiology & Health Data Insights ﬂ ry&gﬂﬁfgﬁn‘?

(eISSN 3080-8111)

Review Article

Behavioral Impacts of Al Reliance in Diagnostics: Balancing Automation with SKill

Retention

Omolayo Sunday?!

Department of Mathematics, Faculty of Pure and Applied Science, Kwara State University, Malete, Nigeria

Received: Aug 20, 2025
/Accepted: Sep 04, 2025

Corresponding author’s email:
dadachristianah196@gmail.com

O

This work is licensed under a
Creative Commons Attribution 4.0
International License

Abstract:

The rapid application of artificial intelligence (AI) in diagnostic disciplines such as radiol-
ogy, pathology, microbiology, and genomics has revolutionized the way in which doctors
and laboratory workers provide patient care. Al has enhanced the efficacy, accuracy, and
cost-effectiveness of laboratory operations, clinical decision support systems, and image
interpretation. However, these advantages are accompanied by a severe behavioral issue:
an excessive reliance on automation could result in a generation of professionals who lack
the reasoning abilities necessary to independently assess or contextualize machine out-
puts. The dual effects of Al integration are the focus of this paper, which highlights its
beneficial aspects —including decreased cognitive load, increased confidence, and educa-
tional reinforcement—as well as its adverse effects, which include skill degradation, diag-
nostic deskilling among trainees, complacency, and reduced situational awareness. The
research emphasizes the potential for unregulated dependence on Al to progressively alter
professional conduct and expertise by utilizing case examples from radiology, pathology,
laboratory medicine, and clinical decision support, as well as parallels from automation in
aviation. In order to address these concerns, a conceptual framework is proposed that in-
tegrates Al into a "human-in-the-loop" approach, thereby preserving the significance of
human judgment while leveraging machine accuracy. In order to achieve equilibrium,
strategies include curriculum reform to integrate AI with hands-on experience, regular re-
training, the implementation of explainable Al to promote active thinking, and institu-
tional measures similar to recurrent training in high-stakes sectors. Ultimately, Al should
complement the existing infrastructure rather than supplant it. In order to guarantee this,
we must establish strategic educational, organizational, and regulatory safeguards to pre-
serve diagnostic expertise, ensure accountability, and maintain the resilience of healthcare

systems as they become increasingly dependent on intelligent technologies.
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Introduction

The use of Al in modern medicine for diagnosis is
on the rise. The production and application of diagnos-
tic information by healthcare professionals are being
rapidly transformed by Al This includes the automa-
tion of microbiological culture and clinical decision
support systems, as well as the interpretation of radio-
logical images and the analysis of digital pathology
slides. These computers are capable of assessing vast
datasets, identifying nuanced patterns that may be
overlooked by humans, and providing findings in a
timely and consistent manner. Al has enhanced the ef-
ficacy of clinical workflows, reduced turnaround times,
and improved diagnostic yield in oncology imaging,
automated hematology, and infectious disease diagnos-
tics (1).

Al has the potential to improve the accuracy and
efficacy of predictions and reduce human error. The di-
agnostic precision of human specialists can be matched
or surpassed by machine learning algorithms that have
been trained on extensive annotated datasets. In re-
source-constrained healthcare settings, where diagnos-
tician shortages can negatively impact patient out-
comes, this ability to facilitate more rapid and precise
clinical decision-making is essential. By outsourcing re-
petitive operations, Al can also enable physicians and
laboratory workers to concentrate on complex situa-
tions, patient communication, and multidisciplinary
collaboration (2,3).

A behavioral issue arises, despite these advances.
The increasing use of Al may result in the loss of diag-
nostic reasoning and practical skills among clinicians

Methodology: Narrative Synthesis

In this study, a narrative synthesis approach was
employed to assess the impact of artificial intelligence
(Al) in diagnostics. A comprehensive literature search
was conducted using databases such as PubMed,
Google Scholar, and IEEE Xplore, focusing on studies
published between 2015 and 2023 that evaluated Al ap-
plications in diagnostic imaging, pathology, and clinical
decision support systems. Studies were selected based
on inclusion criteria that prioritized peer-reviewed,
quantitative research examining Al's impact on diag-
nostic accuracy and error reduction. Key data were ex-
tracted from the selected studies, including success
rates, accuracy statistics, and the types of Al systems
used. These findings were then synthesized into the-

and laboratory experts. Professionals may be inclined to
embrace Al-derived conclusions without exercising
critical thinking due to automation bias, which involves
placing faith in algorithmic outputs. This may result in
the gradual deterioration of manual diagnostic skills,
interpretive judgment, and pattern identification. In
professions where tacit competence, which is acquired
through years of experiential learning, is essential, skill
attrition impacts health systems and practitioners (4,5).

Technical performance metrics —specificity, accu-
racy, sensitivity, and predictive validity —have been the
primary focus of Al diagnostics research. Although sig-
nificant, these assessments neglect to account for the
cognitive and behavioral consequences of ongoing Al
utilization. It is uncertain how Al-augmented environ-
ments maintain diagnostic knowledge, modify training
paradigms, and transform the professional identities of
clinicians. Healthcare may compromise long-term com-
petence in favor of short-term efficiency if these charac-
teristics are not carefully considered (6).

This research critically evaluates the behavioral
implications of Al-based diagnostics, with a particular
emphasis on the tension between automation and skill
retention. In order to demonstrate the advantages and
obstacles of Al integration, we integrate cognitive psy-
chology, diagnostic medicine, and automation-inten-
sive industry learning. Lastly, the report recommends
strategies for the creation of Al-powered systems and
training programs that safeguard the diagnostic abili-
ties of healthcare professionals.

matic categories, such as radiology, pathology, and clin-
ical decision support, to highlight the benefits and chal-
lenges of Al integration. The synthesis also integrated
case studies, providing practical examples of Al’s ef-
fects on diagnostic practice. Each study was critically
appraised for methodological quality, and limitations
such as sample size and potential biases were acknowl-
edged. In cases where statistical data were available,
basic analyses were performed to summarize the over-
all effectiveness of Al. The results were presented in a
coherent narrative format, incorporating both quantita-
tive data in summary tables and qualitative insights
into the behavioral impacts of Al in diagnostic work-
flows. This methodology allowed for a comprehensive
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understanding of Al’s role in diagnostics while ensur-
ing that the synthesis of findings was both rigorous and
actionable.

Conceptual Framework: Al Reliance and Human Cognition

In order to comprehend the behavioral conse-
quences of Al in diagnostics, cognitive and psychologi-
cal models of human interaction with automation are
required. The psychology of automation has long
acknowledged that technology systems in professional
practice alter processes and their users' cognitive strat-
egies. This dynamic is characterized by complacency,
automation bias, and technology faith. In order to adopt
algorithmic recommendations, clinicians must have
faith in them; however, an excessive amount of faith
may result in blind adoption (4,7). Automation bias is a
phenomenon in which specialists prioritize Al outputs
over divergent clinical data. This could result in com-
placency, which would render human monitoring per-
functory rather than vigilant, thereby jeopardizing the
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strates the impact of the growing dependence on Al in
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The diagram emphasizes the interaction between cog-
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Figure 1. Conceptual Framework of Al Reliance and Human Cognition

Figure 1 illustrates the conceptual framework of
Al dependence and human cognition. The cognitive
and behavioral repercussions of Al reliance are illus-
trated in this flowchart. It demonstrates the cognitive
effects that can result from a reliance on Al, such as in-
creased automation bias and complacency. These ef-
fects will subsequently influence professional behavior,
resulting in outcomes such as skill erosion and disen-
gagement. The delicate equilibrium between the ad-
vantages and obstacles presented by Al in diagnostic
environments is illustrated in this figure.

Cognitive offloading, which involves the transfer
of intricate cognitive tasks to external instruments, is in-
terconnected. Offloading enhances efficacy in diagnos-
tic medicine; however, it incurs concealed expenses.

Clinicians who frequently employ artificial intelligence
(Al to assess radiological abnormalities or propose dif-
ferential diagnoses may impair their cognitive abilities
and neural pathways, which are essential for independ-
ent diagnostic judgment. Cognitive outsourcing has the
potential to transform Al into a decision-making substi-
tute, which could have an impact on professional au-
tonomy and critical thinking (4).

The manual flying skills of pilots are impaired by
the protracted use of autopilot technology in aviation.
Strong diagnostic medicine similarities exist. If automa-
tion fails, clinicians must maintain their proficiency by
practicing interpretative and manual diagnostic skills,
regardless of the presence of AL The paradox of auto-
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mation is exemplified by skill decay: clinicians may be-
come more vulnerable when human intervention is re-
quired, as Al becomes more reliable, and they may rely
less on their knowledge (9).

Diagnostic competence is contingent upon tacit
information that is not susceptible to modeling. Clinical
intuition, experiential judgment, and aberrant pattern
recognition are developed through years of experience
and guidance. These abilities are challenging to impart
to machines as a result of contextual interpretation, pa-
tient history integration, and holistic reasoning. Pre-
serving this expertise is essential for the preservation of

Positive Behavioral Impacts of Al Reliance

It is imperative to acknowledge the beneficial ef-
fects of Al on behavior when it is implemented in clini-
cal settings, despite the legitimate concerns regarding
the excessive reliance on Al in diagnostics. Upon cau-
tious application, these advantages demonstrate that Al
has the potential to enhance human performance, ra-
ther than detract from it. This has the potential to alter
how professionals conduct themselves in a positive
manner (12).

One benefit is that Al support instills greater con-
fidence in physicians. Diagnostic medicine is character-
ized by a significant amount of ambiguity, particularly
in cases where the circumstances are uncertain or pre-
carious. By verifying their assessments, Al can assist
physicians in developing a greater sense of assurance in
their decisions. This psychological reinforcement has
the potential to improve the speed of decision-making,
reduce the fear of costly errors, and reduce the likeli-
hood of hesitation when making a diagnosis. Al is not
merely a technical instrument; it is also a confidant who
enhances your self-assurance (12,13).

It is also crucial to reduce the cognitive workload.
In some cases, diagnostic activities require the simulta-
neous analysis of complex data, such as clinical history,
laboratory findings, and imaging investigations, within
a limited timeframe. By outsourcing routine or repeti-
tive components of the process, Al enables physicians
to redirect their mental resources from lower-level re-
sponsibilities to higher-level reasoning and patient-cen-
tered tasks. Experts may allocate additional time to nu-
anced clinical interpretation, collaboration with indi-
viduals from diverse disciplines, and patient engage-
ment in meaningful ways, as opposed to managing the
entire data processing process (14).

the quality of treatment and the provision of the neces-
sary knowledge for independent practice to future cli-
nicians (10).

These issues can be resolved through a "human-
in-the-loop" approach. This approach underscores com-
plementarity: Al offers rapid, data-driven insights,
while physicians employ contextual judgment, ethical
reasoning, and experiential competence. This approach
preserves human agency, mitigates skill erosion, and
establishes a symbiotic relationship in which automa-
tion improves human cognition. This paradigm enables
researchers to investigate the behavioral consequences
of Al's reliance and devise solutions that strike a bal-
ance between automation and skill retention (11).

Al can also be employed for educational pur-
poses, such as serving as an interactive instructor in
training environments. Medical students, residents,
and lab trainees receive immediate feedback on their di-
agnostic reasoning through Al-generated annotations
or suggestions. By highlighting errors, reinforcing ap-
propriate techniques, and providing learners with a di-
verse array of diagnostic scenarios, this iterative learn-
ing environment facilitates their development into ex-
perts. Al-assisted learning has the potential to expedite
the acquisition of new skills and ensure that instruction
remains consistent across various types of institutions
over time (15).

The most intriguing development is the emer-
gence of collaborative intelligence, which integrates the
most advantageous aspects of human judgment and
computer analysis. Artificial intelligence (AI) possesses
computational power, consistency, and the capacity to
identify patterns on a large scale, while humans contrib-
ute contextual awareness, moral reasoning, and the ca-
pacity to manage uncertainty. This connection supports
the notion that "the whole is greater than the sum of its
parts.” Al has the potential to assist physicians in the
development of more accurate diagnoses, rather than
supplanting them (16). This establishes a method of op-
eration that integrates algorithmic precision and human
cognition. AI has undeniably brought several ad-
vantages to the diagnostic process, including enhanced
efficiency, reduced cognitive load, and greater confi-
dence in clinical decision-making. However, while Al
offers notable benefits, it also presents significant chal-
lenges that cannot be overlooked. The increasing reli-
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ance on Al has raised concerns regarding skill degrada-
tion, deskilling, and complacency among healthcare
professionals.

Negative Behavioral Impacts of AI Reliance

Even if artificial intelligence (AlI) has the potential
to change the way we do things, using it in diagnostics
raises a lot of behavioral issues. The long-term integrity
of clinical knowledge is at jeopardy because of too
much dependence on automation, the loss of important
skills, and less professional participation. If we want to
get the most out of Al without putting the skills that
make treatment possible at risk, we need to think care-
fully about these problems (3).

Over-reliance and Complacency

One of the most immediate behavioral risks is that
therapists tend to trust Al systems too much. Automa-
tion bias, which is the tendency to believe what ma-
chines say without checking it, leads to complacency.
When Al is always right in everyday tasks, experts may
soon stop actively checking diagnostic data and just
start receiving it. This pattern is similar to what has
been seen in aviation, where too much dependence on
autopilot has been connected to a number of serious ac-
cidents. In medicine, this kind of complacency could
lead to a culture of algorithm deference, where doctors
might miss mistakes or uncommon cases that the Al's
training data doesn't cover (4).

Skill Erosion

Diagnostic medicine has always relied on re-
peated practice and hands-on learning to build exper-
tise. Pathologists, for example, refine their skills by an-
alyzing countless slides under a microscope, whereas
radiologists learn pattern recognition after years of im-
age interpretation. As Al performs more of these tasks,
opportunities for hands-on experience diminish, result-
ing in a continuous decline in technical and interpreta-
tive skills. This erosion is especially concerning in labor-
atory medicine, where less involvement with manual
microscopy or culture interpretation may risk the abil-
ity to troubleshoot when automated methods fail. Once
entrenched, skill loss is difficult to reverse, and it may
result in a generation of doctors who are ill-equipped to
operate without technological assistance (17).

Diagnostic Deskilling in Training
The risks of skill erosion are higher in educational
contexts. Trainees who encounter Al early in their ca-

reers may avoid the difficult task of developing auton-
omous diagnostic thinking. Students who are continu-
ally exposed to Al-generated responses may conclude
that critical thinking is unnecessary, making it difficult
for them to develop professional judgment. The com-
plex, instinctual abilities evolved while managing diag-
nostic uncertainty —such as pattern recognition, proba-
bilistic reasoning, and extensive data synthesis—are
less likely to arise in environments where Al provides
quick, conclusive conclusions. This makes me con-
cerned about the future workforce, which is better at
verifying computer ideas than making diagnoses on its
own (18).

Loss of Situational Awareness

Another behavioral consequence is the potential
loss of situational awareness. In diagnostic practice, sit-
uational awareness refers to the clinician's overall com-
prehension of the patient's condition, which includes
clinical history, contextual markers, and environmental
effects. Overemphasis on Al outputs may limit clini-
cians' concentration, leading to a fragmented under-
standing of the diagnostic process. For example, a doc-
tor who utilizes Al to analyze radiological scans may
fail to connect the data with minor clinical details, and
a lab scientist who uses automated culture methods
may overlook distinct development patterns that are
critical for therapeutic purposes. This type of limited
perspective may result in less full and precise care (19).

Bias Reinforcement

Al systems are only as powerful as the data they
learn from. When models inherit biases, such as not
covering specific categories of people or focusing too
heavily on prevalent diseases, these biases can be per-
petuated or even exacerbated. A behavioral risk devel-
ops when clinicians are accustomed to deferring to Al
and fail to question outputs that contradict clinical in-
tuition or patient-specific concerns. Human profession-
als do not correct systemic prejudice; rather, they act as
a passive channel for it, exacerbating discrepancies in
diagnostic results. The psychological tendency to avoid
analyzing "authoritative" computer outputs exacer-
bates this risk, raising significant ethical and equity con-
cerns (20).
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Psychological Disengagement

The most dangerous consequence of relying on Al
is the risk of losing interest in the diagnostic process it-
self. As professionals transition from active diagnosti-
cians to passive overseers of machine operations, their
roles may shift from data interpreters to technicians
who check predetermined outputs. This alteration not
only makes diagnostic work less intellectually exciting,
but it also undermines professional identity. If not ad-
dressed, this lack of engagement may result in poorer
work satisfaction, a desire to continue learning, and a
diminished sense of responsibility for patient out-
comes. Finally, healthcare staff may feel disconnected
from the talents that once defined their roles (12).

Synthesis

These negative consequences on behavior demon-
strate a paradox inherent in Al integration. Automation
has the potential to enhance speed and precision; yet,
over-reliance on technology may undermine essential
human competencies—critical reasoning, pattern
recognition, and contextual judgment—that are funda-
mental to robust diagnoses. The deterioration of these
capacities is not an inevitable outcome but a behavioral
trajectory shaped by the design, implementation, and

integration of Al systems into workflows. If clinicians
don't take steps to safeguard themselves on purpose,
they could become excessively reliant, complacent, and
disengaged, which could put both patients and
healthcare systems at risk. We need to work on our
technical abilities and make plans for how to protect
and strengthen the cognitive and professional parts of
diagnostic practice to deal with these threats (21,22).
The table below shows the good and bad effects
that relying on Al in diagnostics can have on behavior.
We list the good effects on the left, such as more confi-
dence, less cognitive load, better learning, and more col-
laborative intelligence. We list the possible concerns on
the right, such as over-reliance, skill degradation, diag-
nostic deskilling, bias reinforcement, and disengage-
ment. This comparison chart shows that Al has both
good and bad effects, giving us a balanced view of the
pros and cons of using automation in healthcare (23).

Table 1: Positive vs. Negative Behavioral Impacts of
Al in Diagnostics

This table summarizes the positive and negative behav-
ioral impacts of Al in diagnostics, highlighting key ar-
eas where Al enhances clinical practice and areas of
concern.

Positive Impacts

Negative Impacts

Confidence Boost

Over-reliance on Al

Reduced Cognitive Load

Skill Erosion

Educational Reinforcement

Diagnostic Deskilling

Collaborative Intelligence

Bias Reinforcement

Enhanced Decision Making

Disengagement

Case Study Evidence

The behavioral effects of Al dependency are not
merely theoretical; they are already visible in a number
of diagnostic medicine domains. Evidence from case
studies shows how automation can increase productiv-
ity while also raising issues with skill deterioration and
complacency. These instances from the fields of radiol-
ogy, pathology, microbiology, and clinical decision
support demonstrate how the use of Al may alter pro-
fessional workflows in ways that should be carefully
evaluated (3).

Radiology

One of the earliest and most evident applications
of Al, particularly for image interpretation, was in radi-
ology. Now, issues like brain hemorrhages, bone frac-

tures, and lung nodules can be promptly detected by al-
gorithms that have been trained on vast volumes of im-
aging data. Throughput has been improved by these
techniques, particularly in busy areas like emergency
rooms. However, some are concerned about their im-
pact on training. Al-generated annotations may now be
used by junior radiologists, who typically acquire expe-
rience by closely examining a large number of images.
This can expedite the interpretation process, but it may
also shorten the experiential learning required to build
self-sufficient diagnostic abilities (24).

Al algorithms have significantly improved effi-
ciency in interpreting radiological images, leading to
faster diagnosis. Research shows that Al systems can
achieve up to 95% accuracy in detecting conditions such
as lung cancer, dramatically reducing diagnostic errors.
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This technological advancement is transforming the
field by providing more reliable and quicker results,
though it may come at the cost of hands-on experience
for trainees (25). However, this has also raised concerns
about reduced hands-on experience for trainees. With
Al-generated annotations becoming more common,
there is a risk that junior radiologists may rely too heav-
ily on these tools instead of developing independent in-
terpretive skills, which are crucial for accurate diagno-
sis in complex cases (26).

Pathology and Laboratory Medicine

Digital pathology has been demonstrated to be
more efficient and consistent when Al algorithms are
able to monitor biomarkers and recognize histological
patterns. But relying on these technologies has reduced
the number of pathologists who examine glass slides
under a microscope. In situations where artificial intel-
ligence serves as the primary interpretive tool, the hand
dexterity, visual acuity, and interpretive skills acquired
by repeated microscopy may decrease. This worries me
about the pathologists of the future, who may lack the
manual skills necessary to function well in environ-
ments without sophisticated computer infrastructure
7).

In digital pathology, Al has made processes more
efficient, enabling pathologists to quickly monitor bi-

omarkers and recognize patterns in slides. This automa-
tion improves diagnostic speed and consistency. How-
ever, this reliance on Al for primary interpretation can
diminish  essential ~manual diagnostic  skills.
Pathologists may lose their ability to analyze glass
slides under a microscope, a crucial skill for future gen-
erations, especially in environments without sophisti-
cated computer infrastructure (28).

Al-powered digital pathology tools have been
shown to reduce errors by 25% when monitoring bi-
omarkers and histological patterns (29). This increased
accuracy enhances diagnostic speed, but over-reliance
on Al tools may lead to diminished manual diagnostic
skills among pathologists, such as analyzing glass
slides under a microscope. To illustrate the effective-
ness of Al in diagnostic imaging, the following table
summarizes key success rates and impacts across vari-
ous applications, including radiology, pathology, and

clinical decision support.

Table 2: AI Success Rates in Diagnostic Imaging

This table summarizes the success rates and impact of
Al applications in various diagnostic imaging fields,
highlighting key statistics related to accuracy and error
reduction.

Al Application

Success Rate/Impact

Source

Radiology  (Lung Cancer

Detection)

95% accuracy in detecting

lung cancer

Google Health, 2021(30)

Radiology (Breast Cancer

94.6% accuracy in detecting

Stanford University, 2020(31)

Detection) breast cancer
Pathology (Biomarker | 25% reduction in diagnostic | Computational Pathology
Monitoring) errors in cancer diagnosis Research, 2019(32)

(Drug-Drug Interaction) errors

Clinical Decision Support | 30% reduction in diagnostic | Clinical Decision Support

Systems Study, 2018(33)

Microbiology

Automation has also significantly altered micro-
biology laboratories. Samples can be processed in a
timely and consistent manner by systems that can au-
tonomously incubate cultures, take pictures, and iden-
tify organisms. However, microbiologists are unable to
cultivate their delicate interpretative abilities, such as
the ability to identify toxins, mixed growth patterns, or
unusual morphologies, due to the fact that they are no
longer required to examine cultures as closely as they

once were. Specialists may not be as prepared to iden-
tify and resolve issues that do not align with the param-
eters of automated systems when unusual entities
emerge (34).

In microbiology, Al-powered automation has sig-
nificantly sped up the processing and analysis of sam-
ples, improving throughput and consistency. While
these advancements offer many benefits, they come
with a downside. Microbiologists now have fewer op-
portunities to develop critical interpretive skills, such as
the ability to identify rare or unusual pathogens, which
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can be essential when dealing with complex cases that
do not fit into the automated systems’ parameters (35).

Clinical Decision Support

Al-powered technologies provide physicians and
pharmacists with drug-drug interaction alerts and rec-
ommendations that are based on established guidelines
when they are prescribing drugs or making clinical de-
cisions. In numerous scenarios, these methodologies
enhance safety; however, they may pose a risk if they
are employed excessively, as they may incorrectly iden-
tify unusual circumstances. Despite the contradictory
patient presentations, case reports demonstrate in-
stances in which physicians relied on decision-support
tools, resulting in diagnostic delays or inappropriate
therapy. These examples underscore the behavioral risk
associated with physicians who prioritize machine au-
thority over contextual judgment (36).

Al-powered decision support systems have
helped clinicians identify drug interactions and make
diagnostic decisions more efficiently, leading to im-
proved patient safety. However, excessive reliance on
these tools can lead to complacency. Clinicians may de-
fer critical thinking and overlook cases that fall outside
Al's predefined patterns, potentially leading to diag-
nostic delays or inappropriate therapy in unusual situ-
ations (37). Al-powered decision support systems can
reduce diagnostic errors by 30%, providing more con-
sistent and accurate diagnostic readings. However, ex-

Balancing Automation with Skill Retention

The challenge for modern healthcare is not the in-
tegration of artificial intelligence (Al) into diagnostics,
but rather the implementation of Al in a way that does
not compromise the expertise it is intended to improve.
In order to achieve this equilibrium, it is imperative that
we devise proactive strategies that capitalize on the ad-
vantages of automation while also preserving human
abilities. In order to ensure that Al complements hu-
man diagnostic abilities rather than supplants them, it
is necessary to implement a multifaceted approach that
encompasses professional culture, regulatory guidance,
system design, and education (2).

Education and Training

It is fundamental to modify the curriculum. While
maintaining rigorous engagement with manual and in-
terpretative activities, training programs must integrate
Al into medical and laboratory instruction. Courses

cessive reliance on these systems can lead to compla-
cency, with clinicians potentially overlooking cases that
fall outside AI's predefined patterns (38).

These case studies illustrate the real-world impli-
cations of Al reliance in diagnostic practice, highlight-
ing both its benefits and its risks. To address these chal-
lenges and preserve professional competence, a concep-
tual framework is proposed that integrates Al into a
"human-in-the-loop' approach.

Lessons from Other Industries

These concerns are exacerbated by comparable
aviation issues. When pilots employ autopilot systems
frequently, their situational awareness and manual
flight abilities deteriorate, rendering them less secure in
the event of an automation failure. Medicine is also on
a similar trajectory: as physicians become accustomed
to allowing Al to perform the diagnostic process for
them, they may be unable to provide the same level of
assistance in the event of unforeseen or unusual circum-
stances. The aviation experience demonstrates that or-
ganized protections must be implemented to ensure
that individuals maintain their alertness and skills. Au-
tomation is necessary (28).
These case studies illustrate a consistent trend: Al en-
hances efficiency, but it also poses a threat to the expe-
riential learning and situational awareness that are es-
sential for competent diagnostic practice. The results in-
dicate that healthcare personnel may replicate the
weaknesses identified in other automation-heavy sec-
tors in the absence of intentional initiatives.

should portray Al as a collaborator that necessitates
critical evaluation, rather than as a substitute for human
reasoning. For example, radiology residents may be in-
structed to develop their interpretations before consid-
ering Al concepts. This would enable them to enhance
their ability to identify patterns and acquire the ability
to query algorithmic outcomes. Similarly, pathology
and microbiology students could alternate between
digital platforms and traditional slide or culture evalu-
ations to ensure that they are proficient in both. The
mental and practical foundations of diagnostic exper-
tise are safeguarded by the integration of this dual
training philosophy (39).

Human-in-the-Loop Systems

Designing a human-in-the-loop (HITL) system is
a practical method of safeguarding oneself at the work-
flow level. In this approach, Al generates preliminary
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findings; however, human experts are required to ver-
ify, contextualize, and conclude the diagnosis's inter-
pretation. HITL frameworks ensure that clinicians are
accountable and prevent automation from becoming
the default authority by mandating human monitoring.
This design philosophy not only ensures that specialists
remain mentally engaged in the diagnostic process but

it also minimizes the likelihood of automation bias. The
Human-in-the-Loop (HITL) model, as illustrated in Fig-
ure 2, guarantees that Al functions as a supportive in-
strument. The model emphasizes the interaction be-
tween Al analysis, human interpretation, and continu-
ous feedback, thereby ensuring the retention of skills
and the accuracy of the analysis (40).

Active learning:
Stimulate human

Active labeling: Human zmnolatioa

annotated samples

(LD,

Unannotated data pool |

Model deploying:

predict labels
rompt

Prompt learning: Optimize
the machine annotation
data label through human
knowledge-informed

Training data:
Human annotation allows
data to be trained

Automatic labeling:
Train the model on
the unlabeled data

Model training: Use the semi-
supervised machine learning
algorithm to train the data and
obtain the training model

4

\

¥

4

Reinforcement learning:
Iteratively optimize the model
through the feedback reward
and punishment mechanism

Fig 2: Human-in-the-Loop (HITL) Model for Balancing AI and Expertise in Diagnostics.

This diagram illustrates the Human-in-the-Loop
(HITL) model, which integrates human expertise with
artificial intelligence (Al) in the diagnostic process. The
model consists of multiple stages, starting with an un-
annotated data pool from which the system selects data
for labeling. The process involves active learning to
stimulate human annotation and enhance Al's predic-
tive capabilities. Active labeling enables human experts
to annotate data, which informs the training of the
model through prompt learning and model training.
This leads to an optimized Al model that predicts and
suggests diagnoses. To ensure continuous improve-
ment, reinforcement learning iteratively refines the Al
model using feedback mechanisms, allowing Al and
human expertise to complement each other. This ap-
proach helps maintain critical diagnostic skills while
leveraging the efficiency of Al

Figure 3. Human-in-the-Loop (HITL) Model for
Balancing AI and Expertise

A workflow diagram illustrating the HITL ap-
proach in diagnostic medicine: (1) data input (imaging,
laboratory findings, clinical records) feeds into (2) Al
analysis (pattern recognition and diagnostic sugges-
tions), followed by (3) human expert review (interpre-
tation, contextualization, and final decision-making). A
(4) feedback loop ensures both Al refinement and hu-
man skill retention. This framework emphasizes Al as a

supportive tool rather than a replacement for clinical
expertise.

Periodic Retraining and Skill Drills

Structured retraining programs can assist schools
and enterprises in combating skill degradation. In the
same way that pilots must regularly practice flying by
hand, diagnosticians may also engage in skill exercises.
For example, laboratories may mandate a specific num-
ber of microscopy hours annually, and radiology de-
partments may conduct "blind read" sessions during
which physicians evaluate images without the assis-
tance of artificial intelligence. These activities ensure
that fundamental skills remain robust, providing a
safety net if Al systems malfunction or produce ambig-
uous results.

Explainable AI (XAI)

Additionally, the design of Al is crucial in assist-
ing individuals in maintaining their abilities. Explaina-
ble Al (XAI) systems that display interpretable out-
comes, such as highlighting areas of interest on an im-
age or providing reasoning routes for diagnostic ideas,
encourage physicians to contemplate the information
they observe more thoroughly. It is recommended that
professionals query the rationale behind Al judgments
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rather than blindly accepting them. This interaction fos-
ters a reflective diagnostic culture, in which Al serves
as a catalyst for critical thinking rather than a replace-
ment (41).

Hybrid Decision-Making Protocols

By employing hybrid decision-making principles
that establish constraints on Al's autonomy, institutions
can enhance the protection of knowledge. Al outputs
can be accepted with minimal supervision in everyday,
low-risk tasks. Nevertheless, human validation should
be necessary in the event of complex, high-stakes, or un-
usual circumstances. This tier-based methodology
guarantees that physicians remain in command when
ethical reasoning, context, and judgment are required.
Additionally, it prevents individuals from assigning ro-
botics all of their responsibilities in domains where hu-
man knowledge is indispensable (9).

Institutional Policy and Regulation

Finally, the integration of skill retention into pro-
fessional practice necessitates the establishment of insti-
tutional rules and regulatory frameworks. Recurrent
training and simulation are indispensable in the avia-
tion industry. Healthcare systems may implement a

Ethical, Legal, and Professional Implications

The ethical, legal, and professional aspects of
medical practice are inextricably linked to the behav-
ioral repercussions of Al's reliance on diagnostics. Au-
tomation offers the potential for efficiency and preci-
sion; however, it also poses critical concerns regarding
accountability, liability, identity, and equity that must
be resolved in order to guarantee responsible integra-
tion.

Ethical Risk: Diminished Accountability

One of the most critical ethical concerns is the re-
duction of responsibility that occurs when physicians
depend on Al outputs. In the past, diagnostic reasoning
placed the entire responsibility on the doctor, who was
required to make decisions based on both technical facts
and their comprehension of the situation. It is difficult
to determine the individual responsible when individ-
uals fail to query the advice of artificial intelligence.
Ethical dilemmas arise when errors occur: Who is ac-
countable —the physician, the healthcare institution, or
the Al system developers? The ethical foundation of
professional accountability in medicine may be com-
promised if Al is implemented without explicit guide-
lines (44).

similar policy, mandating that physicians maintain
their diagnostic capabilities while employing Al. Pro-
fessional guidelines may establish standards for the ap-
propriate balance between automated and human-led
diagnostics, and accreditation organizations may man-
date periodic demonstrations of manual proficiency.
Not only do these regulations ensure the safety of pa-
tients, but they also safeguard the professional identity
of diagnosticians in an era of rapid technological ad-
vancement (42).

Synthesis

We do not need to combat Al to achieve a balance
between automation and skill retention. Rather, we
must establish a diagnostic environment in which the
capabilities of both humans and machines are interde-
pendent, thereby enhancing each other's capabilities.
By employing education, regulatory monitoring, re-
training, explainability, hybrid procedures, and metic-
ulous system design, healthcare can ensure that Al en-
hances professional knowledge rather than diminishes
it. The objective is not to halt automation, but rather to
direct it in a responsible manner that preserves the di-
agnostic resilience that clinicians require both now and
in the future (43).

Legal Implications: Malpractice Liability

The law is also subject to the distribution of re-
sponsibility. Malpractice liability becomes complex
when Al outputs influence diagnostic errors. If the Al
commits an error, a physician who adheres to its recom-
mendations may still be held legally accountable. Con-
versely, disregarding Al recommendations that prove
to be accurate may result in litigation. The mixed nature
of Al-augmented diagnoses is a challenge for current
malpractice frameworks, which are founded on the de-
cision-making processes of individuals. In order to es-
tablish a clear understanding of the responsibilities of
clinicians, healthcare organizations, and Al developers,
the law must be explicit (45).

Professional Identity in Transition

In addition to legal and ethical concerns, the in-
corporation of Al presents challenges to the profes-
sional identity of diagnosticians. The function is at risk
of being redefined to prioritize verification and moni-
toring, despite its traditional reputation for the ability
to analyze complex data and make autonomous deci-
sions. The intellectual engagement and perception of
expertise that are critical to the diagnostic professions
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may be compromised by this type of change. In order to
reevaluate professional identity in an Al-augmented
environment, clinicians must be viewed as partners ra-
ther than as specialists who have been supplanted, as
their capacity to evaluate information remains of para-
mount importance (46).

Equity Considerations

Ultimately, the equity of both training and prac-
tice is impacted by the reliance on Al Institutions that
possess sophisticated Al technologies may be capable

of providing learners with more automated learning en-
vironments. Conversely, individuals with limited re-
sources may continue to depend on manual diagnoses
to a significant extent. This discrepancy may result in
training pathways that are uneven, as graduates from
Al-rich environments may lack the fundamental man-
ual skills required, while those from Al-poor environ-
ments may not have had as much exposure to new tech-
nology. It is crucial to ensure that training requirements
are equitable across various settings in order to prevent
the expansion of disparities in professional competence
and patient outcomes (18,47).

Future Outlook: Al as Augmentor, Not Replacement

Rather than envisioning the future of diagnostics
as one in which Al replaces human expertise, consider
it as one in which Al enhances human capabilities. The
goal is not to replace the clinician's diagnostic reason-
ing, but rather to refine and perfect it, ensuring that pa-
tients benefit from the combination of human discern-
ment and computer accuracy. This perspective substan-
tiates the significance of professional intuition, contex-
tual reasoning, and tacit knowledge, regardless of the
advancements in technology (2,3).

New solutions are already guiding us toward this
collaborative future. Adaptive learning platforms can
enhance the personalization of training by providing
physicians with diagnostic problems that are precisely
tailored to their skill level. This promotes active learn-
ing in environments that contain a significant amount
of Al Simulation-based retraining exercises can repli-
cate the recurrent training methods used in aviation, en-
suring that personnel maintain fundamental competen-
cies despite the increasing automation. Similarly, an en-
vironment in which practitioners critically engage with
Al rather than passively acquiescing to it could be fos-
tered by ongoing professional development initiatives

Conclusion

Al has the potential to revolutionize diagnostics,
improving efficiency, accuracy, and confidence in clini-
cal decision-making. However, its increasing integra-
tion also presents significant risks, including skill deg-
radation, complacency, and a reduction in critical think-
ing. These challenges, if unaddressed, could jeopardize
the long-term viability of healthcare systems and the
professional competence of clinicians.

While Al can complement and augment human
expertise, it should not replace it. The balance between

that integrate Al literacy with fundamental diagnostic
competencies (48).

Also, research will be crucial in achieving this fu-
ture. In order to monitor the influence of Al utilization
on diagnostic competencies over time, longitudinal
studies on skill retention are essential (49). Addition-
ally, behavioral monitoring may reveal the onset of di-
minished alertness as a result of automation depend-
ence. In order to facilitate the responsible use of Al it
will be necessary to establish policy frameworks that
safeguard human-in-the-loop principles, mandate skill-
preservation methods, and establish explicit require-
ments for Al governance (50).

Ultimately, the message is unmistakable: in an era
in which technology is the norm, healthcare systems
must safeguard their diagnostic capabilities in order to
remain resilient. If medicine views Al as a collaborator
rather than a replacement, it may capitalize on its ad-
vantages while maintaining the human capabilities that
remain the foundation of safe, effective, and compas-
sionate care (51).

automation and skill retention is crucial to maintaining
diagnostic quality and patient safety.
Recommendations:

1. Regular Retraining Programs: To safe-
guard diagnostic expertise, healthcare in-
stitutions should implement regular re-
training programs that focus on hands-on
diagnostic skills, ensuring that clinicians
retain their manual and interpretive ca-
pabilities even as they integrate Al tools
into their practice.
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2. Hybrid Decision-Making Protocols: We
recommend adopting hybrid decision-
making frameworks where Al is used as
a tool to enhance human decision-making
rather than replacing it. These protocols
should be designed to incorporate both
Al-generated insights and human judg-
ment, especially in complex or high-
stakes scenarios.

3. Curriculum Reform: Educational institu-
tions should revise their curricula to inte-
grate Al while ensuring that foundational
diagnostic skills, such as pattern recogni-
tion and manual examination, are re-
tained. Al should be taught as a collabo-
rative tool, encouraging students to ver-
ify and question Al outputs rather than
defer to them blindly.

4. Human-in-the-Loop Systems: The hu-
man-in-the-loop (HITL) approach should
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