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	Course/Task (Experiment Scenario)
	Study Design
	Duration
	Sample Size (Programme, % of female)
	Research Method

	Afzaal et al. (2024)
	Programming course (Course)
	Experimental study (posttest)
	10 weeks
	356 (UG, NR)
	QN

	An and Wang (2023)
	Gastroscopy training (Training)
	RCT (posttest)
	4 years
	32 (PG, 65.6%)
	QN

	Chang et al. (2022)
	Obstetric vaccination knowledge training (Training)
	Quasi-experimental study (pretest-posttest)
	2 weeks
	36 (UG, NR)
	M

	Chang et al. (2024)
	Nursing and health education design course (Course module)
	Quasi-experimental study (pretest-posttest)
	4 hours
	50 (UG, NR)
	QN

	Z. Chen and Yu (2020)
	Entrepreneurship psychology education course (Course)
	Experimental study (pretest-posttest)
	~1 month
	518 (NR, NR)
	QN

	Cheng (2017)
	Advanced English for university studies course (Course)
	Experimental study (posttest)
	14 weeks
	138 (UG, 52.2%)
	M

	Chiu et al. (2022)
	Elective art course (Course module)
	Quasi-experimental study (pretest-posttest)
	9 hours
	46 (UG, NR)
	QN

	Conati et al. (2021)
	Evaluation of the ACSP applet hints (Experiment)
	RCT (pretest-posttest)
	~3 hours
	47 (UG, 51.4%)
	M

	Dai and Wu (2023)
	College English course (Course)
	Quasi-experimental study (pretest-posttest-delayed posttest)
	1 semester
	180 (UG, 66.7%)
	M

	Darban (2023) 
	Management information system course (Course)
	Experimental study (pretest-posttest)
	16 weeks
	344 (PG, 43.0%)
	QN

	Dizon and Gayed (2021)
	L2 writing (Course)
	Quasi-experimental study (within-subjects design with counterbalancing)
	8 weeks
	31 (UG, NR)
	QN

	Escalante et al. (2023)
	Academic reading and writing language course (Course)
	Study 1: Quasi-experimental study (pretest-posttest); Study 2: Survey
	Study 1: 6 weeks; Study 2: 6 weeks
	Study 1: 48 (NR, 56.3%); Study 2: 43 (NR, 69.8%)
	M

	Essel et al. (2022)
	Multimedia programming course (Course)
	Quasi-experimental study (pretest-posttest)
	16 weeks
	68 (UG, 55.9%)
	M

	Essel et al. (2024)
	Quantitative research methodology course (Course; Flipped classroom)
	Experimental study (pretest-posttest)
	12 weeks
	125 (UG, 39.2%)
	M

	Fazlollahi et al. (2022)
	Surgical training (Training)
	RCT
	3 months
	70 (UG, 58.6%)
	QN

	Fazlollahi et al. (2023)
	Surgical training (Training)
	RCT
	3 months
	46 (UG, 58.7%)
	QN

	Y. Guo and Lee (2023)
	Introductory chemistry course (Course)
	Quasi-experimental study (within-subjects; pretest-posttest)
	1 semester
	29 (UG, NR)
	M

	K. Guo et al. (2023)
	Academic speaking and writing course (Course module)
	Quasi-experimental study (pretest-posttest)
	Two 90-min sessions
	44 (UG, 54.5%)
	M

	Hakiki et al. (2023)
	Technology learning (Course)
	Quasi-experimental study (pretest-posttest)
	NR
	62 (NR, NR)
	QN

	Han et al. (2022)
	Nursing skills training related to EFM (Training)
	Quasi-experimental study (pretest-posttest)
	13 days
	61 (UG, 91.8%)
	QN

	Hasan and Khan (2023)
	Introductory course on discrete structures (Course)
	RCT (pretest-posttest)
	12 weeks
	65 (UG, NR)
	M

	Howard et al. (2017)
	Tasks on linked list data structures (Experiment)
	Experimental study (pretest-posttest)
	85 mins
	25 (UG, 12.0%)
	QN

	Huang et al. (2023)
	Systems programming course (Course; Flipped classroom)
	Quasi-experimental study (pretest-posttest)
	9 weeks
	102 (NR, NR)
	QN

	Jiang et al. (2022)
	Foreign language learning (Course; Flipped classroom)
	Quasi-experimental study (pretest-posttest)
	14 weeks
	63 (UG, 82.5%)
	QN

	Jiang et al. (2023)
	Foreign language learning (Course; Flipped classroom)
	Quasi-experimental study (pretest-posttest)
	14 weeks
	160 (UG, 78.7%)
	QN

	Kaiss et al. (2023)
	C programming module (Course module)
	Quasi-experimental study (within-subjects; pretest-posttest)
	2 weeks
	71 (UG, 73.2%)
	QN

	Kavadella et al. (2024)
	Dentomaxillofacial radiology module (Course module)
	Experimental study (posttest; flipped classroom)
	1 month
	77 (UG, NR)
	M

	Koć-Januchta et al. (2020)
	Introductory Biology course (Course module)
	Quasi-experimental study (pretest-posttest)
	4 days
	20 (UG, NR)
	M

	Lee et al. (2022)
	Healthcare course (Course module)
	Quasi-experimental study (pretest-posttest)
	2 weeks
	38 (UG, 78.9%)
	M

	Liaw et al. (2023)
	Interprofessional nurse-physician communication training (Training)
	Quasi-experimental study (within-subjects; pretest-posttest)
	2 hours
	32 (UG, 75.0%)
	M

	Lin and Mubarok (2021)
	English speaking course (Course module; Flipped classroom)
	Quasi-experimental study (pretest-posttest)
	5 weeks
	50 (UG, NR)
	M

	Liu et al. (2016)
	Clinical communication skills training (Training)
	Randomized crossover trial (pretest-posttest)
	13 weeks
	268 (UG, 58.0%)
	QN

	Lv (2023)
	Piano course (Course)
	Experimental study (pretest-posttest)
	1 semester
	118 (UG, 50.0%)
	QN

	Mahapatra (2024)
	Writing training (Training)
	Quasi-experimental study (pretest-posttest-delayed posttest)
	1 month
	72 (UG, NR)
	M

	Nazari et al. (2021)
	Online course for research writing (Course)
	RCT (posttest)
	12 weeks
	120 (PG, 44.2%)
	QN

	Niloy et al. (2024)
	Creativity writing task (Experiment)
	Experimental study (pretest-posttest)
	~4 hours
	600 (UG&PG, 50.0%)
	QN

	Rokhayani et al. (2022)
	English grammar in written discourse (Course)
	Quasi-experimental study (within-subjects; pretest-posttest)
	NR
	43 (UG, NR)
	M

	Saravia‐Rojas et al. (2024)
	Scientific writing assignments (Training)
	Quasi-experimental study (within-subjects)
	2 weeks
	55 (UG, 71.4%)
	QN

	El Shazly (2021)
	English listening and speaking EFL course (Course module)
	Quasi-experimental study (within-subjects; pretest-posttest)
	8 weeks
	48 (UG, 79.1%)
	M

	Shorey et al. (2023)
	Communication skills training (Training)
	Quasi-experimental study (pretest-posttest)
	2 years
	104 (UG, 78.8%)
	QN

	Simsek-Cetinkaya and Cakir (2023)
	Breast feeding training (Training)
	RCT (posttest)
	3 days
	103 (UG, 68.8%)
	QN

	Sun et al. (2023)
	Research ethics course (Course)
	Quasi-experimental study (pretest-posttest)
	NR
	182 (PG, 53.3%)
	QN

	Tegos and Demetriadis (2017)
	HCI assignment (Course module)
	Experimental study (pretest-posttest)
	~90 mins
	72 (UG, 25.0%)
	QN

	Urban et al. (2024)
	Creative problem-solving task (Experiment)
	Experimental study (pretest-posttest)
	~30 mins
	145 (UG&PG, 68.3%)
	QN

	Vicente-Yagüe-Jara et al. (2023)
	Creative imagination test for adults (Experiment)
	Quasi-experimental study (within-subjects; pretest-posttest)
	1 hour
	193 (UG&PG, 79.3%)
	QN

	L. Wei (2023)
	English learning (Course)
	Experimental study (pretest-posttest)
	10 weeks
	60 (UG, 60.0%)
	M

	Wolfe et al. (2015)
	Online module regarding genetic testing for breast cancer risk (Experiment)
	Experimental study (pretest-posttest)
	60-90 mins
	410 (UG, 100.0%)
	QN

	Yang and Shulruf (2019)
	Suturing and ligature skills training (Training)
	Quasi-experimental study (prospective pilot study; posttest)
	3 months
	72 (UG, 53.8%)
	QN

	Yilmaz and Karaoglan Yilmaz (2023)
	University-level programming course (Training; Flipped classroom)
	Experimental study (pretest-posttest)
	7 weeks
	45 (UG, 24.4%)
	QN

	Yin, Goh, et al. (2021)
	Computer Science class (Course module; Micro-learning)
	Quasi-experimental study (pretest-posttest)
	~80 mins
	99 (UG, 91.9%)
	QN

	Zhang et al. (2023)
	EFL argumentative writings (Training)
	Quasi-experimental study (within-subjects; pretest-posttest)
	5 weeks
	15 (UG&PG, 80.0%)
	M

	X. Zhao et al. (2020)
	Medical interns training in cardiovascular imaging (Training; Blended teaching)
	Quasi-experimental study (posttest)
	1 year
	110 (NR, NR)
	QN

	Zheng, Fan, Chen, et al. (2023)
	Collaborative learning task (Experiment)
	Quasi-experimental study (pretest-posttest)
	~4 hours
	189 (UG, 91.5%)
	M

	Zheng, Fan, Gao, et al. (2024)
	Collaborative learning task (Experiment)
	Quasi-experimental study (pretest-posttest)
	3 months
	153 (UG, 88.9%)
	M

	Zheng, Fan, Huang, et al. (2024)
	Collaborative learning task (Experiment)
	Quasi-experimental study (pretest-posttest)
	NR
	135 (NR, 88.9%)
	M

	Zheng, Long, Chen, et al. (2023)
	Collaborative learning task (Experiment)
	Quasi-experimental study (pretest-posttest)
	3 months
	144 (NR, 87.5%)
	M

	Zheng, Long, Niu, et al. (2023)
	Collaborative learning task (Experiment)
	Quasi-experimental study (pretest-posttest)
	~4 hours
	108 (NR, 91.7%)
	M

	Zheng, Niu, et al. (2023)
	Collaborative learning task (Experiment)
	Quasi-experimental study (pretest-posttest)
	~4 hours
	120 (UG, 89.2%)
	M

	Zheng, Niu, et al. (2022)
	Collaborative learning task (Experiment)
	Experimental study (pretest-posttest)
	275 mins
	72 (UG, 88.9%)
	M

	Zheng, Zhong, & Fan (2023a)
	Collaborative learning task (Experiment)
	Quasi-experimental study (pretest-posttest-delayed posttest)
	5 months
	189 (UG, 85.2%)
	M

	Zheng, Zhong, & Fan (2023b)
	Collaborative learning task (Experiment)
	Quasi-experimental study (pretest-posttest-delayed posttest)
	3 months
	60 (UG, 88.3%)
	M

	Zheng, Zhong, et al. (2022)
	Collaborative learning task (Experiment)
	Quasi-experimental study (pretest-posttest)
	290 mins
	60 (UG, 88.3%)
	M

	Zheng et al. (2021)
	Collaborative learning task (Experiment)
	Quasi-experimental study (pretest-posttest)
	~4 hours
	66 (NR, 87.9%)
	M


* Note: QI: Qualitative study; QN: Quantitative study; M: Mix-method study; UG: Undergraduate; PG: Postgraduate; RCT: Randomized control trial; NR: Not reported
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	AI Tools
	Involved Algorithms
	Training Dataset
	AI-Enabled Information Presentation 
	Role of AI

	Afzaal et al. (2024)
	[bookmark: _Hlk174627668]CFS
	LR, KNN, SVM, RF, artificial neural network, BayesNet, DICE
	Historical data from past students of the course
	Dashboard (text, chart)
	AE, PFR

	An and Wang (2023)
	AIDRS
	NR
	NR
	Interface (text, visual)
	AE, PFR

	Chang et al. (2022)
	Disease Manager
	NLP (NR)
	NR
	Chatbot (text)
	PFR, IT

	Chang et al. (2024)
	ChatGPT
	GPT
	NR
	Chatbot (text)
	PFR, IT

	Z. Chen and Yu (2020)
	CFS
	Probabilistic matrix factorization algorithm
	Crawled data from entrepreneurship website platform
	Interface (text)
	PFR

	Cheng (2017)
	CFS
	Natural language toolkit, latent semantic analysis
	Historical data from past students of the course
	Interface (text)
	AE

	Chiu et al. (2022)
	CFS
	ResNet-50
	A collection of art databases tailored for the course content
	Interface (text)
	AE

	Conati et al. (2021)
	CFS
	K-means, associative classification
	Historical data from past students using CSP applet without adaptive hints.
	Applet (text, graph)
	AE, PFR

	Dai and Wu (2023)
	WeChat
	ASR (NR)
	NR
	Transcript / feedback (text)
	AE

	Darban (2023) 
	ChatGPT
	GPT
	NR
	Chatbot (text)
	PFR, IT

	Dizon and Gayed (2021)
	Grammarly
	NR
	NR
	Interface (text)
	AE

	Escalante et al. (2023)
	ChatGPT
	GPT-4
	NR
	Feedback (text)
	AE

	Essel et al. (2022)
	LCDP (FlowXO)
	NLP (NR)
	Chats database accumulated in a learning management system
	Chatbot (text)
	PFR, IT

	Essel et al. (2024)
	ChatGPT
	GPT-3
	NR
	Chatbot (text)
	AE, PFR, IT

	Fazlollahi et al. (2022)
	VOA
	NR
	NR
	Interface (text, graph)
	AE, PFR

	Fazlollahi et al. (2023)
	VOA
	NR
	NR
	Interface (text, graph)
	AE, PFR

	Y. Guo and Lee (2023)
	ChatGPT
	GPT
	NR
	Chatbot (text)
	PFR, IT

	K. Guo et al. (2023)
	CFS
	NLP (convolutional neural network)
	Database consisting of 400 arguments related to the five topics
	Chatbot (text, graph)
	AE, PFR, IT

	Hakiki et al. (2023)
	ChatGPT
	GPT
	NR
	Chatbot (text)
	PFR, IT

	Han et al. (2022)
	LCDP (Landbot)
	NLP (NR)
	Historical data from past students of the course
	Chatbot (text)
	AE, PFR, IT

	Hasan and Khan (2023)
	CFS
	ML classifier (NR)
	Historical data from past students of the course
	Message (text)
	PFR

	Howard et al. (2017)
	CFS
	K* classifier, Jrip
	Annotated corpus of 54 human peer interactions
	Chatbot (text)
	PFR, IT

	Huang et al. (2023)
	CFS
	Bayes’ theorem, LR
	Historical data from past students of the course
	Interface (text)
	AE, PFR

	Jiang et al. (2022)
	iFlyRec
	ASR (NR)
	NR
	Transcript (text)
	AE

	Jiang et al. (2023)
	iFlyRec
	ASR (NR)
	NR
	Transcript (text)
	AE

	Kaiss et al. (2023)
	LCDP (Dialogflow)
	NLP (NR)
	LearnerDB, LResourceDB, Learning resources from Moodle
	Chatbot (text)
	AE, PFR

	Kavadella et al. (2024)
	ChatGPT
	GPT
	NR
	Chatbot (text)
	PFR, IT

	Koć-Januchta et al. (2020)
	CFS
	NLP (NR)
	NR
	Interface (text)
	AE, PFR, IT

	Lee et al. (2022)
	Disease Manager
	NLP (BERT)
	NR
	Chatbot (text)
	PFR, IT

	Liaw et al. (2023)
	LCDP (Dialogflow)
	NLP (NR)
	Self-prepared detailed dialogue flows, flowcharts and spreadsheets
	Chatbot (text, audio, visual)
	AE, PFR

	Lin and Mubarok (2021)
	Replika
	NR
	NR
	Chatbot (text, audio)
	AE, PFR, IT

	Liu et al. (2016)
	EQClinic
	NR
	NR
	Interface (text)
	AE

	Lv (2023)
	Maestoso
	Deep neural network
	Historical data from past students of the course
	Interface (text)
	AE

	Mahapatra (2024)
	ChatGPT
	GPT
	NR
	Chatbot (text)
	AE

	Nazari et al. (2021)
	Grammarly
	NR
	NR
	Interface (text)
	AE

	Niloy et al. (2024)
	ChatGPT
	GPT
	NR
	Chatbot (text)
	PFR, IT

	Rokhayani et al. (2022)
	Existing AI system
	NR
	NR
	Chatbot (text)
	PFR, IT

	Saravia‐Rojas et al. (2024)
	ChatGPT
	GPT
	NR
	Chatbot (text)
	PFR

	El Shazly (2021)
	Mondly, Web chatbots
	NR
	NR
	Chatbot (text, audio)
	AE, PFR, IT

	Shorey et al. (2023)
	LCDP (Dialogflow)
	NLP (NR)
	Self-developed scenario content using the Master Interview Rating Scale framework
	Chatbot (text, audio, visual)
	AE, PFR

	Simsek-Cetinkaya and Cakir (2023)
	AI-AISBS
	NR
	NR
	Chatbot (text, audio)
	AE

	Sun et al. (2023)
	CFS
	ML classifier (NR)
	NR
	Interface (chart)
	AE

	Tegos and Demetriadis (2017)
	CFS
	Levenshtein-based string similarity algorithm, WordNet lexicon
	Specific database with HCI knowledge
	Chatbot (text, audio)
	PFR, IT

	Urban et al. (2024)
	ChatGPT
	GPT
	NR
	Chatbot (text)
	PFR, IT

	Vicente-Yagüe-Jara et al. (2023)
	ChatGPT
	GPT
	NR
	Chatbot (text)
	AE, PFR, IT

	L. Wei (2023)
	Duolingo
	NR
	NR
	Interface (text, audio)
	AE, PFR, IT

	Wolfe et al. (2015)
	LCDP (AutoTutor)
	NLP (NR)
	Self-developed verbal database from human respondents; BRCA Gist content from the National Cancer Institute website
	Chatbot (text, audio, graphic)
	AE, PFR, IT

	Yang and Shulruf (2019)
	WKS-2RII
	NR 
	NR
	Interface (text)
	AE, PFR, IT

	Yilmaz and Karaoglan Yilmaz (2023)
	ChatGPT
	GPT
	NR
	Chatbot (text)
	PFR, IT

	Yin, Goh, et al. (2021)
	LCDP (Dialogflow)
	NLP (NR)
	“Conversion of Numerical Systems” chapter in “Basic College Computer” textbook
	Chatbot (text)
	AE, PFR, IT

	Zhang et al. (2023)
	LCDP (ManyChat)
	NLP (NR)
	Well-established learning materials
	Chatbot (text)
	AE, PFR, IT

	X. Zhao et al. (2020)
	Case Resource Network Platform (CRNP)
	NR
	NR
	Interface (visual (2D, 4D))
	PFR

	Zheng, Fan, Chen, et al. (2023)
	CFS
	BERT, BiLSTM, CRF
	Historical data from past students of the task
	Interface (text, graph)
	AE, PFR

	Zheng, Fan, Gao, et al. (2024)
	CFS
	BERT, BiLSTM, CRF, knowledge graph convolutional network
	Historical data from past students of the task
	Interface (text, graph)
	AE, PFR

	Zheng, Fan, Huang, et al. (2024)
	CFS
	BERT, CRF, BiLSTM
	Historical data from past students of the task
	Interface (text, graph)
	AE, PFR

	Zheng, Long, Chen, et al. (2023)
	CFS
	BERT, BiLSTM, CRF
	Historical data from past students of the task
	Interface (text, graph)
	AE

	Zheng, Long, Niu, et al. (2023)
	CFS
	BERT
	Historical data from past students of the task
	Interface (text, graph)
	AE

	Zheng, Niu, et al. (2023)
	CFS
	BERT, BiLSTM, CRF, RF
	Historical data from past students of the task
	Interface (text, graph)
	AE, PFR

	Zheng, Niu, et al. (2022)
	CFS
	BERT
	Historical data from past students of the task 
	Interface (text, graph)
	AE

	Zheng, Zhong, & Fan (2023a)
	CFS
	BERT, LDA, LDAvis
	Historical data from past students of the task
	Interface (text, graph)
	AE, PFR

	Zheng, Zhong, & Fan (2023b)
	CFS
	BERT
	Historical data from past students of the task
	Interface (text, graph)
	AE, PFR

	Zheng, Zhong, et al. (2022)
	CFS
	BERT
	Historical data from past students of the task
	Interface (text, graph)
	AE

	Zheng et al. (2021)
	CFS
	BERT
	Historical data from past students of the task
	Interface (text, graph)
	AE, PFR


* Note: LR: Logistic regression; KNN: K-nearest neighbours; SVM: Support vector machine; RF: Random forest; NLP: Natural language processing; GPT: Generative pre-trained transformer; ASR: Automatic speech recognition; BERT: Bidirectional encoder representations from transformers; BiLSTM: Bidirectional LSTM; CRF: Conditional random field; CFS: Coding from scratch; LCDP: Low-code development platforms; AE: Assessment and evaluation; PFR: Personalized feedback and recommendations; IT: Intelligent tutoring; NR: Not reported.
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 Table A.3. Description of learning outcomes
	
	Comparison groups
	Discipline
	Cognitive
	Skill-based
	Affective

	Afzaal et al. (2024)
	Studying (with vs. without) access to dashboard
	Computer science (programming)
	KNWL: Learning performance (+, dashboard usage frequency)
SR: Self-regulated learning (% positive): forethought (goal setting: 92%, planning: 93%, motivation: 81%), performance (putting plans into action: 87%, monitoring: 98%, time management: 43%), reflection (self-evaluation: 95%)
	
	ME (% positive): Motivation (81%)

	An and Wang (2023)
	Training (with vs. without) AIDRS
	Medical (gastroenterology)
	
	MS: Performance score (+), success rate of gastroscopy (+), detection rate of lesions (+), pain scores of patients (-), average time for gastroscopy (-)
	P: Satisfaction (+)

	Chang et al. (2022)
	Studying through (chatbot-based vs. conventional didactic instruction) approach
	Medical (obstetric vaccination knowledge)
	KNWL: Knowledge learning (+)
	
	ME: Enhancing learning engagement
SE: Self-efficacy (+)
P: Ease of use (user-friendly)

	Chang et al. (2024)
	Studying through (CIDI model-based ChatGPT vs. traditional lecture-based) approach
	Medical (nursing health education)
	HOT: Critical thinking (+), problem solving (+)
	
	P: Learning enjoyment (+)

	Z. Chen and Yu (2020)
	Studying (supplemented vs. not supplemented) by entrepreneurship project recommendation systems
	Entrepreneurship psychology
	
	
	ATT: Entrepreneurial attitude: entrepreneurial toughness (+), strength (+), optimism (+), possibility (+), behavioral tendency (+)

	Cheng (2017)
	Receiving instruction on reflective writing (with vs. without) access to a web-based classification system 
	Language learning
	
	WS: Analysis, reformulation and future application (+), strategy application (+), external influences (+)
	P (% positive): Helpfulness (70%), willingness to use (55%), ease of use (23%), quick feedback (13%)
Concern: technical effectiveness (classification accuracy); affective issue (care and encouragement from the teacher); and psychological effect (motivation to further improve reflective writing)

	Chiu et al. (2022)
	Studying through (deep learning-based art learning system vs. conventional technology-supported) learning approach
	Art (artwork appreciation)
	KNWL: Artwork appreciation learning (+)
	PS: Painting performance (pattern: +, space: +, color: +, theme: +)
	ATT: Learning attitude (+)
ME: Learning motivation (intrinsic: +, extrinsic: +)
SE: Self-efficacy (+)
P: Degree of satisfaction (+), technology acceptance (usefulness: +, ease of use: +)

	Conati et al. (2021)
	Studying algorithm using ACSP applet (with vs. without explanation on hints)
	Computer science (algorithm for constraint satisfaction problem)
	KNWL: Algorithm learning (=, moderator: user characteristics)
	
	P: Intention to use (+), helpfulness (+), trustfulness (+)

	Dai and Wu (2023)
	Receiving (ASR feedback from WeChat (Auto-ASR) vs. peer feedback (Co-non-ASR) vs. peer plus ASR feedback (Co-ASR))
	Language learning (pronunciation learning)
	
	CS: Within-subjects: comprehensibility (+), segmental accuracy (+), word stress accuracy (+), Between-subjects (posttest and delayed posttest): comprehensibility, segmental accuracy, word stress accuracy: Co-ASR = Co-non-ASR > Auto-ASR
	P: Affordance: technical (convenience & repetition), social (interaction & rapport, sense of responsibility, sense of autonomy), educational (immediate feedback, effective scaffolding, attention to word linking and reading speed)
Concerns: technical (internet connection, robustness of ASR), social (unwillingness to work with peers, not being supervised), educational (peers’ proficiency, more learning support needed)

	Darban (2023) 
	Quantitative survey-based approach
	Business (information systems)
	KNWL: Perceived knowledge update (+, AI interactivity, perceived AI trust, perceived AI ethics, team AI shared mental models)
	
	ME: Motivation to learn (knowledge update)

	Dizon and Gayed (2021)
	Counterbalanced design (non-Grammarly and Grammarly)
	Language learning (mobile writing)
	
	WS: Grammatical errors (-), lexical richness (+), writing fluency (=), syntactic complexity (=)
	

	Escalante et al. (2023)
	Study 1: Receiving writing feedback from (ChatGPT vs. human tutor)
Study 2: N/A
	Language learning (academic writing)
	
	WS: Academic writing score: within-subjects (+), between-subjects (=)
	P: Study 2: preference (=), satisfaction (=), clarity (=), helpfulness (=)

	Essel et al. (2022)
	Interacting with (AI chatbot vs. facilitator) on WhatsApp group platform
	Computer science (multimedia programming)
	KNWL: Academic learning achievement (+)
HOT (% agree): Inability to think in depth (32.4%)
	
	ME: Interaction (+)
SE (% agree): Self-belief in learning effectiveness (11.7%)
P (% agree): Ease of use (29.4%), instant feedback (44.1%) 
Concern: outdated / dearth of information

	Essel et al. (2024)
	(Engaging vs. not engaging) with ChatGPT for in-class tasks
	Research methodology
	HOT: Critical thinking (i.e., critical thinking (+), critical openness (+), reflective skepticism (+)), creative thinking (i.e., creative thinking (+), courage (+), innovative search (+), inquisitive (+), self-discipline (+), doubt (+), flexible (+)), reflective thinking (reflective thinking (+), understanding (+), habitual (+), critical reflection (+), reflection (+))
	
	SE (% agree): Enhanced self-efficacy and confidence (80.0%)
P (% agree): Interactive, human-like, and engaging (86.7%), pacing in learning (86.7%), efficient in providing response (100%), want to use for research activities (93.3%)
Concerns (% agree): provision of incorrect information (33.3%), generated false citations / references (80.0%)

	Fazlollahi et al. (2022)
	Training with (AI audio-visual metric-based feedback (VOA group) vs. synchronous verbal scripted debriefing and instruction from a remote expert (Instructor group) vs. no feedback)
	Medical (surgical simulation training)
	
	MS: Practice tumor subpial resection performance (+): Mean expertise scores: VOA > Instructor = CG; realistic tumor resection performance: Mean expertise scores: VOA > Instructor = CG; mean global OSATS: VOA = Instructor = CG; respect for tissue and economy of movement: VOA > CG; instrument handling: Instructor > CG
Overall: VOA > CG
	P: Within-subjects: positive activating emotion (+), negative activating emotion (-); Between-subjects: cognitive load (=), positive activating (=), negative emotions (=), AI acceptance: preference of joint expert instruction and AI tutoring (96%)

	Fazlollahi et al. (2023)
	Training with (AI audio-visual metric-based feedback (VOA group) vs. established expert benchmarks vs. no feedback)
	Medical (surgical simulation training)
	
	MS: Within-subjects (metrics): VOA: total (42), during resection (20); CG: total (10), during resection (0); Between-subjects (important skills listed):
rate of healthy tissue removal (+), focused bimanual control of the operative field (+), applying steady force with the bipolar forceps in the nondominant hand (-), velocity (-), acceleration in the dominant hand (-), rate of tumor removal (-)
	

	Y. Guo and Lee (2023)
	Within-subjects (before and after)
	Chemistry
	HOT: Ask insightful and probing questions (+), analyze information and make logical conclusions (+), understand complex concepts (+), critical thinking skills (- with increased usage frequency) 
	
	SE: Self-efficacy to think critically (+), confidence to ask insightful and probing questions (+)


	K. Guo et al. (2023)
	Studying argumentation through (chatbot-assisted in-class debates training vs. traditional debate training) 
	Language learning (argumentation learning)
	HOT: Structural complexity: claim (+), data and warrants (+), subordinate claim (=), counterarguments (=), rebuttal claim (=), subordinate rebuttal claim (=), rebuttal data and warrant (=), structural complexity level (=)
Argument quality: organization (+), sufficiency (+), elaboration (+), clarity (=), relevance (=), persuasiveness (=), addressing the opposing view (=)
	
	ME: Task enjoyment (+), reported effort (+), result assessment (=), perceived relevance / usefulness (=)

	Hakiki et al. (2023)
	Studying with (ChatGPT vs. conventional methods)
	Technology education
	KNWL: Learning in technology education (+)
	
	

	Han et al. (2022)
	Attending (video lectures vs. video and chatbot lectures) for skill promotion 
	Medical (EFM)
	KNWL: Knowledge learning (=)
HOT: Clinical reasoning competency (=)
SR: Interest in self‐directed learning (+)
	
	SE: Confidence in fetal health assessment (=)
P: Feedback satisfaction (=), interest in education (+)

	Hasan and Khan (2023)
	(Receiving vs. not receiving) AI message intervention 
	Mathematics (discrete structures)
	KNWL: Passing rate (+)
	
	ME (% positive): User engagement (~58%)
P (% positive): AI helpfulness (~86%)

	Howard et al. (2017)
	Studying with (experimental vs. control) version of KSC-PaL
	Computer science (linked list data structures)
	KNWL: Learning effect (within-subjects: +, between-subjects: =), task initiative shifts (+)
	
	

	Huang et al. (2023)
	Receiving instructions (with vs. without) AI-enabled personalized video recommendations
	Computer science (systems programming)
	KNWL: Learning outcome (= for all students, + for students with moderate motivation levels)
	
	ME: Learning engagement (+ for students of moderate level of learning motivation), motivation improvement (% agree) (65% in EG vs. 53% in CG), motivation reduction (35% in EG vs. 47% in CG)

	Jiang et al. (2022)
	Practicing pre-class oral tasks (with vs. without) iFlyRec
	Language learning (vocabulary learning)
	
	CS: Between-subjects: lexical complexity (G-index (+), vocd-D (+), textual lexical diversity (+)), lexical accuracy (=), speed fluency (+); Within-subjects: lexical complexity (G-index (+, both), vocd-D (+, EG), textual lexical diversity (+, EG)), lexical accuracy (=, EG and CG), speed fluency (+, EG)
	

	Jiang et al. (2023)
	Practicing pre-class oral tasks (with vs. without) iFlyRec
	Language learning (oral learning)
	
	CS: Between-subjects: accuracy (lexical accuracy (=), morphosyntactic accuracy (=), phonological accuracy (+)), fluency (speed fluency (+), repair fluency (+), breakdown fluency (=)); Within-subjects (group): accuracy (lexical accuracy (+, EG and CG), morphosyntactic accuracy (+, both), phonological accuracy (=, EG and CG)), fluency (=, EG and CG)
	

	Kaiss et al. (2023)
	Within-subjects (before and after)
	Computer science (C programming)
	KNWL: Knowledge learning achievement (+)
	
	P (% positive): Interest, helpfulness, recommendation satisfaction (73%), chatbot satisfaction (91%)

	Kavadella et al. (2024)
	Completing learning assignment (with the help of ChatGPT vs. using traditional literature search method)
	Medical (radiation biology and radiation protection in the dental office)
	KNWL: Knowledge learning outcome (+)
	
	P: Human-like interface, immediate response, wide knowledge base
Concerns: need for rephrasing the prompts to get a relevant answer, general content, false citations, incapability to provide images or videos

	Koć-Januchta et al. (2020)
	Learning through (AI book for 2 days, then the E-book for 2 days, vs. vice versa.)
	Biology
	KNWL: Within-subjects: learning outcome (+); Between-subjects: learning time (-), signaling knowledge (retention: =, comprehension: =), energy knowledge (retention: =, comprehension: =)
	
	P: Usability (=), cognitive load (=), interactive digital affordances, helpfulness, instant feedback, multimodal interactivity
Concerns: improper and irrelevant learning resource

	Lee et al. (2022)
	Completing after-class review through (AI-based chatbot and printed textbook vs. traditional review involving interactions with the teacher and the printed textbook)
	Medical (public health)
	KNWL: Academic performance (+)
	
	ATT: Learning attitude (+)
ME: Learning motivation (+), facilitating learning engagement, ubiquitous learning, and personalized learning factors that enhance intrinsic motivation
SE: Self-efficacy (+)
Concern: limited interaction and understanding

	Liaw et al. (2023)
	Within-subjects (before and after)
	Medical (interprofessional communication)
	KNWL: Communication knowledge (+)
	
	SE: Interprofessional communication self-efficacy (+)
P: Acceptability, feasibility, usability
Concerns: lack of clinical sense of urgency and realism of conversations, unnatural and rigid with limited comprehension of speech to respond accurately, limited scenario inclusivity

	Lin and Mubarok (2021)
	Studying through (mind map-guided AI chatbot approach vs. conventional AI chatbot approach) 
	Language learning (English speaking)
	
	CS: English oral performance (+), students’ interactive behavior (inquiry (+), clarification (+), surmise (+), confirmation (=), initiation (=), challenge (=), and suggestion (=)), AI-chatbot interactive behavior (diagnosis (+), inquiry (=), suggestion (+), stimulation (=), warning (=))
	ME: Promotion of interaction (engagement)

	Liu et al. (2016)
	Crossover trial (online EQClinic training during weeks 1–5 or during weeks 8–11)
	Medical (clinical communication)
	
	CS: Clinical communication skill (+)
	

	Lv (2023)
	Learning (with vs. without) stylus-guided intelligent learning system
	Music (piano)
	KNWL: Piano learning achievement (+)
	
	ME: High learning involvement (engagement)

	Mahapatra (2024)
	Studying process, comparison and cause-effect writing (with vs. without) ChatGPT for self and peer assessment
	Language learning (academic writing)
	HOT: Negative: imposing pattern on writing, hindering creative organization
	WS: Academic writing skills (+ in posttest and delayed posttest)
	P: Helpful in generation of more ideas on the topic, organization, and improving accuracy in the sentence structure
Concerns: reduced motivation to think, increased machine dependence, imposed patterns on writing, hindered creative organization, and decreased attention to grammatical accuracy

	Nazari et al. (2021)
	Completing academic writing with (equipped AI vs. non-equipped AI)
	Language learning (academic writing)
	
	
	ATT: Academic emotion: positive emotion (+), negative emotion (-)
ME: Behavioral engagement (+), cognitive engagement (+), emotional engagement (+)
SE: Writing self-efficacy (+)

	Niloy et al. (2024)
	(Incorporating vs. not incorporating) ChatGPT in creative writing process
	Language learning (creative writing)
	HOT: Creativity (-)
Within-subjects: CG (=), EG: content accuracy (-), content presentability (+), elaboration (+), similarity (-), total creativity score (-)
	
	

	Rokhayani et al. (2022)
	Within-subjects (before and after)
	Language learning (English grammar)
	KNWL: Grammar achievement (+)
SR: Improvement in autonomous learning
	
	P: Learning resource improvement, effectiveness, fun learning

	Saravia‐Rojas et al. (2024)
	Within-subjects (1. used ChatGPT, 2. used conventional method)
	Language learning (scientific writing)
	
	WS: Scientific writing: final score (-), utilization of evidence (-), evaluation of arguments (-), and generation of alternatives (-), problem identification and analysis (=), effective communication (=)
	P (% agree): Usefulness (>95%), productivity enhancement (>85% enhanced over 20%), relevance of having known ChatGPT for academic tasks (>95%)

	El Shazly (2021)
	Within-subjects (before and after)
	Language learning (English speaking)
	
	CS: Oral efficiency (+)
	ATT: Speech-related anxieties: similar level before and after chatbot intervention (slightly intensified from 46% to 51%)

	Shorey et al. (2023)
	Training with (virtual patient (AY 2017/2018) vs. no virtual patient (AY 2016/2017))
	Medical (clinical communication)
	
	CS: Communication skills (-): pediatric (-), obstetric(-), medical (-)
	ATT: Learning attitude (within-subjects): scenario 1 (+), scenario 2 (+), scenario 3 (=), scenario 4 (=)
SE: Communication self-efficacy (within-subjects): scenario 1 (+), scenario 2 (=), scenario 3 (=), scenario 4 (+)

	Simsek-Cetinkaya and Cakir (2023)
	Training through (AI-AISBS practice vs. SPS practice)
	Medical (breast self-examination)
	
	MS: BSE performance score (-)
	ATT: Anxiety (+)
P: Satisfaction (+)

	Sun et al. (2023)
	Self-learning on the platform with (no data visualization or self-regulation vs. data visualization only vs. self-regulation only vs. both data visualization and self-regulation (dual function))
	Research ethics 
	SR: Overall self-regulation, environmental structure, task strategies, and time management (=); goal setting: CG > self-regulation, dual-function > self-regulation; help-seeking: CG > self-regulation, dual-function > self-regulation
	
	

	Tegos and Demetriadis (2017)
	Collaborating in dyads to accomplish a learning task (with vs. without) receiving agent intervention
	Computer science (HCI)
	KNWL: Individual learning (+, mediator of agent effect: explicit reasoning)
HOT: Explicitness of reasoning (explicit position (+), explicit argument (+)),
SSR: Group learning (+)
	
	P (% agree): Ease of use, good performance and interaction mode (39%), disruptive background color (16%)

	Urban et al. (2024)
	Completing complex ill-defined problem-solving task (with vs. without) the help of ChatGPT
	Test (complex creative problem-solving task)
	HOT: Creativity (within & between-subjects): quality (+), elaboration (+), originality (+)
	
	ME: Mental effort (-), task interest (=), task difficulty (-) 
SE: Self-efficacy for task resolution (+), self-evaluation accuracy (=), self-assessment (quality: =, originality: =), correlation between self-evaluation judgments and performance (absent), between self-evaluation judgments and perceived usefulness of ChatGPT (present)

	Vicente-Yagüe-Jara et al. (2023)
	Within-subjects (before and after)
	Creativity test
	HOT: Creativity: Game 2: fluency (+), flexibility (+), narrative originality (+); Game 3: fluency (+), flexibility (=) , narrative originality (=)
	
	

	L. Wei (2023)
	Receiving (AI-mediated vs. traditional) language instructions
	Language learning (English)
	KNWL: English learning achievement (+)
SR: Self-regulation (+)
	
	ME: Learning motivation (+), intrinsic motivation and active engagement
P: Engaging and immersive learning experience, positive learning environment and alleviated anxiety, flexibility and convenience for language practice

	Wolfe et al. (2015)
	Taking part in an online module (using a Web-based tutoring system (BRCA Gist) vs. reading highly similar content from the NCI Website vs. completing an unrelated tutorial)
	Medical (BRCA testing)
	KNWL: Declarative knowledge (exp 1 and 2): BRCA Gist > NCI Web and CG; Gist comprehension (exp 2): BRCA Gist > NCI Web > CG
HOT: Risk Assessment: BRCA Gist > CG
	
	ATT: Anxiety / worry: BRCA = NCI Web = CG (exp 1); BRCA, NCI Web < CG (exp 2)
ME: Interest in genetic testing: BRCA Gist < CG

	Yang and Shulruf (2019)
	Receiving (regular clinical training vs. regular training plus additional expert-led tutoring (expert-led tutoring) vs. regular training plus an expert-led and AI course (expert-led+AI tutoring))
	Medical (suturing and ligature skills)
	
	MS: Suturing/ligature skills: expert-led+AI tutoring > expert-led tutoring > CG, + with practicing frequency in
expert-led+AI tutoring
	SE: Confidence: expert-led+AI tutoring > expert-led tutoring > CG, Expert-led+AI tutoring: confidence (+, practicing frequency)

	Yilmaz and Karaoglan Yilmaz (2023)
	Training hands-on coding (with vs. without) access to ChatGPT 
	Computer science (programming)
	HOT: Computational thinking skill (+), creativity (+), algorithmic thinking (+), cooperativity (+), critical thinking (+), problem-solving(+)
	
	ME: Learning motivation (+): individual attitude and expectation (+), challenging goals (=), clear direction (+), reward and recognition (+), punishment (+), social pressure (+), competition (+)
SE: Programming self-efficacy (all task, simple task, complex task) (+)

	Yin, Goh, et al. (2021)
	Studying through (chatbot-based micro-learning system vs. traditional lecture)
	Computer science (number system conversion)
	KNWL: Learning outcome (=)
	
	ME: Learning motivation: interest-enjoyment (+), tension-pressure (-), perceived competence (=), perceived value (+)

	Zhang et al. (2023)
	Within-subjects (before and after)
	Language learning (argumentative writing)
	
	WS: Writing proficiency (73% positive, 27% neutral), writing quality (+)
	SE: Writing self-efficacy (60% negative, 13% positive)

	X. Zhao et al. (2020)
	Training through (CRNP vs. routine teaching) 
	Medical (cardiovascular imaging training)
	KNWL: X-ray score (=), computed tomography angiography score (+), cardiac magnetic resonance imaging score (+), average score (+)
	MS: Clinical skills: imaging description (+), position display (+), qualitative diagnosis (=), differential diagnosis (=), examination preparation (=), interview skill (=), human care (=)
	

	Zheng, Fan, Chen, et al. (2023)
	Completing online collaborative learning (OCL) task (with AI-enabled feedback and feedforward vs. with AI-enabled feedback vs. without any specific approach)
	Team collaboration
	SSR: Collaborative knowledge building: feedback-forward > feedback > CG; performance: feedback-forward > feedback > CG; coregulated behavioral patterns: feedback-forward > feedback > CG; SSR (% agree): regulation of goals, plans, and strategies: 76.5% in AI feedback and feedforward, 70.6% in AI feedback group; reflection and evaluation: 76.5% in AI feedback and feedforward, 58.8% in AI feedback group
	
	ME: Team engagement (% agree): 88.2% in AI feedback and feedforward, 82.4% in AI feedback group

	Zheng, Fan, Gao, et al. (2024)
	Completing OCL task (with KGAPR vs. with KGA vs. without any specified approach) 
	Team collaboration
	KNWL: Learning performance: KGAPR > KGA > CG
SSR: Collaborative knowledge building: KGAPR > KGA > CG; group performance: KGAPR > KGA > CG; socially shared regulation: KGAPR > KGA > CG; SSR (% agree): facilitating regulation of goals, plans, and strategies: 93.3% in KGAPR, 75.0% in KGA; promoting monitoring and controlling: 86.7% in KGAPR, 58.3% in KGA
	
	ME: Cognitive engagement (% agree): 60.0% in KGAPR, 58.3% in KGA

	Zheng, Fan, Huang, et al. (2024)
	Completing OCL task (with automatic construction of knowledge graphs (CKG) vs. with automatic analysis of topic distribution (ATD) vs. without any specific approach) 
	Team collaboration
	KNWL: Knowledge learning: CKG > CG, ATD > CG
SSR: Collaborative knowledge building: CKG > ATD, CKG > CG; group performance: CKG > CG, ATD > CG, socially shared regulated behaviours: CKG > ATD = CG; building knowledge: CKG > ATD, CKG > CG; negotiating: ATD > CKG, CG > CKG; SSR (% agree): monitoring group learning progress: 85.0% in CKG, 69.0% in ATD; reflection and evaluation: 85.0% in CKG, 69.0% in ATD
	
	ME: Behavior engagement: CKG > CG, CKG > ATD
P: Cognitive load, mental load, mental effort: ATD > CG > CKG

	Zheng, Long, Chen, et al. (2023) 

	Completing OCL task (with knowledge graph-based automated assessment and feedback vs. without any specific approach) 
	Team collaboration
	KNWL: Knowledge learning (+)
SSR: Knowledge elaboration (+), group performance (+), SSR (+); SSR (% agree): monitoring the collaborative learning processes (88.0%), social interaction (83.0%), and adapting goals and strategies (88.0%)
	
	

	Zheng, Long, Niu, et al. (2023)
	Completing computer-supported collaborative learning (CSCL) task (with automated group learning engagement analysis and feedback vs. without any specific approach)
	Team collaboration
	SSR: Group performance (+), collaborative knowledge building (+), SSR (+); SSR (% agree): regulation of strategies (90.0%), reflection (65.0%)
	
	ME: Team engagement (% positive): 80.0% in exp, User engagement (cognitive (+), metacognitive (+), behavioral (+), emotional (+), social (+))
P: Cognitive load (cognitive load (=), mental load (=), mental effort (=))

	Zheng, Niu, et al. (2023)
	Completing CSCL task (with automated activated knowledge graph (AAKG) vs. with automatic activated and unactivated knowledge graph (AAUKG) vs. without specific approach) 
	Team collaboration
	SSR: Group performance: AAUKG > AAKG > CG; collaborative knowledge building: AAUKG > AAKG > CG; SSR: AAUKG > AAKG > CG; social interaction: AAUKG, AAKG > CG; SSR (% agree): facilitating social interaction: 67.0% in AAUKG, 65.0% in AAKG; orienting goals and making plans: 72.0% in AAUKG, 45.0% in AAKG; monitoring and controlling: 57.0% in AAUKG, 55.0% in AAKG; evaluating and reflecting: 71.0% in AAUKG, 65.0% in AAKG
	
	P: Cognitive load (cognitive load (=), mental load (=), mental effort (=))

	Zheng, Niu, et al. (2022)
	Completing CSCL task (with learning analytics-based real-time feedback vs. without any specific approach)
	Team collaboration
	SSR: Knowledge elaboration (+), knowledge convergence (+), group performance (+), interactive relationship (+)
	
	

	Zheng, Zhong, & Fan (2023a)
	Completing OCL task (with automated analysis
of topic distributions and features (AATDF) vs. with automated analysis of topic distributions (AATD) vs. without any specific approach) 
	Team collaboration
	KNWL: Learning performance (posttest and delayed posttest): AATDF > AATD > CG
SSR: Group performance: AATDF > AATD > CG, collaborative knowledge building: AATDF > AATD > CG; SSR: AATDF > AATD > CG; SSR (% agree): regulation of goals, plans, and strategies: 95.0% in AATDF, 71.0% in AATD; reflection and evaluation: 90.0% in AATDF, 90.0% in AATD
	
	P (% positive): Efficiency: 95.0% in AATDF, 71.0% in AATD

	Zheng, Zhong, & Fan (2023b)
	Completing OCL task (with immediate analysis of interaction topics vs. without any specific approach) 
	Team collaboration
	KNWL: Learning performance: (+ in posttest and delayed posttest)
SSR: Group performance (+), knowledge convergence (+), coregulated behavioral patterns (+)
	
	ME: Cognitive engagement (% positive): 90.0% in exp
P: Cognitive load (cognitive load (=), mental load (=), mental effort (=))

	Zheng, Zhong, et al. (2022)
	Completing OCL task (with learning analytics-based personalised feedback vs. without any specific approach) 
	Team collaboration
	SSR: Collaborative knowledge building (+), co-regulated behavioural patterns (+)
	
	ATT: Emotion (i.e., positive emotion (+), negative emotion (=), neutral emotion (=))
P: Cognitive load (cognitive load (=), mental load (=), mental effort (=))

	Zheng et al. (2021)
	Completing CSCL task (with personalised feedback vs. without any specific approach)
	Team collaboration
	SSR: Collaborative knowledge building (+), group performance (+), socially shared metacognitive regulation (+)
	
	P: Cognitive load (cognitive load (=), mental load (=), mental effort (=)), helpfulness


* Note: KNWL: Knowledge learning; HOT: Higher-order thinking; SR: Self-regulation; SSR: Social shared regulation; CS: Communication skills; WS: Writing skills; MS: Medical skills; PS: Painting skills; ATT: Attitudinal outcome; ME: Motivation and engagement; SE: Self-efficacy; P: Perception; EG: Experimental group; CG: Control group; exp: experiment; +/-/=/>: Positive/negative/no/better effects compared to other groups.


