Table 1. Characteristics of the included studies on artificial intelligence and critical thinking in medical education.

	Nº
	Author(s) / Year
	Design
	Population
	AI Type
	Background
	Theoretical framework
	Instrument
	Main results
	Limitations
	Educational implications

	1
	Alhur (2025) (8)
	Qualitative (interviews and focus groups)
	Medical educators (nursing, pharmacy, medicine, dentistry)
	Generative AI (ChatGPT)
	Higher Medical Education
	I-PACE Model
	Thematic analysis
	89% reported skills atrophy, including reduced critical thinking and decision-making
	Self-reported data; context limited to Palestine
	Need for AI literacy and ethical frameworks

	2
	Papaneophytou & Nicolaou (2025) (26)
	Narrative Review
	Scientists and students of biological sciences
	Chatbots and adaptive platforms
	Undergraduate and Graduate
	Facione and Ennis
	Not reported
	AI improves data analytics, but requires human oversight
	No systematic protocol
	Integrating AI by promoting critical questioning

	3
	Michalczak et al. (2025) (27)
	Narrative Review
	Medical students and residents
	LLM, Simulation, AR/VR
	Undergraduate and Residency
	Superior cognitive abilities
	Not reported
	Improvement in knowledge and short-term diagnostic reasoning
	No studies >6 months
	Embedding AI Literacy in Curriculum

	4
	Hudon et al. (2024)
	Mixed methods
	Clinical Educators and Psychiatry Residents
	ChatGPT 3.5
	Undergraduate
	Script theory
	SCT
	No significant differences vs. experts (p=0.07)
	Convenience Sampling
	Useful for evaluation with expert supervision

	5
	Arkan et al. (2025) (12)
	Randomized controlled trial
	Nursing students
	ChatGPT 3.5
	Undergraduate
	Social Cognitive Theory
	PSI
	Significant improvement in problem solving (p=0.004)
	No longitudinal tracking
	Integrating AI to strengthen decision-making

	6
	Prégent et al. (2025) (15)
	Scope Review
	Students of psychiatry and psychology
	Generative AI and CDSS
	Undergraduate and Graduate
	Constructivism
	Not reported
	AI supports critical reasoning through simulations
	Geographic bias
	Integrating AI Literacy and Ethics

	7
	Sharab et al. (2024)
	Narrative Review
	Dentistry
	Diagnostic algorithms and simulations
	Undergraduate and Residency
	Analytical reasoning
	Adapted rubric
	Dual impact: power or threat critical thinking
	Studies in English
	Prioritizing critical thinking in curriculum

	8
	Alazzawi & Lam (2026) (9)
	Qualitative interviews
	Medical Students
	ChatGPT
	Undergraduate
	TAM Model
	Thematic analysis
	Perception of cognitive externalization
	Small sample
	Reforming Assessment Toward Superior Reasoning

	9
	Simunic et al. (2026) (29)
	Mapping Review
	Oncology Nursing
	ML and CDSS
	Continuing Education
	Digital skills
	Not reported
	Improve clinical judgment with AI training
	Heterogeneity
	AI as support, not replacement

	10
	Abouammoh et al. (2025) (10)
	Exploratory qualitative
	Medical Faculty and Students
	ChatGPT
	Undergraduate and Graduate
	Scientific reasoning
	Focus groups
	Concern about declining critical thinking
	Small sample
	Maintain critical judgment and empathy

	11
	Seneviratne et al. (2025) (42)
	Qualitative
	Medical Students
	ChatGPT
	Undergraduate
	Constructivism
	Focus groups
	Perceived negative impact on critical skills
	No quantitative evaluation
	Ethical education in the use of AI

	12
	Xavier et al. (2026) (11)
	Cross-sectional study
	100 medical students
	ChatGPT-4o
	Undergraduate
	Focus on problem solving
	MCQs
	AI surpassed Google and traditional books
	One-day design
	Teach critical evaluation of AI responses

	13
	Izquierdo-Condoy et al. (2025) (44)
	Point of view
	Medicine and residents
	ChatGPT, Gemini, Claude
	Undergraduate and Graduate
	Clinical Critical Reasoning
	Not applicable
	Dual Effect: Enhancer vs Cognitive Erosion
	No systematic search
	Compulsory digital literacy

	14
	Raj Kumar et al. (2025) (13)
	Quasi-experimental
	Orthopedic Residents
	ChatGPT
	Postgraduate
	Critical Scientific Writing
	Standardized rubric
	Grammar improvement; limited in problem formulation (p=0.210)
	Small cohort
	AI as a supervised supplement

	15
	Ren et al. (2026) (16)
	Systematic review
	Medical Students
	LLM, VR, simulation
	Undergraduate and Graduate
	Clinical reasoning
	OSCE and Reviews
	Significant improvement (p<0.05–0.001)
	Heterogeneity
	Leveled curriculum in AI

	16
	Benlidayi (2024) (36)
	Conceptual editorial
	Health professionals
	ChatGPT
	Health Education
	Not reported
	Not reported
	Risk of bias and reduction of critical skills
	Conceptual approach
	Supervised and ethical use

	17
	Rojas et al. (2024) (34)
	Cross-sectional observational
	National Medical Examination
	ChatGPT 3.5–4V
	Undergraduate
	Troubleshooting
	EUNACOM
	4 versions surpassed 3.5
	Failure in clinical images
	Prioritizing critical discernment

	18
	Sabouni et al. (2025) (30)
	Point of view
	Medicine and dentistry
	GPT-4o
	Professional Education
	Higher Order Thinking
	Not reported
	AI improves reasoning through interactive cases
	Risk of hallucinations
	Supervised Strategic Integration

	19
	Naqvi et al. (2025) (31)
	Review / Outlook
	Health Sciences
	LLM and Simulation
	Undergraduate and Graduate
	Resolution of ethical problems
	Not reported
	AI as augmented intelligence; Risk of cognitive complacency


	Lack of transparency in data
	Integrating ethics and digital literacy

	CDSS: Clinical Decision Support Systems; LLM: Large Language Models; SCT: Script Concordance Test; PSI: Problem Solving Inventory; OSCE: Objective Structured Clinical




Table 2. Studies included in general education on artificial intelligence and critical thinking.

	Nº
	Author(s) / Year
	Objective
	Environment
	Participants
	Design
	Main results
	Strengths and limitations

	
	
	
	
	
	
	
	

	1
	Lee et al., 2025 (32)
	Analyze the relationship between trust in AI and critical thinking
	Knowledge workers
	319 participants
	Mixed survey
	Higher trust in AI was associated with lower critical thinking
	Wide sample; Self-reported data

	2
	Salido et al., 2025 (20,21)
	Identify AI–CT thematic clusters
	Higher Education
	640 documents
	Bibliometrics and review
	Risk of uncritical dependency
	Broad base; Short period analyzed

	3
	Rahmanto et al., 2024 (17)
	Evaluate the impact of AI on CT
	General Education
	Previous studies
	Systematic review
	Impact depends on design and implementation
	Clear synthesis; High heterogeneity

	4
	Vieriu & Petrea, 2025 (48)
	Assess AI's impact on performance
	University
	85 students
	Survey
	Academic benefits with risk of dependency
	Small sample

	5
	Kassenkhan et al., 2025 (21)
	Analyze gamification and AI
	Global education
	101 posts
	Bibliometric
	Improves motivation and critical thinking
	Non-empirical

	6
	El-Ashry et al., 2025 (43)
	Examine AI and CT acceptance
	Universities (Saudi Arabia)
	390 students
	Correlational
	Positive attitude towards AI predicted greater critical motivation
	Non-causal design

	7
	Xiao, 2025 (22)
	Analyze cognitive offloading
	Education
	Not applicable
	Theoretical
	Risk of delegation of cognitive processes
	No empirical data

	8
	Darwin et al., 2024 (49)
	Exploring Student Insights
	Indonesia
	7 students
	Qualitative
	AI supported academic analysis
	Limited Sample

	9
	Zhao et al., 2025 (14)
	Evaluate the effect of GAI on learning
	Primary (China)
	163 students
	Quasi-experimental
	Critical thinking amplified AI effect
	Specific context

	10
	Ninghardjanti et al., 2025 (35)
	Evaluate TAM and CT Model
	University (Indonesia)
	200 students
	Structural Modeling (SEM)
	Attitude towards AI influenced CT
	Cross-sectional design

	11
	Spector & Ma, 2019 (25)
	Promoting CT vs. AI
	General Education
	Not applicable
	Conceptual essay
	AI must empower human intelligence
	Non-empirical

	12
	Szmyd & Mitera, 2024 (41)
	Analyze student perception
	Higher Education
	University students
	Survey
	83% expressed fear of dependency
	Based on perception

	13
	Oliveira et al., 2025 (38)
	Validate CT–GAI scale
	Europe
	931 students
	EFA and CFA
	Moderately positive perception of AI
	Does not measure actual CT

	14
	Özer et al., 2025 (23)
	Examining Negative Effects of AI
	General Education
	Not applicable
	Theoretical review
	Risk of cognitive decline
	Non-empirical

	15
	Gerlich, 2025 (40)
	Analyze AI–CT usage relationship
	Society
	666 participants
	Mixed design
	Negative correlation between frequent use and TC
	No longitudinal tracking

	16
	Hassen, 2025 (37)
	Analyze AI's conceptual impact
	General Education
	Not applicable
	Conceptual analysis
	AI can expand or atrophy critical skills
	No empirical data

	17
	Anwar, 2025 (50)
	Evaluate PAIR Model
	Law (UK)
	Master's students
	Case Study
	Improved critical evaluation
	Limited Sample

	18
	Shukor & Osman, 2025 (18)
	Synthesizing AI–CT Evidence
	Primary and secondary education
	18 studies
	PRISMA Review
	Improved motivation and analysis
	Small number of studies

	19
	Chaparro-Banegas et al., 2024 (3)
	Analyze active methodologies and AI
	Spain
	200 students
	Quasi-experimental
	Active methodologies improved TC
	Self-perception

	20
	Brazão & Tinoca, 2025 (39)
	Analyze the evolution of questioning
	Portugal
	25 students
	Qualitative
	Predominance of high-cognitive questions
	Single case

	21
	Melisa et al., 2025 (20)
	Evaluate the impact of ChatGPT
	Higher Education
	19 studies
	PRISMA Review
	Benefits with risk of dependency
	Short period

	22
	Kenedy, 2024 (24)
	Analyze pedagogical discrepancies
	Higher Education
	Not applicable
	Theoretical essay
	Need for explicit teaching of CT
	Non-empirical

	23
	Chara-De los Ríos et al., 2025 (19)
	Review AI–CT methodologies
	Basic and higher education
	29 studies
	PRISMA Review
	AI supports argumentative analysis
	Heterogeneity

	24
	Paulo Braz, 2025 (51)
	Assess levels of questioning
	Higher Education
	136 dialogue logs
	Qualitative analysis
	AI fostered metacognition
	Possible research bias






