
Accepted: 4 August 2025
© The Author(s) 2025

Chiara Natali and Luca Marconi contributed equally to this work.

Extended author information available on the last page of the article

AI-induced Deskilling in Medicine: A Mixed-Method Review 
and Research Agenda for Healthcare and Beyond

Chiara Natali1,2 · Luca Marconi1 · Leslye Denisse Dias Duran3 · Federico Cabitza1,4

Artificial Intelligence Review          (2025) 58:356 
https://doi.org/10.1007/s10462-025-11352-1

Abstract
The integration of Artificial Intelligence (AI) in healthcare is reshaping clinical practice, 
offering both opportunities for enhanced decision-making and risks of skill degradation 
among medical professionals. This growing impact calls for a comprehensive evaluation 
of its effects on medical expertise. This study presents a mixed-method literature review, 
combining systematic analysis with narrative synthesis to examine AI-induced deskilling 
and upskilling inhibition-the erosion of medical expertise and the reduction of opportuni-
ties for skill acquisition due to AI-driven decision support systems. Anchoring the dis-
cussion in the core medical competencies outlined by the Federation of Royal Colleges 
of Physicians of the UK-Practical Assessment of Clinical Examination Skills (PACES-
MRCPUK), the systematic review identifies key vulnerabilities in physical examination, 
differential diagnosis, clinical judgment, and physician-patient communication. The narra-
tive review explores broader themes related to Human–AI Interaction and the Impact of AI 
on Human Skills in Organizations. In response to concerns about the Second Singularity-a 
scenario in which decision-making autonomy is increasingly ceded to AI, weakening hu-
man oversight-this review advocates for a research agenda that prioritizes longitudinal 
studies, real-time monitoring of AI’s impact, and the development of frameworks to miti-
gate skill erosion, ensuring the preservation of professional autonomy and the safeguard-
ing of the irreplaceable elements of human judgment in medicine and beyond.

Keywords  Deskilling · Artificial intelligence · Healthcare · Human–AI interaction · 
Narrative review · Systematic review

1  Introduction

The rapid integration of Artificial Intelligence (AI) in healthcare decision-making processes 
offers significant opportunities to enhance diagnostic accuracy, improve efficiency, and 
potentially transform patient outcomes. Yet, as AI systems become more deeply embed-
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ded in daily practice, growing concerns have emerged about their long-term impact on 
medical expertise-particularly the gradual erosion of physicians’ critical skills and clinical 
judgement.

Gary Klein’s notion of the second singularity offers a powerful lens through which to 
understand this risk: a turning point where repeated delegation to intelligent systems leads 
not to liberation, but to atrophy-an irreversible loss of professional know-how as skills go 
unused and unrefined over time (Klein 2022). Beyond individual cognitive effects, entire 
professions and organizations risk being undermined by system fragility (Sparrow and 
Hatherley 2019): when automation gradually erodes human expertise, critical processes 
become increasingly vulnerable as reliance on AI becomes entrenched and the necessary 
skills to operate without it are forgotten.

In healthcare, the risk of system embrittlement is particularly pronounced due to the 
critical importance of continuously practising and updating clinical skills-the competencies 
essential for physicians to ensure consistently high standards of patient care (Michels et al. 
2012).

This paper focuses on two interrelated yet conceptually distinct threats: deskilling, the 
degradation of previously acquired competencies due to reduced practice, and upskilling 
inhibition, the suppression of opportunities to develop new or advanced skills-especially 
among trainees-due to over-reliance on AI systems.

Deskilling, also known as skill loss, skill erosion (Rinta-Kahila et al. 2023), skill decay 
or skill fade (de Andres Crespo et al. 2025), refers to the degradation, or loss of previously 
acquired professional skills, typically resulting from reduced practice or diminished neces-
sity due to automation or technological substitution. This aligns with the classical notion 
of deskilling introduced by Braverman (1974), which describes the fragmentation of work 
into increasingly standardized tasks requiring less human expertise. In clinical settings, this 
trend manifests as a shift from hands-on, experience-driven decision-making to an oversight 
role in which physicians validate AI-generated recommendations rather than independently 
diagnosing and treating patients. The result is a progressive disengagement from complex 
cognitive and procedural tasks, reducing both technical proficiency and the nuanced clinical 
judgment that underpins effective medical practice. Beyond the loss of practical skills, this 
transformation also risks diminishing professional confidence and autonomy (Bainbridge 
1983), reinforcing dependence on AI even in situations where human expertise remains 
essential.

Rather than the loss of established expertise, upskilling inhibition denotes the hindrance 
or suppression of opportunities for acquiring new skills, often because individuals are not 
adequately exposed to tasks that promote learning, challenge, or progressive responsibility. 
Medical training relies on a gradual increase in complexity and autonomy, where novices-
students, residents, and early-career specialists-develop expertise by engaging with progres-
sively difficult cases under supervision (Beane 2019). Over-reliance on AI may disrupt this 
learning trajectory by limiting exposure to challenging decision-making scenarios. When AI 
systems consistently provide solutions, trainees may miss critical opportunities to develop 
diagnostic acumen, problem-solving skills, and confidence in independent judgment. In 
the long run, this inhibition may result in a generation of clinicians who are less prepared 
to operate without AI assistance, exacerbating concerns about the sustainability of human 
expertise in medicine.
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Both deskilling and upskilling inhibition phenomena present significant risks to clinical 
effectiveness, patient safety, and physician autonomy, as they impact critical competencies 
such as clinical judgement, physical examination, differential diagnosis, and effective patient 
communication. However, it is important to acknowledge that the relationship between AI 
and human skills in medicine is context-dependent and complex. AI implementation does 
not uniformly result in skill erosion; rather, it can stimulate a transformation in medical 
competencies (Aslam and Hoyle 2022). Physicians may find their roles evolving, focus-
ing increasingly on overseeing AI-driven processes, validating algorithmic outputs, and 
integrating AI recommendations within broader patient management strategies. Moreover, 
AI systems themselves can function effectively as training tools, actively facilitating skill 
acquisition through adaptive tutoring systems or context-sensitive decision aids designed 
explicitly to maintain and even enhance clinical judgement and diagnostic capabilities.

Despite the significance of these dynamics, there remains a lack of systematic evidence 
on how, when, and for whom AI-induced deskilling occurs in healthcare. Its gradual and 
often imperceptible nature makes it difficult to measure, and its most affected domains-
such as tacit knowledge, heuristics, and interpersonal skills-are inherently challenging to 
quantify (Anichini et  al. 2024). Existing perspectives on AI’s impact on medical skills 
remain divided. Pessimists argue that AI adoption could diminish clinical reasoning and 
patient interaction, reinforcing the “use it or lose it” principle of skill retention (Kleim and 
Jones 2008; Hoff, 2011). Optimists counter that AI serves as an augmentative tool, much 
like stethoscopes or imaging technologies, enhancing rather than replacing physician capa-
bilities (Obermeyer and Lee 2017; Verghese et  al. 2018). However, conclusive evidence 
remains limited, with most existing accounts remaining either speculative or fragmented 
across disciplines. The field lacks a cohesive vocabulary, a shared set of mechanisms, and 
a structured research agenda to investigate this phenomenon with the rigour it demands.

This paper addresses this gap by systematically examining the phenomenon of AI-
induced deskilling and upskilling inhibition in medical literature, identifying their mech-
anisms, manifestations, and implications for clinical expertise, medical training, and 
healthcare system resilience. Based on this analysis, we propose a research agenda to guide 
future empirical inquiry and policy design.

To do so, we adopt a mixed-method approach combining a systematic literature review-
anchored in the PACES-MRCPUK framework of clinical competencies and aligned with 
PRISMA guidelines-with a narrative synthesis that integrates broader insights from human–
AI interaction, organisational behaviour, and ethical design.

The structure of the paper is as follows: in Sect. 2, we detail our methodology, distin-
guishing between the systematic and narrative review components. Section 3 presents find-
ings from the systematic review, structured by clinical skill domains, followed by thematic 
results from the narrative review, centred on the topics of human–AI interaction and organ-
isational integration. Section 4 synthesises these insights to propose a structured research 
agenda that highlights key areas for empirical investigation and practical intervention aimed 
at mitigating AI-induced deskilling risks. Section 5 outlines the study’s limitations. Finally, 
Sect. 6 summarises our conclusions, reaffirming the need to safeguard and cultivate profes-
sional autonomy and the critical skills integral to healthcare and other high-stakes profes-
sions in the age of AI.
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2  Methods

The methodological approach presented in this study integrates systematic analysis using 
the PRISMA reporting format (Page et al. 2021) with a narrative synthesis that captures the 
broader conceptual and theoretical dimensions of this issue. This two-pronged methodol-
ogy categorizes existing research into seven clinical skill domains, based on the Practical 
Assessment of Clinical Examination Skills examination of the Federation of Royal Col-
leges of Physicians of the UK (PACES MRCP(UK)), designed to test the knowledge and 
skills of trainee doctors in core clinical skills (Elder et  al. 2011). This examination is a 
comprehensive approach with a marked practical component that aims to ensure that physi-
cians are prepared for real-world clinical competencies, including history taking, physical 
examination, communication, and decision making. As the aim of the systematic review is 
to identify the concerns regarding the phenomenon of deskilling in the studies included, the 
PACES methodology serves as an empirical foundation to analyze these concerns and make 
a classification according to established and broadly accepted clinical standards regarding 
clinical skills.

The narrative review examined broader implications for human–AI interaction and 
organisational skill dynamics, offering a comprehensive view of how AI is reshaping clini-
cal skills in healthcare. Our structured research agenda advocates conceptual clarification, 
rigorous empirical investigation, and wide-reaching, actionable interventions to mitigate 
unintended consequences in medicine and other high-stakes, high-expertise professions. In 
the following sections, we detail our review methodology, present key findings, and discuss 
their implications for the future of medical training and practice, informing strategies that 
balance technological progress with the vital preservation of human judgment, autonomy, 
and professional resilience.

As stated in the introduction, although the phenomenon of deskilling is not a novel con-
cept, its potential implications for the health workforce, health organizations, and health 
institutions remain unclear. Consequently, our goal is to contribute to the ongoing debate 
about the unintended consequences of AI implementation in clinical settings, and thus, the 
present hybrid systematic-narrative methodology is designed to identify, analyze, and cat-
egorize the key themes and concerns that are articulated in the current scientific literature. 
To the best of our knowledge, no hybrid study has been conducted on this particular topic.

2.1  Systematic review methodology

This systematic review is structured according to the PRISMA reporting guidelines (Page 
et al. 2021) to ensure a structured and evidence-based search of the literature. Searches were 
carried out in three databases: PubMed, Scopus and Web of Science. The search strategy 
was structured into three groups of terms, which were organized into a query string using 
the appropriate Boolean operators. First, we used the terms “deskilling”, “de-skilling”, “loss 
of skills”, “skills degradation”, “skills erosion”, “skills atrophy”, “skills displacement” and 
“skills decline”. Second, we added the following terms to narrow the search for the medical 
sector “medicine” OR “healthcare” OR “health care” OR “clinical”. Finally, we used the 
terms “artificial intelligence”, “machine learning”, “deep learning”, and “decision support” 
to focus on articles discussing AI applications. Table 1 represents the identified inclusion 
and exclusion criteria for our systematic review.
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The articles and sources resulting from the query search were extracted in RIS format 
and then collected in Zotero for efficient management. Of the 60 sources initially identified, 
31 duplicates were removed. The remaining database for abstract screening consisted of 
29 articles. After the screening of the title and abstract, seven articles that did not meet the 
inclusion criteria were removed. The final eligibility assessment was conducted on the 22 
sources and, after a full-text review, 6 articles that did not meet the inclusion criteria were 
excluded. From the remaining 16 sources, a cross-citation search was conducted to find 
articles that were not found in the database search but were considered potentially relevant 
to the systematic review. Six new sources were identified. They were screened and assessed 
for eligibility using the same criteria and it was confirmed that all were published in peer-
reviewed journals. All of the six sources were included in the study (Fig. 1).

Fig. 1  PRISMA diagram

 

Criteria Description
Inclusion (IC1) Studies completely written in English
Inclusion (IC2) Studies with a central focus on healthcare 

or medicine and artificial intelligence
Inclusion (IC3) Studies directly and significantly dealing 

with the theme of deskilling
Exclusion (EC1) Papers merely mentioning the notion of 

deskilling without elaboration
Exclusion (EC2) Papers representing commentaries with-

out specific relevance
Exclusion (EC3) Papers outside the specific domain of AI 

in healthcare or medicine

Table 1  Inclusion and exclusion 
criteria for the systematic review
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2.2  Narrative review methodology

The narrative review, complementing the systematic review, provides an in-depth explora-
tion of AI-induced deskilling and upskilling inhibition in medicine. It seeks to understand 
this phenomenon from the perspectives of diverse professional stakeholders involved in 
AI development and deployment in healthcare. Through this comprehensive approach, the 
review analyzes the relationship between AI and medical professionals’ expertise, address-
ing both its challenges and potential mitigative strategies. It emphasizes the importance of 
fostering a culture of reskilling and adaptation, highlighting the crucial balance between 
technological integration and human skill preservation in the medical field.

The narrative review component of this study intends to capture a broader conceptual, 
organizational, and ethical perspectives on AI-induced deskilling and the inhibition of 
upskilling. To ensure comprehensive thematic coverage, a broad exploratory search strat-
egy was employed, focusing on the intersection of artificial intelligence, clinical skills, and 
healthcare transformation. Searches were conducted using Google Scholar, which was con-
sidered appropriate for identifying a diverse range of sources beyond the scope of traditional 
clinical and biomedical databases-such as theoretical contributions, interdisciplinary discus-
sions, and commentaries relevant to human–AI collaboration, professional expertise, and 
the transformation of human skills in clinical contexts.

Keyword combinations included terms such as “AI and deskilling”, “AI and clinical 
skills”, “human–AI interaction in healthcare”, “AI and clinical decision-making”, “AI and 
human expertise”, “AI in medical training”, and “AI in medical education and training”. 
The search process was iterative and snowball-based, incorporating both forward and back-
ward citation tracking from relevant studies identified in the systematic review and through 
additional exploratory readings.

A total of 62 articles were included in the narrative synthesis. These were selected 
based on their conceptual relevance, diversity of perspectives (including empirical studies, 
conceptual papers, reviews, and opinion pieces), and their coverage of both macro- and 
micro-level issues related to human–AI interaction and organizational integration. Inclu-
sion criteria required that articles explicitly address the impact of AI on human expertise, 
professional identity, or clinical decision-making in healthcare or comparable high-stakes 
domains. Studies that did not substantively engage with themes such as the transformation 
of clinical roles, training, or decision-making were excluded.

Each selected article was read in full and systematically analyzed using qualitative the-
matic synthesis. Key themes were extracted through an inductive process and subsequently 
mapped onto a categorization framework developed by the authors, consisting of two 
primary dimensions and seven analytical categories. Several articles from the systematic 
review were intentionally retained in the narrative synthesis to provide cross-dimensional 
insights, thereby ensuring conceptual continuity and enabling a more nuanced contextual 
interpretation. This layered approach facilitated the articulation of emergent patterns, asso-
ciated risks, and potential mitigation strategies related to AI-driven transformations in clini-
cal skills and expertise.
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2.2.1  Scope and categorization

The categorization framework, which underpins our analysis, provides a comprehensive 
view of the subject and is structured around two primary dimensions—Human–AI Interac-
tion and AI Adoption and Integration—encompassing a total of seven categories. The fol-
lowing list presents the complete categorization framework, detailing these two dimensions 
along with their corresponding categories: 

1.	 Human–AI interaction

	● Impact of AI on Human Skills in Organizations
	● Deskilling Types and AI Influence on Clinical Decision Making
	● Physician Expectations and Deskilling Concerns
	● Patient-Centered Considerations, Perspectives and Safety

2.	 AI Adoption and Integration

	● Incorporation of Domain Knowledge in AI Models
	● Training and Education
	● Ethical and Legal Implications

The categories cover various aspects, from clinicians’ interaction with AI in medical work-
flows to AI design, application, and integration within organizational medical processes. 
They also extend to the ethical, social, and legal implications of AI adoption and human–AI 
collaboration in the evolving landscape of medical skills and processes.

Overall, this framework provides a detailed analysis of the relationship between AI and 
healthcare professionals’ skill dynamics, considering implications both organizational and 
ethical perspectives.

3  Results

3.1  Systematic review results

The included articles spanned academic research using qualitative analysis from semi-struc-
tured interviews: Aquino et al. (2023), Hallowell et al. (2023), Akudjedu et al. (2023), Chen 
et al. (2021), Stogiannos et al. (2025) and Parchmann et al. (2024), i.e. studies dealing with 
individuals’ attitudes, beliefs, and opinions about the implementation and impact of AI in 
medical settings; a mini-review (Koplin et al. 2025); a rapid review (Ruskin et al. 2020); 
an essay (Rafner et al. 2022); a mixed methods review (Smith and Baumann 2020); review 
articles using conceptual analysis (Nakagawa et al. 2023; Dias Duran 2021; Duran et al. 
2023; Kayaduvar and Ünal 2023; Monteith et al. 2022; Panesar et al. 2020; Sparrow and 
Hatherley 2019; Choudhury and Chaudhry 2024; Lu 2016; Levy et al. 2019) and opinion 
pieces with critical appraisal methods (Cabitza et al. 2017a; Kashou et al. 2024).

Some articles focused on a specific branch of medicine as follows: radiology (Akudjedu 
et al. 2023; Chen et al. 2021; Stogiannos et al. 2025), neurosurgery (Panesar et al. 2020), 
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anesthesiology (Ruskin et al. 2020; Duran et al. 2023), oncology (Sparrow and Hatherley 
2019), cardiology (Kashou et al. 2024), pathology (Nakagawa et al. 2023), fertility medicine 
(Koplin et al. 2025), geriatrics (Parchmann et al. 2024), psychiatry (Monteith et al. 2022), 
ophthalmology (Levy et al. 2019) and diagnosis of rare diseases (Hallowell et al. 2023).

Nine papers (Dias Duran 2021; Kayaduvar and Ünal 2023; Levy et al. 2019; Lu 2016; 
Nakagawa et al. 2023; Rafner et al. 2022; Smith and Baumann 2020; Aquino et al. 2023) 
established a definition of deskilling that featured a main element: deskilling as the reduc-
tion or decrease of existing skills due to the introduction of technology, in particular, arti-
ficial intelligence. Some papers (Cabitza et al. 2017; Lu 2016; Ruskin et al. 2020; Sparrow 
and Hatherley 2019; Aquino et al. 2023; Levy et al. 2019) also noted some consequences 
and causes of the deskilling phenomenon, and in particular, most of the papers identified 
clinician over-reliance on AI technology as problematic. While some articles explicitly indi-
cating over-reliance as the cause of the deskilling phenomenon (Cabitza et al. 2017), others 
actually considered over-reliance as a potential consequence of deskilling itself (Sparrow 
and Hatherley 2019).

Through systematic analysis, 17 concerns regarding the phenomenon of deskilling were 
identified as presented in Table 2. These themes were classified into categories following the 
classification of clinical skills assessment presented by Elder et al. (2011) and Elder (2018) 
and based on the PACES examination. Clinical skills are generally understood to be the set 
of competencies that medical students and practicing physicians must develop, refine, and 
continually update in order to provide a standard of care to patients. According to a study 
conducted by Michels et al. (2012), “The term [clinical skills] is perceived to include physi-
cal examination skills, practical procedures, communication skills, and treatment/therapeu-
tic skills, with or without integration across these domains.”

The seven categories of skills according to PACES are physical examination, identifying 
physical signs, clinical communication, differential diagnosis, clinical judgment, manag-
ing patient concerns, and maintaining patient well-being. The descriptors of these skills 
proposed by Elder et al. (2011) were initially used as a framework to analyze the concerns 
identified in the systematic review. Through the analysis, it was determined that for the 
purposes of classifying the concerns identified in the studies, the skills “identifying physical 
signs" and “physical examination", as well as the skills “managing patient concerns" and 
“clinical communication" could be grouped into two single categories as they encompassed 
similar aspects found throughout the analysis of the studies included in the review. Further-
more, analysis of these concerns revealed that of the 17 concerns identified in the articles, 
12 could be grouped into the PACES classification, while the remaining 5 did not fit into the 
established categories. Therefore, two additional categories were formulated to group these 
concerns: operational and AI-specific. The operational category included concerns about the 
impact of AI on teamwork in clinical settings or at a systemic level in healthcare institutions. 
The AI-specific category encompassed the concerns related to the use of AI, such as medical 
errors as a result of automation bias or human–model interaction, dependence on AI tools 
that might lead to carelessness and the lack of ability of clinicians to understand and chal-
lenge the AI’s outputs. The full list of concerns mapped onto the PACES classification and 
the two additional categories are presented in Tables 2.
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3.1.1  Physical examination and identifying physical signs

Physical examination is one of the pillars of the diagnostic process, as it allows the physi-
cian to confirm or reject a potential diagnosis, assess the extent of an illness or disease, and 
provides information necessary in order to devise a treatment plan (Simpkin et al. 2017).

Table 2  Concerns identified in the literature on AI-induced deskilling in medicine, linked with specific clini-
cal skills identified by Elder et al. (2011), as well as Organizational and AI-specific skills
Clinical skills Concerns References
Physical exami-
nation and iden-
tifying physical 
signs

Deterioration of physical 
examination skills

Hallowell et al. (2023), Levy et al. (2019), Lu 
(2016), Monteith et al. (2022), Rafner et al. (2022), 
Ruskin et al. (2020)

Deterioration or loss of manual 
skills

Duran et al. (2023), Hallowell et al. (2023), Rafner 
et al. (2022), Ruskin et al. (2020), Smith and Bau-
mann (2020)

Reduction in skill development Aquino et al. (2023), Chen et al. (2021), Monteith 
et al. (2022)

Clinical com-
munication and 
management of 
patients’ concerns

Worsening of the communica-
tion between physicians and 
patients

Aquino et al. (2023), Levy et al. (2019), Lu (2016), 
Parchmann et al. (2024)

Deterioration of the relation-
ship between physicians and 
patients

Akudjedu et al. (2023), Dias Duran (2021), Levy 
et al. (2019), Lu (2016), Rafner et al. (2022)

Differential 
diagnosis

Decrease in diagnostic 
accuracy

Cabitza et al. (2017), Kashou et al. (2024), Rafner 
et al. (2022), Smith and Baumann (2020)

Clinical knowledge and 
interpretation

Choudhury and Chaudhry (2024), Hallowell et al. 
(2023), Koplin et al. (2025), Levy et al. (2019), Na-
kagawa et al. (2023), Rafner et al. (2022), Smith and 
Baumann (2020), Sparrow and Hatherley (2019)

Clinical judgment Poorer clinical reasoning and 
judgment

Aquino et al. (2023), Cabitza et al. (2017), Koplin 
et al. (2025), Levy et al. (2019), Lu (2016), Parch-
mann et al. (2024), Rafner et al. (2022), Smith and 
Baumann (2020)

Unwillingness to provide a 
definitive clinical assessment

Cabitza et al. (2017), Dias Duran (2021), Monteith 
et al. (2022), Rafner et al. (2022)

Poorer clinical decision making Aquino et al. (2023), Dias Duran (2021), Hallowell 
et al. (2023), Koplin et al. (2025), Levy et al. (2019)

Maintaining 
patient welfare

Deterioration of moral skills of 
physicians

Dias Duran (2021), Hallowell et al. (2023), Parch-
mann et al. (2024), Stogiannos et al. (2025)

Undermining patient safety Levy et al. (2019), Rafner et al. (2022)
Organizational Negative impact on the sys-

tem’s integrity
Monteith et al. (2022), Rafner et al. (2022), Smith 
and Baumann (2020), Sparrow and Hatherley (2019)

Negative impact on the clinical 
team’s situational awareness 
and teamwork

Panesar et al. (2020), Smith and Baumann (2020)

AI specific Medical error derived from 
HCI

Panesar et al. (2020), Ruskin et al. (2020)

Dependence on AI tools, de-
creased motivation for in-depth 
research and learning

Akudjedu et al. (2023), Chen et al. (2021), Choud-
hury and Chaudhry (2024), Nakagawa et al. (2023), 
Ruskin et al. (2020)

Inability to understand and 
challenge AI’s outputs

Akudjedu et al. (2023), Choudhury and Chaudhry 
(2024), Kashou et al. (2024), Lu (2016), Panesar 
et al. (2020), Ruskin et al. (2020)
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Six of the articles (Hallowell et al. 2023; Levy et al. 2019; Lu 2016; Monteith et al. 2022; 
Rafner et al. 2022; Ruskin et al. 2020) directly assessed the deterioration of physician skills 
as a concern derived from deskilling due to the implementation of AI, while another three 
(Duran et al. 2023; Smith and Baumann 2020) pointed out the loss of manual skills in gen-
eral, which also includes examination skills, and Aquino et al. (2023); Chen et al. (2021); 
Monteith et al. (2022) remarked on the reduction of skill development. Ruskin et al. (2020) 
presented a discussion about the potential effects of AI in anesthesiology and highlighted 
the consequences of losing manual skills: “Skill at performing a task manually will atrophy 
as practitioners become reliant upon an automated system; as a result, manual skills may 
diminish in humans who rely heavily on automation to manage system failures", thus sub-
scribing to Kleim and Jones (2008)’s principle of Experience-Dependent Neural Plasticity, 
“use it or lose it."

Smith and Baumann (2020) compared the lessons learned of professionals in different 
areas where automation has taken place. Their study highlighted that manual skills can dete-
riorate once the clinician has become dependent on technology, even if these skills had been 
acquired with care through training in medical school. These skills appeared “to degrade 
over time from lack of use of manual methods, reducing the ability to detect, assess and 
respond to situations when automation is degraded or unavailable”. This has problematic 
implications: In the event of technological failure, lack of proficiency in manual examina-
tion techniques could result in a critical inability to diagnose patients accurately, signifi-
cantly increasing the risk of medical errors.

3.1.2  Clinical communication and managing patients’ concerns

Effective communication is an essential part of healthcare, both in providing direct patient 
care and in facilitating efficient clinical and operational processes within healthcare organi-
zations. It includes, but is not limited to, the ability to gather information from a patient in 
a structured and systematic manner through history-taking, the ability to effectively convey 
information to a patient or family member, and the ability to communicate key information 
to another healthcare professional on the team. Clinical communication is closely related 
to the ability to effectively manage the concerns of patients, family members and carers 
because it involves the ability to respond accurately and sensitively to their questions, con-
cerns or challenges, and to demonstrate empathy in such interactions, which requires active 
listening, empathy, and willingness to achieve shared decision making.

Two main concerns were identified in the literature. First, Aquino et al. (2023), Levy 
et al. (2019), Lu (2016) and Parchmann et al. (2024) discussed the potential negative effects 
of deskilling on doctor–patient communication. Lu (2016) argue that a risk of implementa-
tion with AI is that physicians would become preoccupied with reading the results of assess-
ments made by the AI tool instead of focusing on direct interaction with patients. As a result, 
diagnostic reasoning would be negatively affected: “The embodiment and intersubjectivity 
of doctor–patient interactions are critical to reasoning because in clinical settings, diagnos-
tic reasoning is developed based on more training, immediate pattern recognition of patient 
symptoms, and features obtained from face-to-face communication”. Similarly, Parchmann 
et al. (2024) further emphasizes that introducing AI tools to clinical workflows could create 
a model of human–computer interaction that might neglect the important human aspects in 
medical decision-making. They argue that patient communication and emphatic skills in 
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the delivery od care require human competence. If replaced by automated systems, which 
lack these human qualities the principle of beneficence is at risk of being infringed. Second, 
Akudjedu et al. (2023), Dias Duran (2021), Levy et al. (2019), Lu (2016) and Rafner et al. 
(2022) highlighted the deterioration of the relationship between the patient and physician. 
Dias Duran (2021), for instance, discusses the fiduciary nature of the physician–patient 
relationship and the importance of communication within it. This includes, for example, the 
positive impact of making relevant decisions with compassion, appropriately informing the 
patient about these decisions in order to obtain consent and protect their autonomy.

3.1.3  Differential diagnosis

Making a diagnosis is a complex process that requires a range of skills, from factual knowl-
edge about a wide variety of diseases, conditions and syndromes to a keen eye and manual 
skills to examine the patient. The goal of diagnosis is to determine the causes and conse-
quences of a particular abnormal health condition to develop a treatment plan that will 
return the patient to a state of health. However, in many cases, a group of signs and symp-
toms may be indicative of several diagnoses. Thus, the method of differential diagnosis aims 
to determine which one is the correct one. Elder et al. (2011) defines this skill as the ability 
to use clinical information gathered from the clinician’s own assessment of a patient and 
various forms of clinical testing to identify the most likely cause of the symptoms. This skill 
requires the clinician to be able to perform this analysis without extensive preparation and 
under conditions where information might be limited and time might be critical. Regard-
ing this clinical skill, Cabitza et al. (2017), Kashou et al. (2024), Rafner et al. (2022) and 
Smith and Baumann (2020) remarked on the possibility of AI tools to affect the diagnostic 
accuracy of human clinicians, and Choudhury and Chaudhry (2024), Hallowell et al. (2023), 
Koplin et al. (2025), Levy et al. (2019), Nakagawa et al. (2023), Rafner et al. (2022), Smith 
and Baumann (2020) and Sparrow and Hatherley (2019) discussed the decrease in clinical 
knowledge and in the ability to analyze and interpret diagnostic information.

Aquino et al. (2023) conducted a study where interviews were conducted with profes-
sionals in different disciplines, including healthcare. One group of participants expressed 
concerns about losing control over the clinical process due to skill erosion. In particular, one 
participant criticized the idea of AI reducing the case load. Contradicting one of the most 
positively perceived benefits of introducing AI in clinical contexts—namely, the automation 
of repetitive tasks and subsequent decrease in workload—the participant argued that a clini-
cian’s expertise is not necessarily improved by the number of years of experience, but by the 
quantity and difficulty of cases they handle. A reduction of case load would thus reduce the 
chances of clinicians to acquire expertise in baseline cases and also in complex ones. This is 
an example of concerns related to the topic of upskilling inhibition. Furthermore, the study 
conducted by Hallowell et  al. (2023), that examined the views of different stakeholders 
regarding the use of AI tools—such as computational phenotyping—to diagnose rare dis-
eases, found that interviewees remarked on the importance of diagnostic skills as irreplace-
able in the clinical process despite of the portended accuracy of AI tools: “Some argued that 
the input of human expertise was essential to accurate diagnostic decision-making arguing 
that in addition to facial phenotypes there were a range of other phenotypic features and 
subjective aspects of human–decision making that were necessary aspects of diagnosis in 
this context.” Nakagawa et al. (2023), in turn, argued that if clinicians stop exercising their 
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learned diagnostic skills on a regular basis, this would have an particularly devastating 
impact on future clinicians: “if AI triages and manages all the simpler cases automatically; 
in this scenario, pathologists may lose familiarity with the bread-and-butter cases, resulting 
in future generations of pathologists who are no longer facile with the majority of lesions.”

3.1.4  Clinical judgment

Clinical judgment is a critical pillar of any medical decision-making process. This skill 
involves the process of making decisions based on a combination of knowledge, critical 
thinking, and reasoning. The assessment of this skill, according to Elder et al. (2011), focuses 
on evaluating the ability of clinicians to investigate a clinical problem based on information 
gathered about the patient, to present relevant results to the patient, and to subsequently treat 
one or more aspects of the problem. Clinical judgment is therefore a necessary prerequisite 
for clinical decision making. There are three potential negative consequences of deskilling 
related to clinical judgment skills: Poorer clinical reasoning and judgment (Aquino et al. 
2023; Cabitza et al. 2017; Koplin et al. 2025; Levy et al. 2019; Lu 2016; Parchmann et al. 
2024; Smith and Baumann 2020), unwillingness to provide a definitive clinical assessment 
(Cabitza et al. 2017; Dias Duran 2021; Monteith et al. 2022; Rafner et al. 2022), and poorer 
decision-making (Hallowell et al. 2023)

Levy et al. (2019) argue that in the field of ophthalmology, the use of deep learning in 
combination with optical coherence tomography (OCT) has increased diagnostic accuracy 
but also created a new set of challenges. Among them, they cite the deskilling of new profes-
sionals as an undesirable side effect of over-reliance on automation: “(...) as ophthalmolo-
gists in training begin to examine patients and learn about various pathologies, they may be 
inclined to diagnose, treat, or make decisions based solely on OCT and similar sophisticated 
technologies, even without thoroughly examining the patient." Similarly, both (Cabitza 
et al. 2017; Dias Duran 2021) point out that if clinicians become overly reliant on the out-
puts of AI tools, this could, over time, undermine their professional confidence to make a 
definitive clinical assessment unaided and to make decisions based on that assessment. Dias 
Duran (2021) emphasizes that this could become a perpetuating cycle based on the assump-
tion that because AI tools can achieve high accuracy rates, therefore they are always more 
reliable for complex clinical cases.

Finally, Hallowell et al. (2023) touch upon the topic of the new clinical skills that clini-
cians would be required to develop to work in environments where AI tools become the 
standard. In other words, the necessity of reskilling or upskilling of medical professionals. 
They report that: “AI tools were perceived as making the diagnostic process less reliant 
on clinical judgment, thus undermining clinicians’ expertise and potentially compromising 
their ability to validate algorithmic output and identify algorithmic bias." This highlights the 
need to find a balance between meaningful AI involvement that aligns with the needs and 
interests of the clinicians, in accordance with contextual requirements and conditions and 
reinforcing the role of the clinicians so they are able to adapt to the changes brought by the 
technologies and can harness their benefits. While clinical judgment is not a skill that can 
easily be measured unless in practice and closely related with the clinical outcome, the abil-
ity of physicians to make decisions in a timely, efficient, and accurate manner is essential 
to clinical practice. The recurrence of concerns connected with clinical judgment seems to 
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highlight that clinicians are similarly concerned about the deterioration of interpersonal or 
character-based skills as they are with technical ones such as manual skills.

3.1.5  Maintaining patient welfare

Maintaining patient’s welfare points to a broader set of skills that has at its core the relation-
ship between clinicians, patients, and family members. According to Elder et al. (2011), it 
means treating “(...) a patient or relative respectfully and sensitively and in a manner that 
ensures their comfort, safety and dignity". Four articles expressed concern in the potential 
deterioration of the moral skills of physicians (Hallowell et  al. 2023; Dias Duran 2021; 
Parchmann et al. 2024; Stogiannos et al. 2025), and three emphasized on the concern that 
deskilling could undermine the safety of patients (Aquino et  al. 2023; Levy et  al. 2019; 
Rafner et al. 2022).

Levy et al. (2019) noted that deskilling could lead to decreased patient trust, as well as 
increased stereotyping of patients, as also highlighted by Dias Duran (2021). Lack of trust 
from patients can make the diagnostic process more difficult as the patient may not feel con-
fident disclosing all relevant information to their physician and as result obtaining consent 
for procedures or treatment might not be possible. As remarked by Dias Duran (2021), trust 
is an indispensable part of the fiduciary relationship of physicians and patients, even more 
so, when confronted with the introduction of complex technologies.

Similarly, Aquino et  al. (2023) identify three attitudes of interviewees regarding the 
degree of automation and its consequences: Even attitudes that support automation of some 
aspects of the clinical process make clear that tasks that require empathy or a human touch 
should not be automated: “This means that decisions about automation in health care should 
be limited by consideration of the relational or caring aspects of the clinical task in ques-
tion.” In this study, patient safety refers to the emotional, psychological, and moral well-
being of patients, which can be as important as physical or medical safety.

3.1.6  Organizational

During the literature review, we identified concerns that did not fit into the clinical skills 
framework established in Elder et al. (2011). Rather than focusing on deskilling as a phe-
nomenon of individual clinicians, some concerns raised focused on the systemic impli-
cations of workforce deskilling on organizations. Several papers (Sparrow and Hatherley 
2019; Monteith et al. 2022; Rafner et al. 2022) suggested that systems could become more 
fragile, and (Smith and Baumann 2020; Panesar et al. 2020) touched on the negative impact 
on team situational awareness and teamwork.

Rafner et  al. (2022) conceptualized deskilling as a socio-technical phenomenon, i.e. 
where social and technical aspects need to be considered together, and emphasized that 
deskilling due to AI implementation also needs to be understood from an organizational 
perspective. According to them: “(...) the utilization of disruptive advanced technologies 
requires consideration from multiple perspectives taking into account the longer-term 
and the potential short-term gain”. In a similar fashion, Smith and Baumann (2020) touch 
upon the possibility of an organization’s integrity being compromised as a result of lack 
or decreased training opportunities available to the health workforce, especially regard-
ing manual methods, and Sparrow and Hatherley (2019) discuss at length the likelihood 
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of system fragility, where some processes might end up relying entirely on AI technology: 
“the profession as a whole may lose a skill if no one remembers how to perform a task that 
doctors use to perform before the new technologies arrived." These perspectives reinforce 
the argument that deskilling and upskilling inhibition must be studied and addressed not as 
an isolated cognitive phenomena but acknowledging the systemic factors that play a role 
and the consequences at the organizational level, that thus affect institutions and potentially, 
healthcare sectors as a whole.

3.1.7  AI-specific

The last group of concerns identified in the systematic review were related to the function-
ing of the technology itself, or derived specifically due to its implementation. There are 
three types of concerns: First, Panesar et al. (2020); Ruskin et al. (2020) highlighted the 
potential of medical error derived from Human–Computer interaction (HCI). Panesar et al. 
(2020) frames the issue of technical errors in the context of the deterioration of clinical 
skills development. According to the authors, in an unexpected situation where the model 
or equipment malfunctions or is unavailable, a deskilled professional is more likely to make 
an error, which could create the need for additional supervision, increase the likelihood of 
medical errors, or have a negative impact on the overall clinical workflow.

Second, Akudjedu et al. (2023); Chen et al. (2021); Nakagawa et al. (2023); Monteith 
et al. (2022); Ruskin et al. (2020) remark on the increased dependence of clinicians on AI 
tools as they become increasingly ubiquitous within clinical workflows. This dependence 
goes hand in hand with automation bias, defined as the tendency of a user to attribute author-
ity or excessive trust to an AI tool over advice from other sources. Monteith et al. (2022) 
argues that a consequence of such a phenomenon is that users, in this case clinicians, follow 
incorrect advice despite information to the contrary or even personal training. Similarly, 
Ruskin et  al. (2020) suggests that “automation bias may lead a clinician to over-rely on 
alerts and prescribe medications only when suggested by clinical decision support or com-
puterized provider order entry." Panesar et al. (2020) point out that a consequence of such 
dependence and the loss of critical skills could come to the detriment of patients or other 
clinicians in the case of unexpected scenarios, such as a system malfunction or missing 
equipment.

Finally, Kashou et al. (2024); Lu (2016); Choudhury and Chaudhry (2024) speak about 
the problematic implications of poor or lack of understanding about the functioning of the 
AI tools and the resulting inability to identify when could be appropriate or even necessary 
to challenge AI’s outputs. Choudhury and Chaudhry (2024), for instance, argue that the suc-
cessful integration of highly complex models such as LLMs would depend largely on the 
epistemic difference between professionals with more experience and clinical judgment and 
those who would use the tools precisely because they lack them.

3.1.8  Visualizations

To visually present the results of the systematic review, we used the tools Litmaps and 
VOSviewer. Figure 2, generated via Litmaps, shows the distribution of sources included in 
the review according to momentum, i.e. the number of citations (updated to February 2025) 
on the Y-axis and the year of publication on the X-axis. This visualization maps direct cita-
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tion links among publication, highlighting how studies build upon one another. Given that 
the criteria of the systematic review only included papers that meaningfully discussed the 
phenomenon of deskilling due to the implementation of AI models in the medical sector, 
this visualization shows that the topic of deskilling of medical professionals has not yet been 
widely researched within the time frame of the review.

To analyze the interconnections and core concepts within the reviewed literature, we 
employed VOSviewer’s Network Visualization feature to generate two distinct visual repre-
sentations: bibliographic coupling (Fig. 3) and concept occurrence (Fig. 4).

The bibliographic coupling network (Fig.  3) reveals the extent to which publications 
share common references, offering insight into thematic coherence and intellectual clus-
ters within the literature. This method allows for the identification of conceptually related 
works, even if they do not cite each other directly.

The text-based network visualization (Fig. 4) further illustrates the conceptual landscape 
of the reviewed literature. This approach identifies key terms and their relationships based 
on text extracted from the title and abstract fields of 21 retrieved documents, excluding 
structured abstract labels and copyright statements. Using full counting, we selected terms 
with a minimum of five occurrences and applied a relevance score to retain the 60% most 
relevant terms, resulting in 13 selected items. The network reveals how concepts cluster 
together, highlighting thematic structures and key research topics. Notably, the term deskill-
ing (Cluster 1) exhibits strong connectivity, with 10 links, a total link strength of 58, and 
eight occurrences, underlining its central role in discussions on AI’s impact on professional 
expertise

By complementing the citation and bibliographic coupling analyses (Figs. 2 and 3) with 
this term co-occurrence analysis, we gain a more comprehensive understanding of the 
research landscape—in terms of direct academic influence as well as underlying conceptual 

Fig. 2  Network visualization generated on Litmaps according to momentum: Citation count on the y-axis 
and publication date on the x-axis. The size of the node represents the connectivity, i.e. the number of 
citations of each article within this map
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commonalities, tracing the intellectual structure of the literature and the core concepts shap-
ing current discourse.

3.2  Narrative review results

The outcome of this narrative review maps the academic discourse on AI-induced deskill-
ing and upskilling inhibition in medicine. It highlights the current challenges, open ques-
tions, and future directions in this evolving field. Our analysis aims to provide healthcare 

Fig. 4  Network visualization of term co-occurrence generated by VOSviewer. Text data were extracted 
from the title and abstract fields of 21 retrieved documents, applying full counting with a minimum occur-
rence threshold of five. Based on relevance scoring, 13 terms were selected, grouped into three clusters. 
The network consists of 54 links with a total link strength of 620. Notably, Deskilling (Cluster 1) has 10 
links, a total link strength of 58, and eight occurrences, highlighting its prominence in discussions on AI’s 
impact on expertise

 

Fig. 3  Network visualization of bibliographic coupling generated by VOSviewer. Each node represents a 
document, with edges indicating shared references. Thicker lines denote stronger coupling strength, re-
flecting the number of cited references two publications have in common. Out of 22 documents analysed, 
VOSviewer retrieved 21, displaying the largest connected set (n = 20), grouped into five clusters. The 
network comprises 61 links with a total link strength of 89, illustrating conceptual relationships between 
studies
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professionals, policymakers, and AI developers with a comprehensive understanding of the 
implications of AI in healthcare, guiding more informed and ethically sound decisions in the 
integration of AI technologies in medical practices.

In what follows, we will present each pillar of our categorization framework by outlin-
ing their specific importance for depicting the current scenario of deskilling and upskilling 
inhibition issues, with the aim to contribute to identify, categorize and tackle the broad set 
of issues, open challenges and future directions of AI-induced deskilling and skill evolution 
and perception in the medical and clinical domain. A summary of the most salient themes 
is presented in Table 3.

Theme Concerns & 
opportunities

References

Over-reliance and 
critical thinking 
erosion

Automation bias, 
diminished clini-
cal judgement, and 
reduced diagnostic 
reasoning due to 
habitual deferral to AI 
outputs

Campbell et al. (2020), 
Monteith et al. (2022), 
Cabitza et al. (2017a), 
Green 2019), Wes-
sel (2023), Kapoor 
et al. (2019), Cabitza 
(2021), Lu (2016), 
Banerjee et al. (2021)

Professional role 
transformation

Shift from clinician to 
supervisor; redefini-
tion of professional 
identity; loss of au-
tonomy; devaluation 
of tacit knowledge

Mosch et al. (2022), 
Sambasivan and 
Veeraraghavan (2022), 
Kundu (2021), Rafner 
et al. (2022), Aslam 
and Hoyle (2022)

Training and edu-
cation challenges

Need to revise cur-
ricula; ensure skill 
preservation; promote 
AI literacy while 
maintaining human 
competencies

Lu (2016), Zulkipli 
et al. (2023), Banerjee 
et al. (2021), Zhang 
et al. (2023), Rao 
(2023), Vallor (2015)

Ethical and moral 
deskilling

Decline in ethical 
sensitivity and moral 
judgement; challenges 
to human accountabil-
ity and responsibility 
gaps

Vallor (2015), Dias 
Duran (2021), Hallow-
ell et al. (2023), Iqbal 
et al. (2022), Da Silva 
et al. (2022), Gerke 
et al. (2020), Drabiak 
et al. (2023)

Socio-technical 
vulnerabilities

Increased system 
fragility; technical 
dependency; inability 
to verify or override 
AI failures; broader 
societal and legal 
consequences

Sparrow and Hatherley 
(2019), Panesar et al. 
(2020), Aquino et al. 
(2023), Hoff (2011), 
Tsai et al. (2003), 
Drabiak et al. (2023), 
Cabitza et al. (2017a), 
Morley et al. (2020)

Human–AI Syn-
ergy and mitigation 
potential

Recognition of hybrid 
intelligence; potential 
for skill enhancement 
and resilience through 
thoughtful integration 
and role delineation

Rafner et al. (2022), 
Aslam and Hoyle 
(2022), Nelson et al. 
(2020), Kundu (2021), 
Mofatteh (2021)

Table 3  Salient cross-cutting 
themes emerging from the nar-
rative review, and associated 
concerns or opportunities with 
representative references
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3.2.1  Human–AI interaction

Human–AI interaction is the dimension that captures the nature and degree of interaction 
between human actors and AI systems in the healthcare context. It ranges from low to high, 
depending on the level of automation (Parasuraman et al. 2000), collaboration, and coordi-
nation of human and AI agents. It also reflects the balance of power, control, and responsi-
bility between human and AI actors. This dimension is important for our framework, as it 
reveals how AI affects the skills, roles, and identities of healthcare workers, such as physi-
cians, nurses, and technicians, as well as the expectations, perspectives, and outcomes of 
healthcare consumers, such as patients, caregivers, and insurers. Human–AI interaction also 
influences the quality, safety, and ethics of healthcare delivery, as well as the innovation, 
learning, and adaptation of healthcare practice.

3.2.1.1  Impact of AI on human skills in organizations  This category focuses on the effects 
of AI on the cognitive, psychomotor, and social skills of healthcare workers, as well as the 
challenges and opportunities for reskilling, upskilling, and deskilling in the age of AI.

Morandini et al. (2023) conducted a narrative review analyzing the research and prac-
tice on the impact of AI on human skills in organizations, shedding light on the phenom-
enon of upskilling and reskilling. The authors then examine how the introduction of AI 
impacts the skills required by workers and how AI can support the upskilling and reskilling 
of employees. The paper discusses the implications for human resource management and 
organizational development, which is crucial in understanding how AI may affect the skills 
of healthcare professionals and the potential for upskilling inhibition in the medical field.

Furthermore, Christopher J et al. (2019) highlighted key challenges in delivering clinical 
impact with artificial intelligence, emphasizing the difficulties in understanding the inner 
workings of AI models and the implications of their decisions. This is essential in compre-
hending the potential deskilling effects of AI in medicine and the barriers to upskilling due 
to the complexity of AI technologies.

In addition, Malik et al. (2019) provided an overview of artificial intelligence in medi-
cine, offering insights into the practical implementation of AI technologies in the medi-
cal field. Following (Schemmer et al. 2021), understanding the practical aspects of AI in 
medicine is crucial for evaluating its impact on human skills and the potential for deskilling 
and upskilling inhibition. The authors highlight the drawbacks of AI-based automated deci-
sion-making, including deskilling of knowledge workers. They propose Intelligent Deci-
sion Assistance as a new class of DSS, which would support knowledge workers without 
influencing them through automated decision-making, using techniques of explainable AI 
(Schemmer et al. 2021).

Aslam and Hoyle (2022) discuss the broad range of skills that clinicians should develop 
or refine to fully embrace the opportunities that AI technology will bring. The authors high-
light the need for an awareness to identify AI systems that might already be in place and the 
need to properly assess the utility of their outputs to correctly incorporate the AI system into 
clinical workflows. They also stress the need for clinicians to cultivate those human skills 
that are beyond the capabilities of AI systems, and which should be just as important as 
ever, with the aim to create an harmonious synergy between educated human and machine 
interaction for the best possible patient experience and care.
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Rafner et al. (2022) examine the impact of AI on the skills and competencies of workers 
in various domains, including healthcare. They argue that AI can both de-skill and up-skill 
workers, depending on the level of human–AI interaction, the nature of the tasks, and the 
design of the AI systems. The paper also discusses the concept of Hybrid Intelligence, first 
proposed in Dellermann et al. (2019), as a form of human-centered AI that aims to achieve 
mutual learning and collaboration between humans and machines: Hybrid Intelligence can 
help workers to re-skill, that is, to acquire new skills and competencies that are relevant 
and valuable in the age of AI. Combining human and artificial intelligence can mitigate the 
risks of deskilling while maximizing the benefits of AI. This approach suggests a symbiotic 
relationship between humans and AI, where each compensates for the other’s limitations 
(Rafner et al. 2022).

Moreover, Rao (2023) emphasized the urgent need for healthcare workforce upskilling 
and ethical considerations in the era of AI-assisted medicine. This reference is particularly 
relevant as it directly addresses the phenomenon of upskilling inhibition in the medical 
domain due to the integration of AI technologies.

3.2.1.2  Deskilling types and AI influence on clinical decision-making  This category 
addresses the causes and consequences of deskilling for workers, organizations, and soci-
ety, as well as the specific implications of AI-induced deskilling, especially in the medical 
domain where human judgment and empathy are essential.

In the medical domain, the influence of AI on deskilling has been a topic of significant 
interest. Various dimensions of deskilling have been identified, including technical deskill-
ing, decision-making deskilling, moral deskilling, and semiotic deskilling.

Technical deskilling refers to the reduction in the skills required to perform certain tasks 
due to the automation and AI-driven tools (Dias Duran 2021). Decision-making deskill-
ing involves the reliance on AI algorithms for clinical decision-making, potentially lead-
ing to a decrease in critical thinking and diagnostic skills among healthcare professionals 
(Green 2019; Wessel 2023). Social deskilling involves the erosion of interpersonal skills 
and patient interaction as AI systems take over certain aspects of patient care (Winter and 
Carusi 2022b). Moral deskilling refers to the potential reduction of human users’ ability 
to make appropriate moral judgments and decisions due to over-reliance on technological 
developments, as envisioned by Vallor (2015). Semiotic deskilling refers to weakening of 
the human ability to interpret situations, which can exacerbate medical over-use (Cabitza 
2021). Therefore, it is strictly related to semiotic desensitization, which is the progressive 
decrease of responsiveness and sensitivity of physicians with respect to heterogeneous signs 
deriving from the patients they interact with, in favor of data provided by electronic patient 
records, registries, and decision support systems (Cabitza 2017).

In the literature, some possible ways to prevent or mitigate different deskilling types are 
discussed, as in case of moral reskilling or upskilling, which involve the learning of new 
moral skills or enhancing existing ones through education, training, or reflection (Vallor 
2015). These dimensions of deskilling have implications for healthcare workers and orga-
nizations, including concerns about job satisfaction, patient safety, and the overall quality 
of care.
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3.2.1.3  Physician expectations and deskilling concerns  This category explores the expecta-
tions and concerns of physicians regarding the use of AI in their practice, as well as the bar-
riers and facilitators for the integration of AI in their workflow. It also analyzes the impact 
of AI on the professional identity, autonomy, and satisfaction of physicians.

Overall, the integration of AI in medical practice has raised concerns and expectations 
among physicians. Physicians’ expectations include the potential for AI to predict clinical 
events, improve diagnostic accuracy, and reduce the burden of disease (Maassen et al. 2021). 
However, there are concerns about the deskilling of clinicians due to increased reliance on 
AI (Campbell et al. 2020). There are also concerns that the implementation of certain AI 
systems may lead to the deskilling of ward doctors and nurses in relation to their ability to 
care for deteriorating patients (Bunch et al. 2023). Furthermore, Hoff, (2011) emphasized 
that deskilling among primary care physicians is influenced by both their actions and the 
pressures in their work context, suggesting that the impact of AI on deskilling or upskilling 
may be multifaceted.

To identify and analyse the issues related to deskilling concerns among healthcare pro-
fessionals and stakeholders, Aquino et al. (2023) conducted a qualitative study exploring the 
views of professionals involved in the development, deployment and regulation of health-
care AI. The paper aims to understand how these professionals perceive the potential ben-
efits and risks of AI-enabled automation in healthcare work, and what values and priorities 
they have for healthcare work and its relationship to AI. The authors used a constructivist 
grounded theory approach to analyze data from 72 semi-structured interviews with experts 
from various disciplines and sectors. The research led to identify three main issues that 
shape the professional perspectives on AI and deskilling: the extent of automation, the qual-
ity of clinical skills, and the model of healthcare work. The paper argues that these issues 
reflect different values and assumptions about the nature, purpose and value of healthcare 
work, as well as different expectations about the role of technology in improving or harming 
clinical outcomes (Aquino et al. 2023). All these findings stress the importance of address-
ing physicians’ concerns and expectations regarding the integration of AI in medical prac-
tice to ensure effective and ethical use of AI technologies.

3.2.1.4  Patient-centered considerations, perspectives and safety  Patient perspectives on 
AI-induced deskilling are crucial in understanding the impact of AI on healthcare delivery. 
This category explores the views and experiences of patients regarding the use of AI in 
healthcare, in the context of AI-induced deskilling and upskilling inhibition of healthcare 
workers. It also examines the factors influencing patients’ trust, acceptance, and control of 
AI, as well as the potential benefits and risks of AI for healthcare quality and safety, particu-
larly concerning its potential relationship to deskilling.

Nelson et al. (2020) found that most patients are receptive to the use of AI for skin can-
cer screening within the framework of human–AI symbiosis, indicating a positive attitude 
towards AI integration in medical diagnosis. Nevertheless, the study shows that patients 
are aware of the potential human deskilling induced by AI, as it was reported among the 
perceived risks (Nelson et al. 2020).

Lennartz et al. (2021) conducted a questionnaire study to investigate patients’ opinions 
on the use of AI in different aspects of the medical workflow and the level of control and 
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supervision under which they would deem the application of AI in medicine acceptable, 
shedding light on patient-centered considerations over the control of AI-induced deskilling 
in medical processes. According to the obtained results, patients would trust physicians over 
AI in most clinical capabilities, while notable exceptions are related to basing treatment 
decisions on the most current clinical knowledge (Lennartz et al. 2021).

Winter and Carusi (2022a) reported both professional and patient expectations related to 
AI-supported diagnosis of pulmonary hypertension, finding that concerns related to deskill-
ing deriving from over-reliance are common among patients and professionals.

Monteith et al. (2022) discuss various challenges related to the implementation of AI 
in psychiatry. The authors point out that the introduction of AI in psychiatry may lead to 
deskilling through automation bias and workflow changes. Therefore, over-reliance on AI 
recommendations is pointed out as a crucial point, leading to a reduction in critical thinking 
and decision-making skills. Additionally, workflow changes driven by AI implementation 
may lead to a shift in the skill set required for certain tasks, potentially resulting in deskill-
ing. Furthermore, the authors also highlight the possible issues related to safety, especially 
when thorough human oversight is needed, as the progressive automation of complex tasks 
in the overall workflow could lead to negative impacts for safety (Monteith et al. 2022).

3.2.2  AI adoption and integration

This dimension captures the organizational and institutional aspects of AI adoption and 
integration in the healthcare context, as regards the potential or actual relationships with 
deskilling. It also reflects the degree of acceptance, readiness, and trust of AI systems among 
healthcare stakeholders, assessing how such factors influence the presence or risk of deskill-
ing. Findings span across the themes of domain knowledge incorporation in AI, the evolving 
role of education and training, as well as ethical and legal implications.

3.2.2.1  Incorporation of domain knowledge in AI models  This category focuses on the 
integration of domain knowledge, such as medical knowledge, into AI models. In our 
framework, this category can help to identify and understand the actual trade-off between 
the utility of incorporating specific domain knowledge into the AI models and systems used 
in the healthcare field, and their influence on the emergence, presence, or maintenance of 
deskilling or upskilling inhibition.

Overall, the incorporation of domain knowledge into AI models has raised concerns 
about AI-induced deskilling, especially in areas where domain experts are essential. In a 
broad perspective, Sambasivan and Veeraraghavan (2022) have highlighted how AI devel-
opment, particularly in low-resource contexts, often results in the deskilling of local domain 
experts: in these scenarios, domain experts are frequently relegated to the role of data 
collectors, performing standardized tasks to create datasets. This process often overlooks 
the nuanced and in-depth knowledge these experts possess. As a result, there’s a growing 
argument for re-envisioning the role of domain experts in AI development, advocating for 
their involvement as full-range technical experts who co-create datasets and models. This 
approach recognizes the value of their expertise beyond mere data collection, emphasizing 
a partnership that leverages their deep domain knowledge for more effective and contextual 
AI solutions (Sambasivan and Veeraraghavan 2022).
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The incorporation of domain knowledge in AI models can lead to deskilling in medi-
cine due to the potential over-reliance on AI systems, which may result in reduced criti-
cal thinking and decision-making skills among healthcare professionals: Campbell et  al. 
(2020) studied the application of AI for diagnosis and management of glaucoma in adults, 
reporting concerns that deskilling could be stimulated by increasing reliance on automated 
image analysis, leading to lower clinicians’ ability to make decisions based on clinical signs. 
Kapoor et al. (2019) stress the risky limitation of incorporating AI and automated decision 
systems in medicine, since it could boost deskilling by reducing the physicians’ ability to 
make informed decisions, form critical opinions according to the whole set of patients’ signs 
and symptoms. As a case study, they report the study of Tsai et al. (2003), which shows that 
the diagnostic accuracy of internal medicine residents decreased when electrocardiograms 
were incorrectly annotated by a computer-aided system.

3.2.2.2  Education and training  This category examines the needs and methods for evolving 
medical education and training in the age of AI, in order to prepare and equip healthcare 
workers with the necessary knowledge, skills, and attitudes to work with AI systems.

Education and training can help to prevent or overcome the potential deskilling or 
upskilling inhibition of healthcare workers, by providing them with more competencies and 
evolving technical skills, as well as more innovation, adaptation, and resilience. As AI takes 
over more routine, data-intensive tasks, the risk of an impressive shift of needed skills for 
healthcare professionals necessitates a reevaluation of medical training and practice, where 
the role of the healthcare professional might evolve from being the primary diagnostician to 
more of a supervisor or manager of patient care, integrating AI insights into a holistic treat-
ment approach (Kundu 2021).

Lu (2016) discusses the impact of medical technology on health care, especially on the 
cognitive skills and communication abilities of doctors, and considers the advancement of 
education and the evolution of training to physicians an essential pillar in managing the 
many wide-ranging impacts of technology in the medical field. Overall, the paper argues that 
technology can negatively affect doctor-patient interactions, physical examination skills, 
and clinical knowledge development. According to this study, three possible approaches to 
medical education and professional development to help doctors better understand and use 
technology in their practice. The approaches are: (1) providing training on using medical 
technology, emphasizing the importance of not undervaluing medical technology while pro-
moting its optimal use, (2) helping students recognize the importance of clinical evidence, 
stressing the need for healthcare professionals to focus on evidence from patient history 
and physical examinations in clinical decision-making, and (3) helping doctors establish 
autonomy while interfacing with medical technology, which involves building confidence in 
their medical judgment, especially as they gain experience (Lu 2016). This study underlines 
the importance of maintaining a balance between delegating tasks to machines and ensuring 
that human doctors do not lose their critical role and skills in the medical process. It urges 
doctors to take control of when, how, and why to use technology, rather than letting technol-
ogy dictate these aspects.

Banerjee et  al. (2021) performed a survey of trainee doctors’ perceived impact of AI 
technologies on clinical training and education at UK NHS postgraduate centers in London 
in 2020: the respondents expressed mixed perceptions of AI’s impact on their training, with 
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concerns about reduced development in clinical judgment and practical skills due to reli-
ance on AI systems. However, they also acknowledged AI’s potential to improve training 
in research and audit.

Also, there are proposals for integrating AI-based research projects into medical edu-
cation, focusing on the importance of ethical use and critical understanding of AI tools 
(Zulkipli et al. 2023).

Importantly, this evolution of the medical training curricula has to be carefully designed 
and implemented, since the misuse of conversational agents and generative AI could nega-
tively impact the educational targets and the clinicians’ skills: Zhang et al. (2023) express 
the concern of the over-reliance on ChatGPT as the primary source of information in train-
ing exams and assignments, leading to cheating and risky impact on the trainee’s curricula.

Overall, while AI has the potential to upskill medical professionals by providing them 
with tools for more efficient and accurate work, there’s a simultaneous risk of deskilling, 
particularly in areas requiring deep clinical judgment and decision-making. Balancing these 
two aspects is crucial for the future of medical education and training (Zhang et al. 2023).

3.2.2.3  Ethical and legal implications  This category examines the ethical and legal issues 
and challenges that arise from the use of AI in healthcare, such as the impact on human 
dignity, rights, and values, the responsibility and liability for AI decisions and actions, and 
the regulation and governance of AI systems. It is relevant for our framework, as it reveals 
how AI can affect the potential deskilling or upskilling inhibition of healthcare workers, by 
influencing their professional identity, autonomy, and satisfaction, as well as their ethical 
awareness and judgment.

The integration of AI in medicine raises significant ethical and legal concerns, par-
ticularly regarding the potential deskilling of healthcare providers. Overall, the potential 
deskilling of clinicians due to increased reliance on AI is a significant concern, since the 
inclusion of AI in medical processes may lead to changes in job profiles of physicians and 
demands for new categories of medical professionals (Mosch et al. 2022).

The ethical and legal challenges of AI in medicine extend to patient privacy, access to 
high-quality data, and the over-reliance on AI by healthcare professionals (Iqbal et al. 2022).

Furthermore, the use of AI in healthcare has the potential to undermine the patient-pro-
vider relationship, contribute to the deskilling of providers, and introduce algorithmic bias 
that may be challenging to detect (Da Silva et al. 2022; Gerke et al. 2020).

Gerke et  al. (2020) also underline the possible implications of transparent algorithms 
in the medical processes, which could lead to transformations of the diagnostic processes 
beyond the skills of clinicians (and also patients) to understand.

Over-reliance has concrete ethical implications in medicine: Iqbal et al. (2022) reported 
the concrete risk that it could lead to neurosurgeons not learning, acquiring and mastering 
the needed surgical skills and techniques. Also (Mofatteh 2021) expresses similar concerns, 
while reporting both potentially positive and negative implications of the use of AI in neuro-
surgery: on the one hand, he agrees that AI could lead to over-reliance and discouragement 
in acquiring the learning skills required to become experts of surgical techniques; on the 
other hand, it points out the possibility of creating a virtuous skills synergy between AI and 
human skills, to make them collaborate positively and expand the techniques of neurosur-
geons, avoiding deskilling.
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Similarly, Panesar et al. (2020) discuss both the potential benefits and the risks associated 
with the increasing use of AI in neurosurgery, highlighting the implications of deskilling in 
the field. According to the study, this deskilling could be due to factors like over-reliance 
on AI, poor understanding of AI processes, overconfidence, and a lack of necessary vigi-
lance in an automated clinical workflow. A key relevant consideration reported is related to 
manual skills: as regards specifically neurosurgery, the authors speculate that maintaining 
a core emphasis on manual skills may lessen de-skilling: though, in practice this could be 
difficult to uphold, due to external constrains and the ethical duty to provide patients with 
the best possible treatment available (Panesar et al. 2020).

Furthermore, the ethical, legal, and societal implications of using AI systems in breast 
cancer care have been reviewed, highlighting the need to address these implications: accord-
ing to Carter et al. (2020), in case of breast cancer evaluation, deskilling could be avoided 
by including AI as a support or further check to existing human readers’ decision, rather 
than replacing readers, as well as by revealing AI outputs only after human decisions have 
been made.

Morley et al. (2020) reveal how the risk of AI-induced deskilling of practitioners, due to 
the over-reliance on AI and machine diagnostics, not only is a problem for the individuals 
(both the clinicians and the patients involved in the diagnostic process), but it also introduces 
a broader societal effect, since it could lead to repeated ethical concern of misdiagnosis or 
missed diagnosis, potentially affecting hundreds or even thousands of people during time.

Moreover, serious disruptions of performance or inefficiencies may occur in case the 
exploited technology fails or breaks down (Cabitza et al. 2017a).

Drabiak et al. (2023) extend the scenario of the ethical, societal and legal implications of 
AI-induced deskilling as a consequence of over-reliance on AI and machine learning: they 
foresee a scenario where eventually the human medical know-how will decrease to a point 
where physicians has only the possibility to perform simple checks on the machine, while 
losing the ability to identify, select and correct AI errors. In a broader social and ethical 
perspective, such a situation will lead to a society where AI will totally assume the respon-
sibility for healthcare outcomes. On the other hand, according to the authors, deskilling will 
also impact the continuous improvement of AI algorithms, making it harder to train new 
and improved systems: since the legal standards of care evolve alongside AI intervention, 
inclusion and adoption in medical processes, it will be necessary to make them evolve to 
both incentivize clinicians to use technology, but avoiding stimulating over-reliance on it, to 
avoid misuse and potential individual, social and legal problems.

4  Discussion and research agenda

To our knowledge, this literature review is the first of its kind to investigate the under-stud-
ied phenomena of AI-induced deskilling and upskilling inhibition in the medical field using 
a mixed-method approach. Leveraging systematic and narrative review methodologies, this 
study sheds light on how AI reshapes clinical roles, workflows, and decision-making pro-
cesses in terms of deskilling dynamics, presenting both challenges and opportunities for 
skill acquisition, enhancement and maintenance for healthcare professionals.

Given the frontier nature of the concepts of AI-induced deskilling and upskilling inhi-
bition, the structured approach of the systematic tackled a carefully curated corpus of 
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22 papers, presenting a structured exploration of this niche literature. This was achieved 
through the application of the PRISMA methodology, prioritizing the highest quality of evi-
dence and relevance, in a commitment to depth over breadth. The review revealed concerns 
over AI’s influence on clinical judgment, including its potentially deskilling influence in the 
practices of differential diagnosis and physical examinations. Furthermore, it addresses the 
challenges AI poses to clinical communication, patient relationships, and overall clinical 
workflow, underlining the comprehensive range of AI’s potential unintended consequences 
on professional medical skills.

The narrative review widened the scope of the research, considering a wide-ranging 
set of 62 papers. This comprehensive approach enabled us to examine a wide range of 
implications and challenges, organizing the discourse into two primary macro-dimensions: 
Human–AI Interaction (Sect. 3.2.1) and AI Adoption and Integration (Sect. 3.2.2).

Under Human–AI Interaction, we explored the impact of AI on organizational roles and 
human skills, identified various types of deskilling and AI’s influence on clinical decision-
making processes, and assessed physicians’ expectations alongside their apprehensions 
regarding deskilling. Patient-centered considerations and perspectives on safety further 
enriched our understanding of AI’s role in healthcare from a multi-stakeholder perspective.

The second macro-dimension, AI Adoption and Integration, scrutinized the critical incor-
poration of domain knowledge into AI models, highlighting the imperative of aligning AI 
advancements with educational and training frameworks. This segment also confronted the 
ethical and legal implications of AI in healthcare.

The systematic and narrative reviews converge on several key themes, highlighting 
shared concerns and implications regarding AI-induced deskilling and upskilling inhibition 
in healthcare. First, both reviews underline the pervasive issue of clinician over-reliance 
on AI systems, a tendency linked to automation bias, reduced critical thinking capabilities, 
diminished diagnostic reasoning, and declining clinical judgement. This over-reliance is 
problematic as it leads to a progressive under-utilisation of valuable human expertise and 
decision-making abilities essential in medical practice.

Additionally, the reviews highlight the possibility of a profound transformation of pro-
fessional roles, with clinicians increasingly relegated to supervisory roles rather than active 
decision-makers. This shift has important implications for professional identity, autonomy, 
and the retention of tacit knowledge, potentially altering fundamental aspects of clinical 
practice and professional self-conception.

Training and curricular adaptation emerge consistently as another critical theme. There 
is an urgent need for medical education to integrate AI literacy comprehensively, while 
carefully preserving foundational clinical competencies, including manual skills and clini-
cal reasoning. This balance is crucial to prevent the inadvertent displacement of essential 
human expertise, ensuring that healthcare professionals can effectively interpret, manage, 
and oversee AI-driven processes.

Ethical and moral deskilling is also emphasised, characterised by declining ethical sen-
sitivity, weakened moral judgement, and growing challenges related to accountability. 
The opacity and complexity of automated decision-making processes complicate the clear 
attribution of responsibility, potentially diluting clinicians’ ethical engagement and moral 
agency in patient care.

Moreover, the reviews caution against significant socio-technical vulnerabilities arising 
from high levels of AI dependency. Increased reliance on AI technologies introduces organ-

1 3

Page 25 of 40    356 



C. Natali et al.

isational fragility, disrupts teamwork and situational awareness within clinical teams, and 
generates broader legal and safety implications. These vulnerabilities necessitate careful 
consideration of organisational resilience strategies and clear guidelines on human over-
sight and accountability.

On an optimistic note, both reviews recognise the potential benefits associated with 
hybrid intelligence as thoughtfully designed human–AI collaborations capable of enhancing 
rather than diminishing clinical skills. Hybrid intelligence frameworks offer practical path-
ways for mitigating deskilling risks through reflective interactions, complementing human 
skills, and fostering professional adaptability and continuous learning.

Despite these valuable insights, significant gaps remain evident in the current literature. 
Particularly, there remains a conflation between genuine skill erosion and the phenomenon 
of upskilling inhibition. Additionally, there is an absence of clearly defined metrics and 
structured approaches to empirically assess deskilling and upskilling inhibition in practice. 
Addressing these gaps through targeted research and practical intervention frameworks will 
be essential for maximising the benefits and minimising the risks associated with the inte-
gration of AI in healthcare.

4.1  Ethical implications of deskilling in expert work

AI-driven deskilling raises ethical concerns that extend beyond immediate performance 
gaps to normative considerations, touching on professional integrity and public trust. In 
medicine, the loss of clinician abilities due to AI reliance has prompted questions about 
what ought to be done to safeguard patient welfare in light of these emerging risks and 
responsibilities. These concerns are not unique to healthcare. Other high-stakes fields––law, 
aviation, finance––face parallel risks as experts increasingly lean on AI. Thus, exploring the 
ethical dimension of deskilling means scrutinising the consequences of having a deskilled 
workforce and determining what should be done to mitigate harm and maintain trust in care 
delivery. Below, we examine four dimensions of ethical implications (technical skills, moral 
skills, individual responsibility/autonomy, and organisational capacity) using healthcare as 
a primary context and drawing comparisons to these domains.

4.1.1  Technical skills and expertise

Heavy reliance on AI can erode the technical skills and domain expertise of human profes-
sionals, raising ethical issues around competence and safety. Most of the articles included 
in the systematic review focused on deskilling in medicine from a technical or clinical per-
spective, and among them, the main concerns were the deterioration or loss of manual skills 
and of specialized clinical skills. Among the most frequently reported concerns were the 
deterioration or loss of manual skills and the erosion of specialised clinical competencies. A 
comprehensive review of empirical evidence indicates that trainees’ retention of technical 
skills, such as procedural accuracy and speed, declines markedly when opportunities for 
hands-on training are reduced (de Andres Crespo et al. 2025).

This degradation in practitioners’ manual dexterity, diagnostic acumen, or decision-
making capabilities, whether driven by over-reliance on AI or a lack of practical engage-
ment, poses significant risks for healthcare delivery in terms of quality and acceptability 
(Weidener et al. 2024), resulting in suboptimal or even harmful patient outcomes. This sce-
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nario represents a breach of core bioethics principles (Beauchamp and Childress 1994), as it 
undermines beneficence (the obligation to act in the patient’s best interest) and violates non-
maleficence (the duty to “do no harm”). Every patient entrusts their well-being to healthcare 
professionals under the assumption that those professionals possess the requisite skills – an 
assumption enshrined in the clinician’s ethical duty of care. If AI-induced deskilling leads 
to a loss of critical clinical competencies, it directly challenges that duty of care and the 
covenant of trust between patient and provider.

Similar patterns appear in other fields, such as aviation: here, extensive automation has 
been linked to a decline in pilots’ manual flying and monitoring skills. The U.S. Federal 
Aviation Administration thus issued new guidance urging airlines to ensure pilots regu-
larly practice manual control–a move reflecting a recognition that the fundamental skills to 
uphold passenger safety cannot be substituted by autopilots, and must be practiced continu-
ously (Mooty 2022).

4.1.2  Moral skills, responsibility and autonomy

Beyond technical know-how, AI-induced deskilling of professionals may also involve prac-
titioners losing their moral and ethical skills—a phenomenon described as moral deskilling 
(Vallor 2015). In medicine, clinicians cultivate moral competencies over years, as they are 
closely intertwined with how they communicate sensitive medical information to patients, 
how they manage their concerns about the diagnosis and prognosis, and how they respect 
the patient’s autonomy in making decisions about their own care. Over-reliance on AI deci-
sion aids can deskill practitioners in these areas: if a diagnostic AI provides an “explana-
tion” or treatment recommendation, clinicians may begin to trust the machine’s judgement 
even on value-laden decisions, or communicate with patients in a more perfunctory manner.

Over time, this diminished ethical reasoning capacity could mean that a doctor is less 
prepared to recognise when an AI’s suggestion conflicts with a patient’s best interests or per-
sonal values. Likewise, communication competence can suffer—for instance, if physicians 
come to lean on AI-driven decision aids, they might not practice the nuanced conversations 
needed to explain risks and alternatives to patients. This can harm the informed consent 
process, as patients may receive less comprehensive or less human-centred explanations 
about their care options. Thus, clinicians with poorly developed moral skills may be unable 
to safeguard the patients’ welfare, which may ultimately have a negative impact on their 
emotional and psychological well-being, may deteriorate the trusting clinician-patient rela-
tionship, and may risk dehumanizing the clinical encounter.

This concern is similarly present in other high-expertise domains. Judges and lawyers, 
for instance, face pressures to use AI risk assessments or legal analytics; if they begin to 
treat algorithmic outputs as inherently objective, they might stop exercising their full moral 
judgment on matters of justice and equity, as in the moral complacency observed in the infa-
mous case of judge reliance on the highly discriminatory COMPAS (Correctional Offender 
Management Profiling for Alternative Sanctions) system (Kaas 2024). In the military con-
text, where life-and-death decisions are increasingly aided by AI, Vallor (2013) observed 
that deskilling can even erode virtues like courage and mercy. Ultimately, preserving moral 
competence is essential for professionals to fulfill their roles as ethical agents and to prevent 
a slow dehumanization (Woodruff et al. 2024) of high-stakes decision processes.
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AI-induced deskilling also complicates individual responsibility and autonomy. In 
healthcare, if a clinician becomes dependent on an AI’s outputs, their ability to exercise 
independent judgment may wane. This raises the question: who is accountable when some-
thing goes wrong? A deskilled practitioner might argue that an adverse outcome is the fault 
of a misleading algorithm, while patients still rely on the clinician’s duty of care. Indeed, 
over-reliance on technology can blur the allocation of responsibility and accountability for 
errors. Ethically and legally, current frameworks expect a human professional to be ulti-
mately responsible, but that assumption is strained when the human’s role has shifted to 
merely overseeing an AI. Scholars have described this as creating “moral crumple zones” 
(Elish 2019), where a human operator ends up absorbing blame for system failures even if 
the system’s complexity limited their control. Notable examples come from aviation, where 
documented conflict between the pilot and automation resulted in loss of life as pilots are 
left “out of the loop” (Evjemo and Johnsen 2019) of the complex autopilot system, a phe-
nomenon also investigated as “automation surprise” (Dehais et al. 2015).

Ensuring that the human remains “in-the-loop”-and meaningfully in control (Santoni de 
Sio and Van den Hoven 2018)—mitigates the risk that responsibility becomes so diffused 
that no one takes ownership of outcomes. In high—stakes domains, such ambiguity can 
undermine trust: patients, clients, and the public expect clear accountability for critical deci-
sions. In law, judges might experience a loss of decisional autonomy if, say, guidelines or 
predictive algorithms strongly recommend certain sentencing decisions (Kaas 2024); simi-
larly, in finance, credit officers might find themselves deferring too readily to algorithmic 
risk scores when evaluating life-altering decisions such as mortgage approvals. Both may 
feel pressured to follow the AI’s output, potentially “abdicating” some of their responsibil-
ity in a manner akin to the complacent pilot (Kaas 2024). Thus, ethical AI deployment must 
address the “responsibility gap” problem head on—through clarity in roles, audit trails of 
human–AI decision processes, and professional standards that emphasize human oversight.

4.1.3  Organisational capacity and resilience

Finally, AI-induced deskilling can weaken the organisational capacity of institutions by 
eroding collective expertise, teamwork, and the training pipeline of future experts. In 
healthcare, if many clinicians rely uncritically on AI, a hospital could see a general decline 
in staff’s procedural skills and clinical intuition. Over time, this not only impacts individual 
performance but also the functioning of teams. A skilled healthcare team relies on each 
member’s competence and the ability to communicate and trust one another’s judgments. 
When deskilling sets in, clinicians may begin to doubt colleagues’ abilities or struggle to 
coordinate effectively. For example, junior doctors may find that senior physicians-who 
perhaps leaned on AI for years-are less able to mentor them in nuanced hands-on techniques 
or complex decision-making. Such organisational deskilling undermines the integrity of the 
profession in the long run. The same dynamic is a risk in law firms, airlines, and financial 
institutions. Law firms traditionally operate on an apprenticeship model where senior law-
yers train junior associates through supervised practice. If automation shortcuts much of the 
junior lawyers’ work (for instance, document review or drafting) and seniors themselves 
begin to rely on AI outputs, the firm’s reservoir of human legal expertise may shrink over 
time. In aviation, an analogous concern is that an entire airline crew corps could lose its 
edge in handling emergencies. Commercial aviation has already seen incidents attributed 
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partly to pilots’ diminished manual flying proficiency in an automated cockpit environment 
(Mooty 2022). If most flights are on autopilot and simulators don’t fully recreate surprise 
scenarios, the airline as an organisation becomes less resilient to rare crises. On a societal 
scale, Kim and Scheller-Wolf (2022) argue that broad deskilling trends could strain social 
cohesion, safety nets and wellbeing, destabilising economic and social systems.

Across technical, moral, personal, and organisational dimensions, AI-induced deskill-
ing poses ethical challenges in fields such as medicine, law, aviation, finance, and beyond. 
These domains deal with irreducible uncertainties and value-laden decisions that require 
human wisdom which must not be left to atrophy in the age of AI. This informs the need 
to conduct in-depth investigations on this phenomenon and develop strategies (from bet-
ter interface design to policy and training interventions) to mitigate deskilling and ensure 
the active engagement of professionals-technically sharp, morally attuned, and firmly in 
control.

4.2  Research agenda for healthcare (and beyond)

Effectively addressing the ethical concerns highlighted above demands a coherent research 
agenda that prioritises conceptual clarity, methodological rigour, and actionable recommen-
dations. Future research should rigorously examine how skills evolve under conditions of 
increased AI integration, acknowledging that competencies in healthcare-and comparably, 
other high-stakes fields-may transform rather than simply diminish. Our proposed agenda, 
which is presented in Table 4, aims to achieve this with a double focus: (1) conceptual clari-
fication and empirical investigation, and (2) practical interventions. Although informed by 
the specific phenomenon of deskilling within medicine, the proposed strategies and insights 
are deliberately formulated to be applicable to broader high-expertise contexts, drawing 
meaningful parallels with fields such as aviation, law, and finance discussed in previous 
sections.

4.2.1  Conceptual clarification and empirical investigation

Achieving conceptual clarity is a crucial first step in advancing research on AI-induced 
deskilling and upskilling inhibition. These two phenomena-one reflecting the erosion of 
existing expertise and the other a diminished opportunity to acquire new skills-should be 
recognized as distinct yet interconnected, affecting users of varied expertise levels in differ-
ent ways. Establishing a shared understanding will enable more precise investigations and 
the development of targeted investigations and interventions to mitigate skill erosion and 
ensure the appropriation of necessary competencies. More light should be shed also on the 
instances where expertise, rather than vanishing, may instead be shifting in nature, a phe-
nomenon termed re-skilling (Rafner et al. 2022). In such scenarios, clinicians might trade 
some manual skills for new proficiencies in interpreting and guiding AI recommendations, 
in turn focusing more deeply on patient-facing tasks. Clarifying whether we are observing 
outright skill loss versus a transformation of skill sets-or a suppression of skill gain-has tan-
gible implications for how we design interventions. Distinguishing deskilling from a failure 
to upskill, as well as characterizing on a case-by-case fashion the desirability of shifting 
skills, is essential for developing training programs and policies that address the correct 
problem: preserving crucial traditional skills, promoting complementary new skills, and 
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ensuring that the introduction of AI in healthcare actually augments the overall expertise of 
medical professionals.

Then, there should be a concerted effort to conduct real-time monitoring of AI applica-
tions in situ (e.g. in hospital wards, courtrooms, cockpits). Such monitoring would not only 
provide a more current snapshot of AI’s impact but also allow for the capture of emergent 
trends and potential issues in their infancy. For example, by tracking clinician–AI interac-
tions and decision outcomes in real time, subtle shifts-such as delays in clinician response 

Table 4  Research agenda on ai deskilling evaluation and mitigation
Research domain Key focus areas and strategies References
Conceptual 
clarification

Distinguishing between AI-induced deskilling, upskill-
ing inhibition, and re-skilling phenomena; Clarifying 
skill transformations versus outright loss or inhibited 
skill gain

Vallor (2015), Green 
(2019), Dias Duran (2021), 
Cabitza (2021), Rafner et al. 
(2022), Winter and Carusi 
(2022a), Wessel (2023)

Empirical 
investigation

Real-time monitoring and longitudinal studies to detect 
practitioner–AI interaction shifts and evaluate long-
term impacts on competencies and outcomes

Tsai et al. (2003), Campbell 
et al. (2020)

Qualitative and 
mixed-methods 
approaches

Employing qualitative methods (interviews, focus 
groups, case studies) and mixed-method designs to cap-
ture dimensions of professional identity, job satisfac-
tion, trust, and safety

Nelson et al. (2020), Lenn-
artz et al. (2021), Banerjee 
et al. (2021), Kundu (2021), 
Maassen et al. (2021), 
Winter and Carusi (2022a), 
Mosch et al. (2022), Bunch 
et al. (2023), Aquino et al. 
(2023)

Mitigating publi-
cation bias

Emphasising failure analyses and transparent report-
ing; Extending evaluation metrics beyond accuracy 
to include skill retention, cognitive engagement, and 
autonomy

Dickersin et al. (1987), 
Natali et al. (2024)

Hybrid intel-
ligence and AI 
design

Developing AI tools that actively engage practitioners, 
reinforcing professional reasoning and preventing skill 
atrophy through context-aware and frictional interac-
tions; Developing explicit collaboration protocols 
guiding practitioners on effective AI utilization for 
decision-making tasks

Dellermann et al. (2019), 
Schemmer et al. (2021), 
Cabitza et al. (2021), Miller 
(2023), Cabitza et al. (2024, 
2025)

Interdisciplinary 
collaboration

Encouraging clinician involvement in AI development, 
fostering interdisciplinary collaborations, and continu-
ous feedback loops for refining AI applications

Mosch et al. (2022), Iqbal 
et al. (2022), Sambasivan 
and Veeraraghavan (2022)

Educational 
initiatives and 
complementary 
human-centric 
skills

Integrating comprehensive AI education into profes-
sional curricula, continuous professional development 
programs, ethical workshops to enhance practitioner 
autonomy and decision-making; Fostering non-repli-
cable AI skills such as empathy, ethical judgment, and 
complex decision-making to sustain essential human 
dimensions at work

Vallor (2015), Kundu 
(2021), Aslam and Hoyle 
(2022), Rao (2023), Zhang 
et al. (2023)

Cross-domain 
insights

Adapting strategies and governance principles from 
different high-stakes fields (healthcare, law, finance, 
aviation, military) contexts

Carrel (2018), Ruan (2020), 
Browning (2024), Amer 
et al. (2024), Odonkor 
et al. (2024), Vallor (2013), 
Golfetti et al. (2021), Talib 
et al. (2025)

Policy and 
governance

Advocating for evidence-based policies addressing AI-
induced skill dynamics, promoting ethical AI integra-
tion, and safeguarding practitioner autonomy

Lu (2016), Drabiak et al. 
(2023)
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or reduced use of independent judgment-can be detected before they culminate in significant 
skill decay or patient safety events. Such monitoring efforts should be coupled with longi-
tudinal studies are crucial to map the trajectory of AI’s influence on skills, practices, and 
outcomes over extended periods. These studies can reveal patterns that might be invisible 
in one-off assessments, offering a richer understanding of AI’s long-term effects on exper-
tise development. This includes identifying whether initial over-reliance on AI stabilizes or 
worsens over time, and how the presence of AI alters the career-long skill progression of 
workers. For instance, does a junior lawyer who frequently uses an AI research assistant 
develop the same analytical skills as one trained without it? Only by combining real-time 
data with longitudinal follow-ups can we discern transient adaptation effects from genuine 
deterioration of skills, thereby informing timely interventions.

Methodologically, a mixed-methods research approach is essential to complement these 
quantitative measures and provide a more holistic view of AI’s role in skill development. 
Quantitative performance metrics alone cannot capture shifts in professional identity, trust, 
or autonomy that accompany AI adoption. Qualitative methodologies could complement 
them by gathering deeper insights on the experiences and perceptions of healthcare pro-
fessionals and patients. In-depth interviews, focus groups, and case studies can explore 
how practitioners perceive and adapt to AI in their work, including the impact on their 
professional identity, job satisfaction, and patient trust. For example, a longitudinal study 
might quantify changes in diagnostic accuracy and speed when doctors use an AI tool, while 
interviews with those doctors reveal nuances about their trust in the tool or changes in their 
decision rationale. By triangulating data in this way, researchers can validate findings across 
methods and uncover latent effects that single-method studies might miss, providing a more 
robust evidence base for policy and practice recommendations.

However, a significant obstacle to balanced research on the topic of AI-induced deskill-
ing is publication bias (Dickersin et al. 1987): the tendency to favour studies that reject the 
null hypothesis. In the context of AI in healthcare, this results in disproportionate emphasis 
on AI’s successes, while negative or inconclusive findings-such as AI-induced errors, auto-
mation bias, and disruptions to clinical workflows-are under-reported, leading to unrealistic 
expectations about AI’s capabilities and obscuring its potential risk. To address this, future 
research must prioritize failure analyses, documenting cases where AI contributes to skill 
degradation, misdiagnosis, or patient safety risks. Transparent reporting should be encour-
aged in journals and conferences, for example by requiring AI impact assessments that pres-
ent both benefits and risks for a more balanced understanding of AI’s role in healthcare. 
Additionally, evaluation metrics must extend beyond accuracy and efficiency (Natali et al. 
2024), incorporating human-centered factors such as skill retention, cognitive engagement, 
and professional autonomy to develop more robust assessment frameworks.

4.2.2  Practical interventions

Future research should not only watch for harms but also evaluate how AI might be inten-
tionally leveraged as a solution to the deskilling problem. A combination of thoughtful 
design and robust governance is required to prevent AI-induced deskilling in high-expertise 
domains. Design-centred innovations can make AI a tool for continued learning and engage-
ment rather than a source of complacency. Meanwhile, organisational policies, training 
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regimes, and regulatory frameworks create the professional environment and incentives for 
experts to remain skilled, vigilant, and morally grounded.

An emerging theme in Hybrid Intelligence (Dellermann et al. 2019) is the design of AI 
technologies that function as interactive training tools or skill augmenters rather than pas-
sive automation devices. For example, following Explainable AI techniques, AI systems 
should provide transparent reasoning or feedback that the human can learn from. Examples 
include support systems that not only provide recommendations but also prompt (or even 
provoke) practitioners with relevant, if also dissenting, questions or explanations (Miller 
2023; Sarkar 2024; Reingold et al. 2024; Cabitza et al. 2025), tailored on the user’s skill 
level, thereby reinforcing clinicians’ reasoning processes. In another fashion, AI diagnos-
tic tool could intentionally abstain from giving a definitive interpretation in certain cases 
(Campagner et al. 2019), prompting clinicians to perform their own analysis before reveal-
ing the AI’s suggestion. Through similarly frictional approaches (Cabitza et al. 2024), the 
AI becomes a learning tool, ensuring the human professional remains critically engaged. 
We advocate for monitoring studies to explicitly evaluate such constructive use cases: Are 
AI-driven tutoring systems improving clinicians’ proficiency over time? Do context-aware 
decision aids help maintain diagnostic acumen? By gathering data on these questions in real 
clinical settings, the field can identify which design features successfully counteract skill 
atrophy.

Clear interaction protocols can be built into the design of AI systems, defining how 
responsibilities are shared between the human expert and the AI. Rather than ad-hoc use, 
practitioners would follow established guidelines for when to trust, when to verify, and how 
to integrate AI input. For example, in radiology practice a “double-reading” protocol might 
be instituted: the radiologist and the AI each interpret an image independently and then 
compare results, a process shown to maintain diagnostic vigilance (Cabitza et al. 2021). 
Cabitza et al. (2023) names this a human-first approach, highlighting how human–AI col-
laboration protocols can leverage AI for support while keeping ultimate judgment in human 
hands. These design-centred rules and affordances make the human’s active participation an 
integral part of the technology’s use, thereby sustaining expertise and team resilience (e.g. 
a flight crew or surgical team maintaining robust communication and cross-checking even 
with AI support).

Effective AI integration into healthcare and other high-expertise fields requires practi-
tioners’ active involvement in AI development and implementation. Encouraging interdis-
ciplinary collaboration among experts, AI developers, ethicists, and patients can ensure that 
AI tools align with clinical realities and ethical standards (Mosch et al. 2022; Iqbal et al. 
2022). Regular feedback mechanisms with end-users are crucial for continuous refinement, 
particularly in complex diagnostic scenarios.

However, even the best interface design will not fully prevent deskilling without sup-
portive governance, training, and organisational policies. Governance and organisational 
interventions create an environment in which human expertise is continuously cultivated 
and safeguarded as AI is integrated. These interventions span education, policy/regulation, 
and institutional practices to ensure that professionals remain capable, ethical, and ready to 
step up when AI is unavailable or incorrect.

Professional training curricula and continuing education should be updated to reflect the 
presence of AI while actively counteracting skill erosion. This involves two aspects: (1) 
teaching practitioners about AI—its limitations, failure modes, and proper use—to foster 
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informed usage, (2) reinforcing core domain skills that AI might otherwise overshadow, and 
(3) identifying and strengthening skills that whose “human touch" makes them complemen-
tary to AI. For example, medical schools can incorporate modules on interpreting AI outputs 
and require students to diagnose cases without AI assistance to ensure they can function 
without decision support, as well as putting more emphasis on the development of skills 
such as moral judgment and empathy.

Organisations can institute requirements that professionals regularly practice tasks 
without AI, maintaining proficiency. Aviation provides a clear precedent, with pilots being 
encouraged to log a minimum number of manual flying hours to combat automation-induced 
skill fade (Mooty 2022). Healthcare institutions could similarly require clinicians to peri-
odically perform clinical reasoning exercises unaided by AI. These policies act as a form 
of practice and proficiency audit, ensuring that if the AI systems fail or produce dubious 
outputs, the human expert is prepared to intervene competently. Importantly, aviation also 
demonstrates that technology itself can be leveraged to counteract deskilling. Flight simula-
tors provide structured opportunities to maintain proficiency in low-frequency, high-stakes 
tasks. Similarly, in healthcare domains such as surgery, where hands-on opportunities may 
be limited, simulation-based training leveraging VR technology has been recommended as 
a means to preserve technical competencies and prevent skill decay (de Andres Crespo et al. 
2025).

Beyond technological solutions, future studies should also emphasise interventions 
focused on user training and novel modes of interaction with AI, such as Human–AI Col-
laboration Protocols which stipulate how practitioners should utilise AI tools for specific 
clinical tasks (Cabitza et  al. 2021). Medical curricula must integrate comprehensive AI 
education, encompassing both practical usage and critical engagement with AI’s capabili-
ties and limitations. Continuous professional development programmes focusing on critical 
thinking and decision-making should accompany AI training. Specialised workshops on 
ethical AI use in clinical practice will enhance clinicians’ ethical and professional autonomy 
and emphasis should be placed on developing complementary human-centric skills such 
as empathy, ethical judgment, and complex decision-making. These skills remain vital for 
patient-centered care, preserving, and enhancing the irreplaceable human elements of medi-
cal practice.

Moreover, high-expertise fields can learn governance strategies from each other, with 
each field implementing proactive measures rather than learning only from its own mis-
takes. Potential insights for healthcare to could be found in lessons learned from law (Carrel 
2018; Ruan 2020; Browning 2024), management (Amer et al. 2024), finance and accounting 
(Odonkor et al. 2024), the military (Vallor 2013), and aviation (Golfetti et al. 2021; Talib 
et al. 2025). This could inspire new strategies, interaction models, and governance prin-
ciples that are transferable to healthcare settings.

Ultimately, the integration of AI into healthcare represents a balancing act between 
efficiency and expertise, automation and autonomy, technological precision and human 
intuition. While AI offers unprecedented opportunities to enhance medical practice, future 
research must be guided by a commitment to describing, promoting and preserving the 
irreplaceable elements of human clinical judgment, patient communication, and ethical rea-
soning. The risks of deskilling are not an inevitable consequence of AI implementation but 
rather a challenge that must be anticipated and managed through responsible governance, 
strategic training initiatives, and evidence-based policy interventions. This represents a 
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defining priority, and a role to play, for future research in human–AI interaction in the medi-
cal field.

5  Limitations

While our review provides a substantive analysis of the current state of AI in healthcare, it 
is not without its limitations. First, concerning the use of the PACES framework, we recog-
nize that this tool is primarily designed to evaluate skills acquired by medical students in 
structured, controlled learning environments. As such, it may not fully capture the complex-
ity and nuance of clinical competencies in real-world settings. We adopted this framework 
because it offers one of the closest measurable proxies for clinical skill assessment currently 
available. However, future research would benefit from empirical studies that examine the 
dynamics of deskilling, skill inhibition, reskilling, and upskilling within the context of med-
ical AI. Such investigations would provide valuable insights and further enrich the discourse 
in regards to these phenomena.

Second, the extensive and time-consuming effort of producing literature reviews is gener-
ally subject to being outpaced by the concurrent and rapid evolution of AI technologies and 
their applications in healthcare organizational processes. Additionally, the phenomenon of 
publication bias—wherein the literature may disproportionately reflect successful AI imple-
mentations over those that are less successful, or that yield negative outcomes—presents a 
challenge to obtaining a balanced view of AI’s efficacy and risks. This bias can lead to an 
overly optimistic portrayal of AI in healthcare, potentially overlooking the critical lessons 
that could be drawn from less favorable results. To address these limitations, we proposed 
in Sect. 4 an agenda for future research on the theme of deskilling in medicine, encompass-
ing the conceptualization and differentiation of the concepts of deskilling and upskilling 
inhibition; real-time monitoring of AI applications in healthcare; emphasis on longitudinal 
studies; wider adoption of qualitative methodologies and mixed-methods research.

6  Conclusions

Critical voices have cautioned how the repeated delegation of decision-making to machines 
may erode human expertise, to the point that certain skills may even be irreversibly lost in 
a “second singularity” Klein (2022), unless proactive measures are taken. In healthcare, this 
manifests as a growing dependence on AI-driven recommendations, progressively narrow-
ing clinicians’ opportunities to refine their judgment through real-world experience. Without 
deliberate interventions, the medical profession risks entering a phase where AI’s author-
ity is unquestioned, and human oversight becomes increasingly performative rather than 
substantive.

Compounding this concern is the phenomenon of epistemic sclerosis (Cabitza 2021), a 
form of knowledge crystallization driven by AI’s reliance on historical data and past inter-
pretations. As AI systems continuously reinforce pre-existing diagnostic patterns, they risk 
solidifying medical knowledge rather than expanding it, limiting the ability of clinicians to 
challenge prevailing norms or recognize novel cases. This epistemic rigidity could be par-
ticularly harmful in complex, ambiguous, or low-data scenarios, where true innovation and 
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clinical breakthroughs rely on the ability to critically reinterpret existing knowledge rather 
than passively accept algorithmic outputs.

However, it is also important to recognise a dialectic tension: rather than simply disap-
pearing, some medical competencies may evolve and shift in nature as AI is introduced. 
For example, as more routine diagnostic tasks become automated, clinicians might assume 
greater responsibility for oversight-validating AI-generated recommendations and critically 
appraising algorithmic outputs and, even more crucially, cultivating those skills that escape 
AI (Aslam and Hoyle 2022), such as holistically considering disparate and undatafiable 
(Anichini et al. 2024) contextual information for the cultivation of humane and empathetic 
patient management strategies. In this view, expertise is not unilaterally eroded by AI but 
can evolve, with meta-decision skills of supervision and interpretation gaining prominence 
alongside traditional clinical acumen.

Our analysis highlighted the profound challenges and significant opportunities that AI 
presents within the clinical workflow and organizational processes, effectively posing itself 
as a double-edged sword: a potent and compelling tool for enhancing clinical efficiency and 
decision-making, while simultaneously posing the risk of eroding the skills supporting the 
indispensable human elements of healthcare.

A central contribution of this review is its structured categorization of AI-induced 
deskilling, framed within the PACES-MRCPUK framework (Elder et al. 2011; Elder 2018). 
By systematically evaluating concerns across key clinical skill domains-including physi-
cal examination, differential diagnosis, clinical judgment, and patient communication-our 
findings reveal the breadth of AI’s unintended consequences. The structured approach high-
lights specific vulnerabilities, such as the deterioration of physical examination skills, the 
weakening of diagnostic reasoning, and the erosion of physician-patient communication, 
reinforcing the urgency of implementing strategies that preserve critical expertise. Among 
such strategies, a promising avenue is to leverage AI itself as a training tool to counteract 
deskilling. Adaptive AI tutors or decision-making simulators could provide clinicians with 
guided practice and feedback, helping them maintain and even enhance their competencies 
in parallel with AI integration. In this way, the very technologies that pose a risk to skills can 
also serve to foster continuous learning and the resilience of medical expertise.

Furthermore, AI-induced deskilling is socio-technical (Rafner et al. 2022). It does not 
occur in isolation, but interacts with organizational and systemic factors, affecting team-
based decision-making, interprofessional collaboration, and institutional knowledge reten-
tion. The restructuring of clinical roles to accommodate AI tools can create unforeseen 
challenges, such as fragmented workflows, reduced team situational awareness, and over-
specialization in AI validation rather than direct diagnostic engagement and skills. Left 
unaddressed, these shifts could weaken professional autonomy and entrench new depen-
dencies that fundamentally reshape medical expertise.

Our work holds significant implications for the interface between technology and human 
behavior within healthcare settings, with implications extending to other high-stakes, 
high-expertise fields. The integration of technology into professional practice is a journey 
of adaptation, potentially marked by significant gains in capability and efficiency. Yet, it 
simultaneously invokes reflection on what it means to possess a skill, to exercise profes-
sional judgment, and to maintain autonomy in an age of algorithmic influence on the deci-
sion-making process. The decision to responsibly embrace technology, while recognizing 
the potential for skill loss, requires respecting and upholding the enduring significance of 
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human expertise even at a time of technological hype, aligning AI’s trajectory with the ethos 
of patient-centred care.
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