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Purpose: Attificial Intelligence (Al) is increasingly used in undergraduate medical education but has a potentially negative impact on
clinical reasoning development. Specifically, the use of Al in medical student education may lead to deskilling and upskilling
inhibition - where automation reduces practice or limits skill development - potentially impairing clinical reasoning. This systematic
review aimed to synthesise evidence regarding Al-supported learning effects on acquisition and retention of clinical skills in medical
students to assess its potential negative impact in medical education.

Methods: A systematic search was conducted on 21 October 2025 across PubMed, Scopus, and Embase using structured Boolean
queries restricted to titles and abstracts. Inclusion criteria targeted published studies involving medical students exposed to Al tools in
clinical learning, reporting outcomes related to skill acquisition, reasoning, or overreliance on Al. Exclusions included non-Al digital
tools, administrative Al applications, and studies without clear educational outcomes. Screening followed PRISMA guidelines.
Results: From 420 records, 255 were screened. Four studies met the screening criteria, incorporating a total of 408 medical students.
Across included studies, Al exposure was associated with improved efficiency and improved basic knowledge acquisition. When
higher-order clinical reasoning and complex decision-making were assessed, findings were mixed: one study reported no overall
difference, while others suggested weaker performance or reduced engagement when Al-supported approaches were used.
Conclusion: Current evidence suggests that Al-supported learning may be associated with improved efficiency and basic knowledge
acquisition in undergraduate medical education. Findings were less consistently supportive of higher-order reasoning outcomes
compared with traditional teaching approaches, although the evidence base was limited. Potential risks of deskilling and upskilling
inhibition warrant attention as medical schools increasingly integrate Al tools into their curricula. A striking finding of our systematic
review was the very low number of existing studies identified in this important field. Further research should explore the long-term
impacts of Al on medical students’ independent clinical judgement and consider strategies to mitigate overreliance on Al given the
profound potential impact on future patient care.
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Introduction
Artificial Intelligence (Al) is rapidly becoming embedded within medical education, with tools such as adaptive learning
platforms, Al-assisted simulation, automated clinical reasoning support, and machine-learning-driven feedback now increas-
ingly integrated into undergraduate medical curricula. These developments may aid medical student learning, personalised
instruction, and also better prepare future clinicians for an Al-enabled healthcare environment. However, as Al-supported
tools become increasingly incorporated in medical students’ learning experiences, questions have emerged about how these
systems may influence the development and retention of foundational clinical skills among these future doctors.'

Rather than functioning solely as isolated educational tools, Al systems are increasingly part of a systemic shift in
medical education, altering the ways learners access knowledge, approach clinical problems, and demonstrate
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competence. As generative and decision support systems become embedded across healthcare and training environments,
medical students may encounter Al- mediated reasoning not as an optional supplement but as a routine part of learning
and future clinical practice. This shift raises urgent questions about how to best integrate Al while preserving
opportunities for independent clinical reasoning and skill development.

Work by Thurzo has highlighted how AI is reshaping medical research, education, and clinical practice simulta-
neously, enabling immersive simulation, personalised learning pathways, and rapid Al-supported diagnostic assistance,
whilst also raising ethical and practical concerns related to over-reliance. To help counter such threats, Thurzo argues that
human oversight remains essential and that future doctors must continue to develop the critical thinking and contextual
judgement required to interpret Al outputs appropriately and to transcend Al’s algorithmic limitations.”> Such concerns
are particularly important at the undergraduate level when the development of critical thinking typically begins. The
development of critical thinking in medical students has been associated with improvements in academic performance,
diagnostic reasoning, and preparedness for clinical decision-making, with implications for future patient care.” However,
overdependence on Al by such undergraduates may risk impeding the development of critical thinking skills in addition
to potentially eroding such skills in those medical learners who have already acquired them.?

Clinical reasoning is often identified as a core component of physician competence, yet is challenging to define, teach,
and assess, and remains inconsistently emphasised within undergraduate curricula.* AI applications in clinical decision-
making are supported by a well-established evidence base, with multiple reviews demonstrating enhanced performance
across diagnostic, triage, and imaging tasks.”® However, the educational implications of exposing medical students to
learning through AI systems remain under-examined. Existing research provides limited insight into how such tools
influence skill acquisition, diagnostic reasoning, or long-term learning trajectories. Concerns about how Al may shape
clinical judgement are also beginning to appear in policy-level commentary. For instance, a recent review by the World
Health Organization noted that while large language models may enhance personalised learning and simulated patient
interactions, they also risk encouraging premature reliance on Al-generated outputs and reducing opportunities for
independent clinical reasoning.” Such observations reflect a growing concern about how the use of such autonomous
systems may alter the development of foundational skills during undergraduate medical training.

Evidence is emerging that over-reliance on Al tools may lead to declines in core cognitive skills. A recent systematic
review found that when students across different disciplines routinely accept Al-generated outputs without verification, their
critical thinking, analytical reasoning, and decision-making abilities become impaired.® However, few studies to date have
assessed Al’s impact on critical thinking or clinical reasoning specifically in medical students. Over-dependence on Al in
medical students could arise if learners favour quick, Al-generated shortcuts over slower, independent reasoning processes
required to evaluate information for themselves. This could be compared to a traditional setting where a medical student might
rely on a senior clinician to make seemingly instant diagnoses on seeing a patient. Such heuristic, intuitive, clinical thinking
(the System 1 of dual-process theory) by the senior clinician however would be built on many years of practice initially using
the slower systematic and analytical System 2 process.” Rather than viewing System 1 as being “better” because it is faster, the
combination of both systems (for example cross-checking intuitive thinking with systematic analysis) may produce more
accurate results and allow for senior clinicians to work productively together with medical students on clinical problems with
each contributing.'® Reducing the need for medical students to evaluate evidence or justify decisions might result in erosion of
such independent judgement, diminished information retention, and a weakening of higher-order skills essential for clinical
reasoning in medical education.®

Recent literature has highlighted two mechanisms through which Al automation may reshape human expertise: deskilling, in
which previously acquired skills erode due to reduced practice, and upskilling inhibition, which refers to missed opportunities to
develop new competencies in the first place when tasks are delegated to automated systems."'' While deskilling has traditionally
been discussed in relation to practising clinicians or senior medical students, upskilling inhibition is particularly salient in
undergraduate education, where core competencies are still forming. Students develop clinical capability through repeated
engagement with uncertain and cognitively demanding tasks such as generating differential diagnoses, interpreting ambiguous
findings, and integrating information during patient encounters.'*'* If Al tools provide these outputs too early or too consistently,
learners may engage less deeply with the underlying reasoning processes, reducing opportunities to practise and consolidate the
skills required for independent clinical judgement, procedural proficiency, and diagnostic problem-solving. This framework
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therefore offers a useful lens for examining how Al-enabled learning environments might alter the development and trajectory of
foundational clinical skills, and it underpins the focus of the present review.

Given the rapid expansion of Al in medical curricula,'® it is essential to understand how these technologies may
adversely affect the acquisition and retention of clinical skills during the formative stages of medical training. This
systematic review therefore examined current evidence on the potential risks associated with Al-supported learning in
undergraduate medicine, with particular attention to mechanisms such as upskilling inhibition and early-stage deskilling.
By examining where and how Al integration may affect the development of independent clinical judgement, procedural
competence, and diagnostic reasoning, this review offers a counterbalance to the largely benefit-focused accounts in the
current literature and supports more considered, evidence-informed approaches to integrating Al in medical education.

Methods

Searching for relevant studies was performed using the terms shown in Table 1 and was completed on the 21* of October 2025.
The following bibliographic databases were sourced for the search: PubMed, Scopus, and Embase. PubMed and Embase were
selected based on strong evidence for use in biomedical literature reviews.'®> While Bramer et al refer to MEDLINE, PubMed was
used in this present systematic review as it included MEDLINE and additional records before being indexed or sourced from
other biomedical journals.'® Scopus was additionally included to expand the search into additional scientific fields and to include
interdisciplinary journals that were not fully covered by biomedical-focused databases such as Embase.'®

Table | Search Terms Used for PubMed, Scopus, and Embase

Database | Search Query

PubMed (“artificial intelligence”[Title/Abstract] OR ai[Title/Abstract] OR “machine learning”[Title/Abstract] OR “deep learning”[Title/
Abstract])

AND

(“deskilling”[Title/Abstract] OR ‘“de-skilling”[Title/Abstract] OR “loss of skills”[Title/Abstract] OR “skills degradation”[Title/
Abstract] OR “skills erosion”[Title/Abstract] OR “skills decline”[Title/Abstract] OR “skill atrophy”[Title/Abstract] OR “skill
loss”[Title/Abstract] OR “skill erosion”[Title/Abstract] OR “skill decay”[Title/Abstract] OR “skill fade”[Title/Abstract] OR “upskilling
inhibition”[Title/Abstract] OR “suppressed skill acquisition”[Title/Abstract] OR “skill acquisition”[Title/Abstract] OR “learning
inhibition”[Title/Abstract] OR “competency development”[Title/Abstract] OR “clinical reasoning”[Title/Abstract] OR “critical
thinking reduction”[Title/Abstract] OR “reduced critical thinking”[Title/Abstract] OR “critical thinking decline”[Title/Abstract] OR
“critical thinking erosion”[Title/Abstract] OR “loss of critical thinking”[Title/Abstract] OR “impaired critical thinking”[Title/Abstract]
OR “critical reasoning decline”[Title/Abstract] OR “reduced clinical reasoning”[Title/Abstract])

AND

(“medical education”[Title/Abstract] OR “medical students”[Title/Abstract] OR “clinical education”[Title/Abstract] OR
“undergraduate medical education”[Title/Abstract] OR “medical training”[Title/Abstract] OR “clinical training”[Title/Abstract] OR
“medical curriculum”[Title/Abstract] OR “medical learning”[Title/Abstract] OR “clinical reasoning education”[Title/Abstract] OR
“medical teaching”[Title/Abstract] OR “medical school”[Title/Abstract] OR “health professions education”[Title/Abstract] OR
“healthcare education”[Title/Abstract] OR “medical trainees”[Title/Abstract] OR “medical undergraduates” [Title/Abstract])

Scopus TITLE-ABS (

(“artificial intelligence” OR ai OR ”machine learning” OR “deep learning”)

AND

(“deskilling” OR “de-skilling” OR ”loss of skills” OR ”skills degradation” OR ”skills erosion” OR ”skills decline” OR skill atrophy”
OR ”skill loss” OR skill erosion” OR ”skill decay” OR ”skill fade” OR upskilling inhibition” OR “suppressed skill

acquisition” OR ”skill acquisition” OR ”learning inhibition” OR “competency development” OR ”clinical reasoning” OR “critical
thinking reduction” OR “reduced critical thinking” OR “critical thinking decline” OR “critical thinking erosion” OR “loss of critical
thinking” OR “impaired critical thinking” OR *“critical reasoning decline” OR “reduced clinical reasoning”)

AND

(“medical education” OR “medical students” OR ”clinical education” OR “undergraduate medical education” OR “medical
training” OR ”clinical training” OR ”medical curriculum” OR ”medical learning” OR ”clinical reasoning education” OR ”“medical
teaching” OR ”medical school” OR "health professions education” OR “healthcare education” OR “medical trainees” OR “medical

undergraduates”))

(Continued)
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Table | (Continued).

Database | Search Query

Embase ((“artificial intelligence” or Al or “machine learning” or “deep learning”).ti,ab.

and (“deskilling” or “de-skilling” or “loss of skills” or “skills degradation” or “skills erosion” or “skills decline” or “skill atrophy” or “skill
loss” or “skill erosion” or “skill decay” or “skill fade” or “upskilling inhibition” or “suppressed skill acquisition” or “skill acquisition” or
“learning inhibition” or “competency development” or “clinical reasoning” or “critical thinking reduction” or “reduced critical thinking” or
“critical thinking decline” or “critical thinking erosion” or “loss of critical thinking” or “impaired critical thinking” or “critical reasoning
decline” or “reduced clinical reasoning”).ti,ab.

and (“medical education” or “medical students” or “clinical education” or “undergraduate medical education” or “medical training” or
“clinical training” or “medical curriculum” or “medical learning” or “clinical reasoning education” or “medical teaching” or “medical school”

or “health professions education” or “healthcare education” or “medical trainees” or “medical undergraduates”).ti,ab.)

Boolean operators (AND, OR) and parentheses were used to structure the search queries and ensure logical grouping
of terms. In PubMed, the “Title/Abstract” field was selected directly through the advanced search interface. In Scopus,
the default field “Article title, Abstract, Keywords” was used, and in the advanced search, the KEY field was manually
removed to restrict the search to titles and abstracts. In Embase, the same was achieved by manually typing “ti,ab” at the
end of the query to limit the search to title and abstract fields. Full search queries are provided in Table 1.

Restricting searches to the Title and Abstract fields was adopted to improve precision and ensure alignment with the
systematic review’s inclusion criteria. Terms such as artificial intelligence, deskilling, and skill acquisition are used
widely across multiple disciplines, and unrestricted searches produced several thousand records, the majority unrelated to
the impact of Al on clinical skill development. This restriction enabled the retrieval of papers in which these topics
formed a primary focus rather than a secondary or incidental mention. This approach reduced irrelevant returns while
maintaining sensitivity to studies directly addressing the mechanisms of interest.

The inclusion and exclusion criteria (Table 2) were organised using an adapted PIRT framework: Population,
Intervention, Result, and Type of study.'® This structure was selected to ensure alignment with the review’s focus on

Table 2 Inclusion and Exclusion Criteria

Inclusion Exclusion

Population Studies involving medical students Studies that focus primarily on nursing, doctor, or healthcare

professional education

Intervention

Studies examining the use or exposure to artificial intelligence
(Al) or machine learning tools in medical learning, clinical
reasoning, or skills training. Includes Al-assisted simulation,
tutoring systems, or diagnostic support used as part of

education or training.

Studies focused primarily on Al for assessment, grading, or
administrative purposes at the institutional level. Studies centred
on Al model development or validation without a student-
learning component. Studies that focus primarily on non-Al
digital tools (eg, traditional e-learning or LMS platforms).

Result Studies directly and significantly dealing with the theme of Papers merely mentioning the concept of deskilling or upskilling
deskilling or upskilling inhibition. inhibition without elaboration.
Studies reporting or discussing reduced skill acquisition,
diminished clinical reasoning, reduced critical thinking among
learners, or overreliance on Al tools among learners.
Type of Orriginal Research Articles, Systematic Reviews and Meta- Narrative reviews, Conference proceedings, Grey literature,
Study Analyses, Scoping Reviews, Mixed-Methods Studies (for Editorials or Opinion Pieces, Technical Al Development Papers,

examples including both qualitative and quantitative data),
Clinical Education Intervention Studies.

Studies Without Clear Educational Outcomes, Duplicate

Publications, Non-English Articles, single case reports, Studies
Focused Solely on Administrative or Logistical Al Use, articles
studying only a small numbers of students (10 or less) akin to

case studies or case series.

Abbreviation: LMS, Learning Management Software.
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how Al-based educational interventions affect clinical skill acquisition and retention in undergraduate medical students.
Using this framework supported clarity and consistency during screening by mapping each component of the research
question directly onto the eligibility criteria.

Results

Database searches across PubMed (n = 146), Scopus (n = 145), and Embase (n = 129) identified a total of 420 records.
After removing 165 duplicates, 255 unique records remained for title and abstract screening as shown in the PRISMA
Flow diagram (Figure 1). Following screening, 246 records were excluded, and nine full-text articles were sought for
retrieval, all of which were successfully obtained. Of these, five were excluded at full-text review because they did not
adequately address deskilling, upskilling inhibition, or related concepts. The remaining total of four studies met the
inclusion criteria without meeting any exclusion criteria and were included in the final synthesis. These four studies
encompassed a total of 408 medical students (Table 3).

Identification of studies via databases and registers ]
) .
c Total records identified (n= 420) Records removed before
o
8 PubMed (n=146) screening:
[
= Scopus (n= 145) Duplicate records
)
= Embase (n= 129) removed (n=165)
——S
)
Records screened _ | Records excluded following abstract screening based
(n =255) on the exclusion criteria outlined in TABLE 2 (n=246)
=] Reports sought for retrieval Reports not retrieved
= —>
c
o - n=0
$ (n =9) (n=0)
(%]
’ '
Reports excluded:
Reports assessed for eligibility Reason 1 (n = 4) Studies did not significantly
> address the theme of deskilling, upskilling
(n=9) inhibition, or reduced critical thinking
Reason 2 (n=1) Population included medical
educators rather than medical students
—
)
S
= Studies included in the
[ systematic review
- (n=4)

Figure | PRISMA-type flowchart displaying the study search and selection process.'”
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Table 3 Summary of Key Outcomes, Study Design and Aims, Subject Type and Focus of Al Use and the Sample Population

Study Study Design & Aims Focus of Al Use Sample (n | Sample Size Key Outcomes (Extracted Directly
(Year) Medical Relative to from Each Study)
Students) Other
Studies
Li et al, Controlled comparative study. Al used for content N =179 llll Al group completed tasks faster (2.6 h vs
2025'8 Aim: Tested generative Al (Kimi generation, assignment (40 control, 5.5 h) and achieved higher exam scores
2.0) as a teaching assistant in case- | support, and automated 39 Al) (77.3 vs 66.5). Al grading aligned closely
based learning (biochemistry) vs marking. with teacher scoring. Students rated Al
traditional learning. highly for basic knowledge acquisition but
low for complex reasoning and innovative
thinking.
Cicek Randomised Controlled Trial. Al-generated formative N =129 (65 llllll No significant difference in overall Key-
etal, Aim: Compared ChatGPT- feedback. control, 64 Features scores (immediate or 10-day
2025'° generated feedback vs expert Al) delayed).
feedback during spaced CEQ Expert feedback outperformed Al in
clinical reasoning skill acquisition. complex UTI cases. Al exposure increased
Test impact on immediate/delayed students’ scepticism concerning perceived
performance. Al accuracy.
Montagna Controlled comparison during Clinical decision-making, N =16 I ChatGPT group answered the fastest but
etal, a hands-on internal medicine diagnostic workup, differential (CPG n=6, produced less accurate responses than
2025%° session. diagnosis. OR n=5, guidelines. CPG group achieved highest
Aim: Compared three clinical ChatGPT accuracy and completeness. ChatGPT
decision-support systems (CPGs, n=5) responses showed susceptibility to prompt
online repositories, ChatGPT) on quality and risk of error propagation.
case-solving effectiveness and
speed.
Nwe et al, | Cross-sectional, questionnaire- Generative Al use for content | n= 184 Students raised concerns for over-reliance
2025%' based survey of 1 and 2™ year generation, study support, respondents (83.2%) and loss of critical thinking skills
medical students problem-solving, and perceived (77.7%); mixed perceptions regarding

support for clinical reasoning. clinical decision-making (38% supportive,
43% neutral, 19% opposed).

Al was perceived as effective for problem
solving (76.1%), decision making (63.6%) and
critical thinking (66.8%).

Note: Full bar (.) equals an n number of 20 participants.
Abbreviations: CEQ, ContExtended Questions; CPG, Clinical Practice Guidelines; UTI, Urinary Tract Infections.

Despite considerable heterogeneity in Al application and outcome domains, three of the four included studies directly

examined the impact of generative Al on objective clinical learning performance,'® 2"

while one study explored students’
self-reported perceptions of Al’s educational impact.”’ One controlled study demonstrated marked improvements in task
efficiency and examination performance when Al tools supported case-based learning, including a halving of task-
completion time and higher final-exam scores compared with traditional learning methods.'® In the only randomised
controlled trial, Cigek et al compared ChatGPT-generated feedback with expert feedback. Whilst there was no difference
in overall clinical reasoning performance immediately or after a 10-day delay, expert feedback remained superior for
complex diagnostic cases.'” Al exposure still significantly increased students’ critical appraisal of the AI outputs
themselves.'? In the third identified study, in which a hands-on comparison of three clinical decision-support modalities
was studied, ChatGPT enabled the fastest responses yet produced less accurate and less complete clinical decisions
compared with guideline-based reasoning.® In contrast to these performance-based evaluations, Nwe et al (2025)
conducted a cross-sectional survey of preclinical medical students examining perceived educational impact.”' While
a majority of students rated Al as effective for problem-solving, decision-making and critical thinking, substantial
proportions also expressed concern regarding over-reliance (83.2%) and potential loss of critical thinking skills (77.7%),
with mixed views on its role in clinical decision-making.*!

Demographic reporting was limited across all studies, with only two providing detailed age characteristics (Table 4).
Collectively, the identified studies suggest that generative Al may improve efficiency and support basic knowledge
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Table 4 Characteristics of Study Populations Including Country, Mean Age in years, Gender, Ethnicity, and year of Study

Study Country | Mean Age in Gender Ethnicity Year of Study/ Training Stage
Years (£SD)

Li et al, China Control: 19 £ 0.9; | Control 20F/20M; Al 19F/20M | Mixed; balanced Pre-clinical (Year -2 equivalent;

2025'8 Al: 18 £ 0.7 distribution stated medical biochemistry course)

Cigek et al, Turkey Not Reported 66F/49M overall (group Not reported First-year medical students

2025" breakdown not reported)

Montagna Italy Not Reported CPG 5F/IM; OR 2F/3M; Not reported Senior medical students (final-year

et al, 2025%° ChatGPT 3F/2M internal medicine course)

Nwe et al, Malaysia 204 + 1.27 126F/58M Not reported Pre-clinical (Year |-2 MBBS)

2025

Abbreviations: CPG, Clinical Practice Guidelines; OR, Online repositories; F, Female; M, Male.

Table 5 Summary of Reported Effects of Al on Medical Students’ Clinical Skill Development Across Key Competency Domains

Skill Area Evidence of Improvement with Al Evidence of Neutral Evidence of Impairment / Concern
Effect

Basic Knowledge Strong improvement (Li et al, 2025)'8

acquisition High perceived support for simplifying concepts and

summarizing material (Nwe et al, 2025)*'

Clinical reasoning ChatGPT comparable to Underperforms experts in complex cases (Cigek et al,
accuracy experts (Gigek et al, 2025)'° | 2025;'? Montagna et al, 2025)%°
Speed/efficiency Faster task completion (Li et al, 2025;'® Montagna

et al, 2025)%°

Diagnostic 63.6% perceived improvement in clinical decision Lower than guideline-based reasoning; error propagation
accuracy/decision- making (self-reported) (Nwe et al, 2025)?' from poor prompts (Montagna et al, 2025)20

making

Retention No significant difference (Cigek et al, 2025)'9

Critical appraisal Al exposure increases critical thinking (Cigek et al, 78.8% reported concern regarding a potential loss of

of Al 2025)"° critical thinking skills (Nwe et al, 2025)?'

Higher-order 76.1% perceived Al effective in assisting in solving Students perceived Al as limited in handling complex
reasoning/ clinical problems (Nwe et al, 2025)?' reasoning and innovative thinking (Li et al, 2025)'®
innovation 66.8% rated Al effective in enhancing critical

thinking (Nwe et al, 2025)%'

Over-reliance 83.7% of students raised concern of over-reliance on
technology (Nwe et al, 2025)'

acquisition. However, while students frequently perceive benefits in decision-making and higher order reasoning,
objective evidence indicates that performance in complex clinical reasoning and diagnostic accuracy remains inconsistent
and, in some cases, inferior to expert-derived guidance (Table 5). Importantly, the perceived benefits reported in higher-
order reasoning domains arise from a single cross-sectional self-reported survey, whereas the other included studies

employed objective assessments of clinical performance.

Discussion

This systematic review synthesised evidence from studies involving over 400 medical students across two continents at
various stages of their undergraduate training. The identified studies evaluated the impact of Al-supported learning on clinical
skill acquisition and retention. Across the studies meeting the inclusion and exclusion criteria, Al tools showed some evidence
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of enhanced efficiency and facilitated basic knowledge acquisition. For example, medical students utilising generative Al
completed tasks in less than half the time required by peers employing traditional methods, while also achieving higher
examination scores within the generative Al cohort.'® Similarly, the use of ChatGPT for decision support enabled faster
completion of case-solving exercises compared to conventional approaches.'® These findings align with recent literature
highlighting the potential of Al to improve both efficiency and effectiveness in routine learning processes within medical
education.'* Complementing these objective findings, a cross sectional survey reported high perceived support for simplifying
complex concepts and summarising learning material among preclinical students, although these findings were derived from
subjective student perceptions rather than objective performance measures.”!

Our results provided some evidence of deskilling in medical students when using Al as opposed to more traditional
methods. The study by Li et al showed that the Al group of medical students asked fewer questions (10 versus 35) compared to
the control group.'® Although not definitive, this suggests reduced active engagement, potentially with its associated inquiry-
based learning. This study also reported lower ratings for complex reasoning and innovation, despite students rating Al highly
for basic knowledge, as shown in Table 3. Thus, while medical students completed tasks faster when using Al (2.6 hours
versus 5.5 hours) and scored more highly in assessments, their deeper cognitive engagement appeared diminished, consistent
with deskilling. The study by Li et al focused on preclinical biochemistry tasks for medical students, which might inherently
require less complex reasoning than clinical cases, potentially limiting interpretation of these results. In keeping with this, the
study states that knowledge acquisition and testing of this were the key requirements of the medical students at their stage of
learning as opposed to development of higher order thinking processes.'® However, the chosen methodology of case-based
learning is well recognised as developing higher order thinking in medical education,** and as such the study by Li et al still
has relevance when considering evidence both for deskilling and upskilling impairment.

The randomised controlled trial by Cigek et al included 129 first year medical students and reported significantly
lower medical student performance when using Al feedback compared to traditional expert human feedback for more
challenging clinical scenarios involving urinary tract infections cases with complications as shown in Table 3."” Clinical
reasoning skills were a primary focus of this study. This provides some evidence that reliance on Al feedback may have
resulted in deskilling because the Al and control groups were compared in real time - essentially assessing pre-existing
skills. In particular, this suggests erosion of advanced clinical skills through over-reliance on Al. It is conceivable that the
use of language may have led to less good responses in the intervention (ChatGPT) arm of the study. The expert human
feedback was provided in Turkish, the language used by the medical students, but the ChatGPT answers were produced
in English and then translated into Turkish, an additional step that may have impacted the quality of the output. This
study by Cigek et al only involved first-year medical students with limited clinical experience.'® Their baseline clinical
reasoning ability was therefore likely limited, so differences in complex case performance might reflect prior knowledge
gaps rather than Al-induced deskilling. Such an argument can however be countered as the Key-Features approach used
to assess clinical decision-making skills by Cigek et al has been validated even at such early stages of medical training.*?

In the study by Montagna et al, the medical student group guided by ChatGPT produced less accurate responses than the
control group using guideline-based reasoning, although that might reflect the small total subject number of just 16 students.*
Concerningly, there was evidence of error propagation resulting from poor prompts (Table 3). This suggests that speed of
using Al may have been prioritised over depth of learning, risking skill degradation in clinical decision-making. Nevertheless,
this study did not report significant differences in the clinical decision making between the ChatGPT intervention cohort
compared to those students using traditional methods based on guidelines. However, it is important to note that this sample
size was small, with only 16 students, and as such the presence of upskilling inhibition cannot be excluded in this study.

In the final study by Nwe et al, the effectiveness of Al in medical education was based on respondents’ feedback collected
through an online questionnaire conducted using Google Forms.?! A large proportion of the surveyed students in that study
reported apprehension about over-reliance on technology (83.7%) and the potential loss of critical thinking skills (78.8%).
These concerns were widespread despite concurrent reports of perceived benefit, with 76.1% rating Al as effective for problem
solving and 66.8% for enhancing critical thinking. This coexistence of high perceived usefulness and high levels of concern
suggests that students recognise Al as a valuable educational tool, yet remain aware of its potential risks. Although Al may
support learning and analytical development, there appeared to be apprehension that excessive reliance could compromise the
development of independent reasoning and autonomous clinical judgement during early medical training. Concerningly, only
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3.3% of respondents selected “other” concerns, which included issues such as false or inaccurate information. Given the
documented phenomenon of Al-generated misinformation and hallucinated content, the relatively low proportion of students
identifying this issue may suggest that risks related to output accuracy may be under-recognised by medical students. This is
notable, as uncritical acceptance of inaccurate Al-generated information may undermine opportunities to develop critical
appraisal and clinical reasoning skills, with potential downstream implications for patient safety.

It is important to interpret the findings from that study by Nwe et al with appropriate caution. As a cross-sectional
questionnaire study, the data reflect subjective student perceptions rather than objectively measured performance out-
comes. Furthermore, the survey did not report the use of a validated measurement tool or provide clear definitions of
constructs such as critical thinking or decision-making. Consequently, participants’ responses may have reflected
individual interpretations of these terms rather than standardised or objectively defined measures of cognitive skills.

Our identified studies also found some evidence to suggest upskilling inhibition with Al in medical students, although this
is more challenging to demonstrate, as this requires demonstration of reduced higher-order or advanced skill acquisition when
exposed to new tools. In the study by Li et al, there was evidence of impairment in higher-order reasoning, with students
perceiving Al as more limited in handling complex case reasoning and innovative thinking as shown in Table 3 and Table 5.'®
The Al intervention improved exam performance, but ratings of advanced cognitive skills remained low, indicating some
inhibition of upskilling beyond basic knowledge acquisition required for exams. Limitations in display of more advanced
cognitive skills by medical students studied by Li et al may not only be related to generic effects of using Al to learn but may
also reflect the limitations of Al itself to produce optimal answers when used for teaching. For example, ChatGPT,
a comparable generative Al tool to the Kimi Chat 2.0 used by Li et al, has previously been shown to have limitations
specifically in higher order thinking outputs in clinical biochemistry, the subject area assessed in their study.>* Importantly, the
study by Li et al measured student perceptions rather than objectively assessed higher-order reasoning tasks. Potential student
biases and pre-existing assumptions about AI’s effect on higher-order reasoning could have influenced these results although
the authors did use a pre-study questionnaire to screen out students with extreme positive or negative existing views on the use
of Al tools on the medical biochemistry course.'®

Cigek et al only reported significant differences in key feature scores between Al and expert feedback groups when
considering the more complex case scenarios when comparing immediate retention with delayed performance 10 days
later.'” However, even the delayed test was only 10 days later, which may have been too short to identify significant
retention differences between groups for less complex cases whilst the CEQ format used in this study may not have fully
assessed higher-order reasoning.

Finally, in the article by Montagna et al, guideline-based systems outperformed Al in all domains studied, achieving
higher accuracy and completeness compared to ChatGPT.?’ Al use did not show enhancement of advanced diagnostic
reasoning or evidence of improved decision-making, which could be consistent with upskilling inhibition. This study
could be critiqued, however, for comparing Al with formal guidelines, as guidelines are designed for accuracy and may
serve as an effective gold standard for diagnostic approaches. As such, the measured differences may not be attributable
solely to inhibition of students’ ability to learn advanced reasoning.

Our identified studies have shown that Al may be considered a double-edged sword in medical education: effective for
basic knowledge acquisition yet potentially less reliable for advanced clinical reasoning. While Al clearly offers a personalised
learning environment - allowing learners to input prompts and receive rapid feedback'* - concerns regarding cognitive
erosion, particularly through over-reliance on Al, have been increasingly emphasised.'® Such concerns are especially
pertinent in undergraduate medical education, where foundational reasoning skills are still developing. These risks can be
conceptualised within a framework comprising two mechanisms: deskilling and upskilling inhibition.'" Deskilling refers to
the erosion of previously acquired competencies due to reduced practice, whereas upskilling inhibition denotes missed
opportunities to develop novel skills when tasks are delegated to Al rather than undertaken by the learner.

The studies we identified provide some evidence for both deskilling and upskilling inhibition when Al tools are used
in medical student education. These may occur when medical students bypass cognitively demanding processes - such as
generating differential diagnoses or interpreting ambiguous findings - in favour of rapid Al-generated solutions. These
concerns can be further understood through cognitive theory, particularly dual-process theory. Experienced clinicians
employ clinical reasoning through an interplay of intuitive, rapid System 1 thinking and slower, analytical System 2
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processes.” With expertise, practitioners fluidly transition between these systems, enabling pattern recognition and
deliberate analysis.' However, the ready availability of Al tools offering apparent System 1-type answers may impede
the development of System 2 reasoning, limiting opportunities to consolidate higher-order skills. Over time, this could
impair diagnostic flexibility and the ability to individualise care - hallmarks of expert clinical practice. One positive
counterpoint emerged from the study by Cicek et al, which reported that Al exposure increased students’ critical
appraisal of Al outputs, suggesting potential metacognitive benefits.'” However, this effect appeared contingent upon
deliberate instructional design. In contrast, unstructured or excessive reliance on Al may risk fostering passive learners
who accept algorithmic outputs without verification - a phenomenon documented in other cognitive domains.''

The integration of Al into medical curricula and its adoption by medical students is approaching near-universal
levels.'* Therefore, attempts to restrict its use may be impractical. Despite this, from an educational perspective, Al
should be regarded as a complement rather than a replacement for traditional learning strategies. Appropriate safeguards
are essential to prevent reliance on shortcut learning and to promote independent reasoning. Students should be explicitly
informed about the limitations and potential risks associated with Al outputs at the outset of their medical training.
Although the most conspicuous examples of Al “hallucinations”, such as fabricated references, appear to be diminishing
with technological advancements, they remain a genuine phenomenon that learners must understand.>> Many medical
students remain unaware of the severe academic consequences of plagiarism.*® Additional education in this important
area represents an opportunity to reinforce the dangers of excessive dependence on Al

Medical curricula should also emphasise professional responsibility, particularly the obligation to verify algorithmic
recommendations generated by Al systems. This principle is consistent with guidance issued by the World Health
Organization on the ethical use of Al in health education.” Of paramount importance is the potential risk to future
patients: Al-generated responses cannot be fully relied upon, and excessive dependence without critical appraisal may
ultimately compromise patient safety.

Theoretical cognitive-science research may provide a grounding on how Al use by medical students could be limited in
specific ways to enhance rather than inhibit the development of critical thinking. Cognitive Load Theory, for example,
describes how students build expertise when instructional methods reduce unnecessary cognitive load while preserving
sufficient challenge (the germane load) to promote meaningful learning.”” Applied to Al-supported education, Al systems
could be constrained so that they do not provide complete or polished answers too early so that students still engage fully with
the underlying reasoning processes. One practical approach could be to require that each student generative Al prompt
included a standard instruction prohibiting the generation of fully formed solutions, obliging the generative Al tool to omit key
steps that the learner must supply. As students progress with their learning, even that moderated form of Al assistance could
then be gradually withdrawn, requiring learners to assume increasing responsibility for clinical reasoning. Such an approach
would align with the concept of scaffolding based on Vygotsky’s Zone of Proximal Development.”*~° With scaffolding, the
student is guided by a “more knowledgeable other” who provides temporary support that is progressively removed as the
learner masters more advanced levels of understanding. Traditionally that more knowledgeable other has been an educator, but
large language models could potentially assume such a role as well in the future.

Limitations

This systematic review is subject to several limitations. Despite comprehensive screening, only four studies met the inclusion
criteria without triggering any exclusion criteria. For a domain of such importance - given its potential to profoundly influence
future patient care - the paucity of research is striking. It is particularly surprising that so few studies have examined the
potential for Al to cause harm, such as through deskilling or upskilling inhibition, among medical students. The small number
of eligible studies, combined with heterogeneity in Al applications precludes direct comparisons or meta-analysis.

The demographic distribution shown in Table 5 of the included studies - three of which were conducted in Asia and
none from predominantly English-speaking countries - is in contrast to a long recognised over representation of medical
education literature from North America and Europe.*® However, this simultaneously underscores the lack of representa-
tion from many other regions worldwide in this important area of research. Consequently, caution is warranted when
extrapolating these findings globally. Furthermore, the evidence presented focuses exclusively on short-term outcomes.
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Given that medical education spans approximately five years at medical school and continues throughout professional
practice, long-term studies examining skill retention and independent clinical judgement are urgently needed.

Future Research Directions

Future research should prioritise longitudinal studies to evaluate the sustained impact of Al exposure on clinical
competence. Greater involvement of medical students themselves in study design and the inclusion of their perspectives
on autonomy, confidence, and trust in Al would enhance the relevance and applicability of findings. It is often assumed
that contemporary learners enter medical school with extensive prior exposure to Al tools, a factor that may contrast
sharply with the experience of many senior educators currently conducting research. Failure to account for this potential
generational disparity risks producing misleading conclusions. A major potential limitation for any future study in this
field concerns the adoption of adequate control groups. The use of Al by medical students and university students in
general is already pervasive.'* A recent major study including over 23,000 higher education students from six different
continents demonstrated that over 70% of them had used ChatGPT.>' Therefore careful attention to access to Al for
groups in future studies will be important to allow adequate comparison between control and intervention groups. Further
investigation into deskilling and upskilling inhibition remains critical, given the profound implications of these phenom-
ena and the current paucity of empirical data. Even where evidence currently exists (such as in the three studies identified
in our systematic review), updated study results may be needed to assess subsequent updates in generative Al tools used.
For example, two of the studies we identified used ChatGPT-3.5, a version which has already been superseded by newer
models. Finally, research encompassing geographically diverse cohorts and incorporating cross-cultural analyses would
strengthen the interpretability and generalisability of future findings in this important field.

Conclusion

Al-supported learning offers demonstrable benefits in terms of efficiency and foundational knowledge acquisition for medical
students. However, evidence for its role in fostering higher-order reasoning and complex diagnostic accuracy appears less
robust, with some limited evidence that traditional expert-led teaching results in superior outcomes in these domains.

The deliberate integration of safeguards within medical curricula may help mitigate unintended consequences of Al
used by medical students, such as deskilling and upskilling inhibition. As Al-supported systems increasingly influence
how such students engage with clinical problems, clear pedagogical boundaries are required to ensure that gains in
efficiency do not occur at the expense of independent reasoning and reflective judgement. Specific technical approaches
have already been proposed for such safeguards. Thurzo et al, for example, describes a Trustworthy Ethical Firewall
Architecture for medical and educational Al systems, incorporating formal ethical constraints, transparent audit mechan-
isms, and structured human-oversight escalation protocols. Such frameworks offer a practical model for aligning Al-
enabled learning with educational objectives while preserving human responsibility.*

Substantially more research is required to inform evidence-based strategies for the safe and effective incorporation of
Al into medical education. This should consider not only immediate learning outcomes but also long-term implications
for future patient care. This need is increasingly urgent, as the pace of Al development and adoption within educational
settings continues to outstrip its associated curricular adaptation and formal governance. The design and value structures
of advanced Al systems are largely shaped by a small number of external actors, leaving educators and training
institutions with limited control over technologies that are rapidly becoming embedded in learning environments.>
Without timely development of the corresponding oversight, medical education risks responding reactively to technolo-
gical change rather than actively shaping Al use in a manner that safeguards professional formation and public trust.

Abbreviations
Al, Artificial Intelligence; LMS, Learning Management Software; CEQ ContExtended Questions; CPG, Clinical Practice
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