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	Alam & Mohanty
	2022
	-
	SR
	112
	2006-2021
	HE
	-
	Medium
	Main types used are automated grading & feedback, assessing student knowledge, engagement & academic integrity, & evaluating teacher efficiency.
	More education research, ethics, longitudinal & qualitative studies.

	Algabri et al.
	2021
	

	SR
	<100
	2010-2020
	HE
	-
	Critically low
	Benefits = more frequent interaction between students & teachers, precise assessment, reduced planning & admin time, greater equity, personalised learning. Challenges = variable data quality.
	No research gaps identified.

	Alotaibi & Alshehri
	2023
	

	SR
	55
	2011-2021
	HE
	Saudi Arabia
	Low
	AI has particular potential for helping improve student outcomes and for giving HEIs insight. Education should focus on developing students’ ‘soft’ skills.
	Collaboration needed between AI developers, educators and researchers. 

	Bearman et al.
	2022
	

	CLR
	29
	1980-2022
	HE
	AI discourse in research
	Medium
	Definitions of AI are rare & there is a lack of explicit discussion about what AI means. Benefits = reduced planning/admin time, accessibility, personalised learning. Challenges = shifting authority, transparency, impact on staffing.
	The authors call for new research foci that attend to the social implications of AI, including tracing accountability in AI-mediated practices and exploring how AI influences learning and teaching relationships.

	Bhattacharjee
	2019
	-
	BR
	-
	2010-2018
	HE
	India
	Low
	76% of papers were from conferences. Benefits = reduction in resourcing cost, managing students. Challenges = lack of educator knowledge, infrastructure & funding.
	More research on the use of AI in Indian HE needed, in particular that gets published in journal articles. More use of AI in academic administration & more professional development is needed for educators.

	Buchanan et al.
	2021
	

	ScR
	27
	2014-2019
	HE, CE
	Nursing
	High
	Curriculum reform is necessary to equip nurses with AI literacy skills & knowledge. Minimal literature at the postgrad level. Benefits = personalised learning, transition to practice, improved communication skills with patients & teams. Challenges = lack of professional development, reduced focus on compassion. 
	More research on the influence of AI on nursing education needed, especially identifying core competencies needed & most effective ways AI can be used. Ethical implications, digital literacy, predictive modelling & ML should be a part of any nursing curriculum. 

	Burney & Ahmad
	2022
	

	SR
	218
	1979-2020
	HE
	Medicine
	Low
	38% were related to medical education methods, 22% AI in surgery & 20% in radiology. AI should be a part of the medical curriculum, as well as utilised for teaching, assessment & feedback.

	More integration of AI into the medical curriculum is needed.
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	Chaka
	2023
	

	LR
	26[footnoteRef:3] [3:  Only 11 studies related to AI] 

	2013-2019
	HE
	-
	High
	Not all articles report recommendations for future research. AI used mostly for supporting student learning, with chatbots the preferred application. Most studied disciplines were STEM & mostly in the US or Europe.
	More research needed in disciplines other than STEM and in other global areas. Lack of experimental studies in robotics noted.

	Charow et al.
	2021
	

	ScR
	41
	2013-2020
	HE, CE
	Health Care
	Excellent
	AI curriculum focused on using, interpreting & explaining results from AI, with a strong emphasis on the need for health professionals to have a baseline understanding of AI. Teacher AI literacy was a major barrier, as well as a lack of infrastructure.
	Need to include AI literacy in courses and develop an awareness of ethics & accessibility. Institutional policies need to be adapted. AI-based curriculum should be developed based on a multidisciplinary team.

	Chu et al.
	2022
	

	SR
	50
	1996-2020
	HE
	-
	Medium
	Studies were mostly focused on drop-out prediction, student achievement & course selection (44%). STEM courses were by far the most researched, especially engineering. 84% were quantitative, followed by mixed methods (16%) such as using multimodal data. The most frequently adopted roles were profiling & prediction (46%), ITS (20%), assessment & evaluation (20%), & adaptive systems (14%). 
	Research needed in non-STEM areas, particularly around personalisation of learning. Using data from multiple sources can improve insight. Impact on learning effectiveness and behaviour. K-12 research and interdisciplinary approaches needed.

	Crompton & Burke
	2023
	

	SR
	138
	2016-2022
	HE
	-
	High
	Assessment & evaluation were the most common use of AI, with automatic assessment in 26 studies. Most studies were conducted in the areas of language learning, computer science & engineering. Most studies by Asian authors (41%). 
Benefits = reduced planning & admin time for teachers, greater insight into student understanding, managing students.
	More research in developing countries needed, as well as interdisciplinary approaches across disciplines & institutions. More focus on managers and administration needed, as well as a focus on postgraduate students. Large language models (e.g. ChatGPT).

	Fichten et al.
	2021
	

	ScR
	13
	2010-2020
	HE
	SEND
	Medium
	No generally agreed definition of AI. None of the studies used a rigorous experimental design. The most prevalent tools were virtual assistants. The impact on student learning wasn’t frequently addressed, although some modest learning gains found. By not using SEND student data to train algorithms, bias is created.
	Much greater rigorous methodology needed, with larger sample sizes including SEND students. Important to consider privacy. More studies on student impact rather than on tool development.

	Grunhut et al.
	2021
	

	IR
	39
	2010-2020
	HE
	Medicine, AI curriculum
	Medium
	There is widespread recognition of the importance of AI education in medicine, but not much planning & implementation. Further ethical training & consideration needed.
	Need to use an evidence-based approach to AI curriculum development & implementation. Longitudinal studies exploring change & student/staff attitudes & expectations towards AI recommended. Faculties should include data scientists & engineers.

	Gudyanga
	2023
	

	BR
	652
	2015-2022
	HE
	Africa
	Medium
	South Africa has the highest number of publications (33%), followed by Morrocco & Egypt. More than half of African countries may have limited or no research. There has been a focus on ML, eLearning, cloud computing & AI. African academics appear to cite those from countries outside Africa more than African academics.
	There is a need for greater collaboration within African countries.

	Harmon et al.
	2021
	-
	ScR
	4
	2009-2019
	HE, CE
	Nursing (pain care)
	Excellent
	All studies used mixed methods. More background information was needed in simulations & questions were raised about the interoperability between patient groups. Challenges = infrastructure & cost. Limited evidence of positive effect on learning outcomes.
	More robust research is needed with clear information about pedagogical intentions & study design. More interdisciplinary approaches needed.

	Hinojo-Lucena et al.
	2019
	

	BR
	132
	2007-2017
	HE
	-
	High
	Most of the research was published in conferences, rather than in journal articles, indicating that AIEd research is still in the beginning stage. US, Romania & Spain were the most productive countries. 
	More research is needed but there needs to be a more concerted effort to publish journal articles, to help with the dissemination of knowledge.

	Hwang et al.
	2022
	-
	SR
	112
	1993-2020
	HE, CE
	Nursing
	Medium
	63% of studies used profiling & prediction, with intelligent agents the most used (53%). Quantitative studies were the most frequent (87%). The most productive countries were the US, UK and Spain. Students were only a focus of 5.36% of studies. 89% of studies focused on evaluating the performance of AI tools/systems. 
	More research on AI for assessment & evaluation as well as adaptive systems & personalisation is needed in nursing education, as is studies using qualitative approaches. Interdisciplinary approaches needed. Long-term policies are needed.

	Kirubarajan et al.
	2022
	-
	ScR
	49
	2007-2021
	HE, CE
	Medicine (surgery)
	High
	The majority validated algorithms with retrospective data. 31 studies used AI to evaluate the surgical performance of trainees, 10 studies focused on personalisation & 9 studies used AI to improve learning material.
	AI needs to be developed transparently. Further studies on student and educator perceptions of using AI is needed. Clearer study design reporting is needed, as well as exploring the use of AI in different contexts.

	Lee et al.
	2021
	

	ScR
	22
	2000-2020
	HE
	Medicine
	High
	There is little consensus on how to teach AI in undergrad medical education. Medical schools have an ethical responsibility to teach future physicians how to use AI. Barriers = faculty resistance, lack of AI accreditation, limited curricular hours, lack of AI competency & expertise.
	An evidence-informed AI curriculum should include working with AI, ethical & legal implications, emphasis on biomedical knowledge, critical appraisal of AI systems & working with electronic health records. Evaluations of AI curriculum needed, including changes in student attitudes, objective measures of AI knowledge & acquisition of skills.
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	Manhiça et al.
	2022
	-
	SR
	33
	2010-2022
	HE
	-
	Medium
	AI has mostly been used for student performance assessment. Benefits = greater equity & insight into student understanding, challenges = variable data quality, capacity of current AI. 
	Far greater consideration needs to be given to data privacy issues, with only 7 mentioning them. 

	Maphosa & Maphosa
	2021
	-
	BR
	283
	2001-2021
	HE
	-
	Medium
	Most studies are reported in conferences rather than journal articles. China, US, Spain & England are the most productive countries, with only 5% of studies from Africa. Computer Science (35%) & engineering (19%) dominated. 
	More research from developing countries needed. Further research into the use of robots within HE is needed. Ethical considerations should be more taken into account in the future (e.g., data privacy).

	Ouyang et al.
	2022
	-
	SR
	32
	2011-2020
	HE
	OL
	Medium
	Research focused on predictions of learning status, performance or satisfaction (66%), recommending resources (22%), automatic assessment (6%) & improving student learning experiences (6%). The most commonly used algorithms were decision tree (44%) & neural networks (25%). Benefits = timely feedback, positive influence on learning outcomes, greater insight into student understanding. Challenges = variable data quality & curriculum development.
	More focus on theoretical development, longitudinal studies with larger sample sizes, more exploration of multimodal data (including real-time feedback & wearables), development of prediction models that can work across contexts. 

	Rangal-de Lázaro & Duart
	2023
	

	SR
	107
	2020-2023
	HE
	OL
	Medium
	AI is used in a wide range of ways, including predicting student behaviour & performance, automated assessment & evaluation, & providing personalised learning. Focused on teaching & learning, rather than administrative. 
	Future reviews should consider research conducted in other languages and include papers from major conferences on AI. Must consider privacy & ethics when using AI in HE.

	Saghiri et al.
	2022
	-
	ScR
	31
	2018-2021
	HE
	Dentistry, AI VR AR
	Excellent
	Most studies focused on VR & AR, 4 used DL or ML algorithms, 7 used haptics, 1 used robots. Dental students lack AI skills, knowledge & general education, but are willing to learn. Benefits = individualised feedback, personalised learning, facilitates collaboration. Challenges = curriculum development, current AI capacity, data privacy & security.
	Further research is needed into the ethical implications of anonymising and sharing patient data, as well as improving the delivery of AI education within the curriculum. Future tools need to account for differentiation of oral anatomy.

	Salas-Pilco & Yang
	2022
	

	SR
	31
	2016-2021
	HE
	Latin America
	Medium
	There is a lack of attention on ethics & data privacy, with few studies mentioning ethical clearance. AI applications are prediction (52%), assessment & evaluation (19%), chatbots (16%), big data classification (10%) & facial recognition (3%), with over half using ML. 

	Further emphasis needs to be placed on ethical considerations, including establishing protocols for data protection. More stakeholders need to become involved.
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	Salas-Pilco et al.
	2022
	

	SR
	30
	2017-2021
	HE
	Teacher Ed
	High
	Most research conducted in China, followed by the US, Canada & Germany, exploring student behaviour when using AI, digital competence, perceptions & reflection. Most studies used behavioural data. Both pre-service & in-service teachers have been researched. Most of the studies did not mention any ethical procedures at all.
	Far more attention needs to be paid to ethical considerations, especially obtaining participant consent. More emphasis should be placed on AI literacy within teacher education courses. More stakeholders need to become involved.

	Sapci & Sapci
	2020
	

	SR
	26
	1990-2019
	HE
	Medicine
	Medium
	61% investigated the use of AI in medical education (virtual patients, evaluating students’ academic performance, adaptive systems) & 39% evaluated AI education in medicine (tools, determine limitations). Study design information was missing. Benefits = positive outcomes on student learning. Challenges = curriculum development & the need for common standards. 
	An education framework for AI training is needed. Further development of medical education to include AI literacy needed. An interdisciplinary approach is needed, including computer scientists.

	Sourani
	2019
	

	SR
	-
	2012-2018
	HE
	-
	Medium
	Benefits = reduced administration time, personalised learning. Challenges = ethical issues (transparency, privacy), capacity of current AI, lack of research, shifting authority.
	Policies & frameworks need to be developed. Further research is needed & more emphasis should be placed on ethical considerations. AI literacy & potential should be realised through enhanced curriculum development. Future research should focus on 21st century skills.

	Ullrich et al.
	2022
	

	BR
	796?
	2011-2021
	HE
	-
	High
	Numbers of studies have grown more than tenfold in 10 years. Most studies from China, followed by US, Spain & Australia, but there are almost no collaborations between Africa & other countries. Research on teaching & learning is 10 times larger than research on AI applications for administration.
	More focus on the use of AI in administration, as well as more international/cross-institutional research in a wider range of countries. More interdisciplinary approaches needed with all stakeholders in the teaching & learning process. Data regulations are needed, as well as more emphasis on ethical considerations. Case studies & longitudinal studies should be undertaken.

	Zawacki-Richter et al.
	2019
	

	SR
	146
	2007-2018
	HE
	-
	High
	Most studies from Computer Science & STEM (62%), using quantitative approaches (73.3%). 62% addressed undergraduates, 30% did not specify study level. Profiling & prediction most researched (40%), followed by assessment & evaluation (25%), ITS (20%) and adaptive systems & personalisation (18%).
	More research needed on ITS, especially facilitating collaboration between learners. Longitudinal studies, qualitative approaches, more ethical considerations, research in non-STEM subjects, grounded in theory.
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	Zhang et al.
	2023
	-
	SR
	42
	1990-2022
	HE
	Medicine
	Medium
	The combination of AI and VR is an important trend to provide immersive training environment and real time feedback. It is widely adopted in anatomy, surgical skills training and clinical thinking training. In teaching evaluation, AI is mainly used to assess the skill level of surgical trainees with binary classifications, namely the novice and the specialist. AI is also conducive to the quality improvement of medical teaching in teaching feedback.
	There is still a lack of sufficient, high-quality evidence that AI can enable effective learning compared to
traditional teaching methods. More collaboration between educators & developers. More attention to sample bias & use of larger sample sizes. Further exploration of patient privacy.




Appendix A List of studies in the corpus by thematic focus (n = 66)		                                                    A Meta Review of Artificial Intelligence in Higher Education



Note: SR = Systematic Review, ScR = Scoping Review, MR = Mapping Review, BR = Bibliometric Review, MA = Meta-analysis, ER = Exploratory Review, CLR = Critical Literature Review, LR = Literature Review, IR = Integrative Review, PP = Position Paper, FS = Framework Synthesis, SoA = State of the Art review, K-12 = school, EC = Early Childhood, HE = Higher Education, CE = Continuing Education, DE = Distance Education, SEND = Special Education Needs & Disabilities, OL = Online Learning, Min = Minority students, GBL = Game-based Learning, ITS = Intelligent Tutoring Systems, ASP = Adaptive Systems & Personalisation, MMLA = Multimodal Learning Analytics, FC = Flipped classrooms, ML = Machine Learning, LMICs = Low and Middle Income Countries, PL = Personalised Learning, RS = Recommender Systems, BL = Blended Learning, LA = Learning Analytics, ND = Neurophysiological Data, H&W = Health & Welfare, AL = Adaptive Learning, EDM = Educational Data Mining, SC = Smart Classroom, AQG = Automatic Question Generation, KT = Knowledge Tracing, PM = Process Mining, ANNs = Artificial Neural Networks, OLM = Open Learner Models, AWE = Automated Writing Evaluation, AES = Automated Essay Scoring
Profiling and Prediction Higher Education reviews (n =19)
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	Abu Saa et al.
	2019
	-
	SR
	36
	2009-2018
	HE
	Academic achievement
	Excellent
	Students’ previous grades, class performance, online activity, demographics & social info are generally the main factors affecting their academic performance. All studies used the classification approach based on decision trees, Naive Bayes classifiers and artificial neural networks, only four studies used clustering with classification.
	Other data collection techniques should be used, e.g., surveys, course evaluation surveys & network access logs. Each institution should come up with variables/factors that work for their own context.

	Aldowah et al.
	2019
	-
	SR
	402
	2000-2017
	HE
	EDM
	High
	Course content, learning activities and student performance based on final grades and participation in online courses were most used indicators for prediction analysis by EDM and LA methods. Classification (26%) and clustering (21%) most frequently used.
	No research gaps identified.

	Alkhalil et al.
	2021
	

	MR
	84
	2010-2020
	HE
	ML
	High
	Half of the studies focused on improving educational quality, esp. predicting student performance. Large volumes of data was the main challenge identified, as well as resourcing, skills, data privacy & variable data quality.
Studies employed prediction tools (classification and regression algorithms) to identify patterns in big data, yet research around developing a framework for integrating big data in Higher Education Institutions remains inadequate.
	More empirical research needed, particularly published as journal articles, not conference proceedings.

	Alyahyan & Düştegör
	2020
	

	LR
	17
	2015-2019
	HE
undergrad
	Academic achievement
	Low
	Prior academic achievement (44%) & student demographics (25%) were the most presented in prediction studies, followed by eLearning activity & psychological attributes. 
	Additional data should be included, including faculty data (e.g. competence, criteria of recruitment, academic qualifications).

	Banihashem et al.
	2022
	

	SR
	46
	2011-2022
	HE
	LA, Feedback
	Excellent
	LA used to collect information about student learning rather than teaching. LA helps to personalise learning (focused on in 28% of studies) and facilitates students’ reflection (43%).
	How LA can affect peer and educator feedback, exploring the effect size of different data types and categories, K-12 review in order to compare with HE.

	Cardona et al.
	2023
	-
	SR
	19
	2010-2018
	HE
	EDM, ML
	Medium
	19 different ML techniques identified for predicting student retention rates, most frequent NN, DT, LR & SVM, with DT more consistent. Studies were heterogeneous. GPA was found important in 63% of studies, before starting college factors important in 47% & financial aid important in 37%.
	Models should be created early in student career. More research needed to determine factors impacting retention. 

	de Oliveira et al.
	2021
	-
	SR
	31
	2012-2020
	HE
	EDM, RS
	Medium
	Most of the studies had the objective of predicting students’ grades in subjects not yet taken or in complete courses. The studies used several different features to model the problems they proposed to solve such as academic, demographic and social. 
	More research needed around RSs to recommend subjects for students to enrol the next school term.

	Fahd et al.
	2022
	-
	SR, MA
	89
	2010-2020
	HE
	Academic achievement & retention
	High
	Most studies used the final GPA or result as the target variable for supervised learning, with all but 3 studies focused on predicting student academic performance or at risk. The size of datasets differ significantly, with 6% not reporting the size. 88% used supervised learning, 6% unsupervised, 6% combination. Classification models (79%), regression (12%), clustering (8%).  
	More research needed in diverse countries and using real datasets in a range of educational contexts. 

	Hellas et al.
	2018
	

	SR
	357
	2010-2018
	HE
	STEM, Academic Achievement
	High
	Most studies used the course grade or predicted a grade range (38%), exam grade (14.7%), retention or dropout (13.4%), GPA (12.2%) & assignment performance (11.4%). 12.2% of studies didn’t specify the actual metric to predict student performance. Classification used more frequently than clustering. 
	Research that uses demographic factors to predict course grades & that focuses on motivation. Greater quality of reporting needed, including explicitly stating research questions, threats to validity, detailed description of what’s predicted, features used & why, and the inclusion of scales used.

	Ifenthaler & Yau
	2020
	

	SR
	46
	2013-2018
	HE
	Academic Achievement
	High
	Main predictions were about course completion, grades & dropout rates, collected through logfiles & trace data or background info, with several algorithms drawing on multimodal data. More widespread adoption of LA is needed, as well as standardised measures, visualisations & interventions.
	LA need to provide opportunities for personalisation. More rigorous studies should be conducted that further considers issues of privacy & data validity. Research must define key constructs and be clearly operationalised. More large-scale, longitudinal & experimental research designs.

	Li et al.
	2022
	

	SR
	59
	2014-2022
	HE
	STEM, retention
	Medium
	47% used a dataset smaller than 500 student records. Students’ current academic performance (56%), behavioural engagement (58%) and academic engagement (78%) the most studied. Individual characteristics & family background have a relevant influence on student motivation & persistence.
	More research on course design factors, such as assessment design, as well as static factors (e.g. student characteristics, enrolment & prior academic performance).

	Liz-Domínguez et al.
	2019
	

	SR
	26
	2012-2019
	HE
	Predictive tools
	Medium
	The selected predictors and EWS present great diversity in terms of contexts where they were implemented, input data they relied on, prediction algorithms they used and the specific prediction goal they sought. Most of the studies were performed with an experimental mindset. These predictors and EWS are not in a mature state enough to be permanently implemented in university courses with exception of Course Signals EWS. These applications are not useful when taken out of their intended environments and they are limited by student-related data availability.  
	Developing more tools able to function well in many different educational contexts. Developing the ability of EWS to recommend ways of helping students. The creation of openly available datasets.

	Maphosa & Maphosa
	2020
	-
	SR
	24
	2010-2019
	HE
	EDM, Africa
	Medium
	More than half were predicting student performance. Most of the research was from Nigeria (42%) and South Africa (25%), with WEKA (67%) the most widely used tool. The most frequently used algorithms were DT (34%), Bayesian methods (18%) and ANN (15%).
	More research needed in Sub-Saharan Africa and other developing countries. Research on private HE institutions is needed. More openly accessible datasets from Sub-Saharan African countries is needed, as is awareness of ethical concerns.

	McConvey et al.
	2023
	

	LR
	62
	2010-2021
	HE
	Algorithms & decision making
	Medium
	Every algorithm in the review was proposed for some real-world purpose, from triggering interventions for at-risk students and reducing attrition to grading assignments. 39% of papers sought to predict student success, 18% student services & pathway advising. GPA used as a predictor for all target outcomes at least once, except for individual assignments. 
	More research is needed to understand the relationship between LMS activity and engagement. Additionally, researchers must consider how the importance of the individual features of their algorithms aligns not just with target variables, but also with the greater goals and outcome of the algorithm.  More research is needed to determine if algorithms developed to identify ’at-risk’ students and subsequently trigger early interventions have any impact on retention. The HCI research community should focus on developing algorithm design processes with theoretical, participatory, and speculative dimensions and consider the future of higher education institutions and how the proposed algorithms may impact stakeholders.

	Moonsamy et al.
	2021
	

	MA
	11
	2010-2020
	HE
	STEM, EDM, Academic achievement
	High
	The pooled estimate of the most effective EDM approaches used to predict students'
performance pursuing computer programming was highly prevalent among participants.
	Further research is needed to explore the interdependencies among factors that
can be utilized to predict the performance of students pursuing computer programming.

	Otoo-Arthur & van Zyl
	2020
	-
	SR
	55
	2007-2018
	HE
	Big data, LA
	Medium
	This study identified 10 Big Data frameworks, 30 Big Data tools, 19 key algorithms and 8 areas where the HE community focus on predictions. Many researchers have focused on predictions with less attention to data management and security. Few researchers focused on behavioural analysis. None of these researchers put a spotlight on learner emotions (emotion-aware systems) and instructors' effectiveness in
supporting the learners.
	There is a critical need for a general standard that allows for portability of Big Data frameworks and mining models. There is a need to explore the feelings of learners and deployment designs of these systems.

	Pinto et al.
	2023
	

	SR
	171
	2019-2023
	HE
	ML
	Low
	ML techniques have been applied with positive effects in higher education particularly in predicting student performance, enhancing the quality of education and reducing student attrition. A wide variety of techniques were used, and most studies even used multiple algorithms to make comparisons to find the best model suitable for the dataset. The most
widely used algorithms were Random Forest (64), SVM (61), Naïve Bayes (34) and Neural Networks (34) due to their generality and the fact they are easier to interpret (Regression and Classification).
	Future research should seek to study and propose concrete applications of ML and other AI technologies in the context of universities and other HEIs, especially related to their implementation in the context of developing countries and/or underrepresented groups. In addition, researchers should explore how innovative generative AI solutions like ChatGPT could be used ethically within an academic context.

	Sghir et al.
	2022
	-
	SR
	74
	2012-2022
	HE
	LA
	Medium
	Most utilised predictive modelling to assess students’ performance & predict at risk students. Learning outcomes related to learners’ engagement, satisfaction & enrolment addressed less frequently. Artificial Neural Networks, Random Forest, and Gradient Boosting placed first, second, and third, respectively, in terms of prediction accuracy and usage frequency in comparison to other algorithms. 
	Delving more deeply into the predictive models’ generalizability by analysing diverse learning environments using various combinations
of modalities and with varied student populations. Enhancing techniques for data anonymization to secure learners’ sensitive data and ensure the protection of their information. Incorporating visualization tools based on the prediction results to highlight students learning progress.

	Zulkifli et al.
	2019
	

	SR
	69
	2014-2018
	HE
	Academic achievement
	Medium
	48% of studies used classification, followed by regression methods (28%). 39% of studies used academic process (e.g. attendance, student learning time). Changes in education systems can affect forecasting models.
	Students’ assessments involving interpersonal skills & high-level thinking skills should be applied in predictive models. Consideration should be given to the impact of changes in education systems.




Adaptive Systems and Personalisation Higher Education reviews (n =18)
	Author
	Year
	OA[footnoteRef:8] [8:  Cropped from the Open Access Logo image at https://creativecommons.org/about/program-areas/open-access/open-access-logo/ ] 

	Type
	# Studies
	Years
	Study Level
	Focus
	Quality
	Key findings
	Research Gaps

	Alamri et al.
	2021
	-
	IR
	84
	2000-2020
	HE
	PL, BL
	Medium
	Digital badges were the most used, adaptive & competency-based tech also have potential.
	More HE research on PL needed, including measuring student engagement & motivation.

	Alkhalil et al.
	2021
	

	MR
	84
	2010-2020
	HE
	ML
	High
	Half of the studies focused on improving educational quality, esp. predicting student performance.
	More empirical research needed published as journal articles, not conference proceedings.

	Andersen et al.
	2022
	

	ScR
	6
	2010-2021
	HE
	Nursing
	Medium
	Duration, engagement, placement of interaction in time and agency are the most commonly addressed parts of the learning design. All studies were quantitative, but many did not report  aspects of their study design.
	Learning design must be more explicitly addressed. Qualitative research would complement the current literature. Studies should report all aspects of study design.

	Banihashem et al.
	2022
	

	SR
	46
	2011-2022
	HE
	LA, Feedback
	Excellent
	LA used to collect information about student learning rather than teaching. LA helps to personalise learning and facilitates students’ reflection.
	How LA can affect peer and educator feedback, exploring the effect size of different data types and categories, K-12 review in order to compare with HE.

	Chaka
	2023
	

	LR
	26[footnoteRef:9] [9:  Only 11 studies related to AI] 

	2013-2019
	HE
	-
	High
	Not all articles report recommendations for future research. AI used mostly for supporting student learning, with chatbots the preferred application. Most studied disciplines were STEM & mostly in the US or Europe.
	More research needed in disciplines other than STEM and in other global areas. Lack of experimental studies in robotics noted.

	Darvishi et al.
	2022
	-
	SR
	83
	2014-2018
	HE
	ND
	Medium
	EEG, facial and eye tracking are the most used instruments for monitoring, estimating performance and providing feedback, but facial is more highly adopted. Approximating cognitive constructs was the most highly studied.
	Further research on meta-cognitive constructs. Propensity score matching could be used to conduct quasi-experimental studies more ethically.

	de Oliveira et al.
	2021
	-
	SR
	31
	2012-2020
	HE
	EDM, RS
	Medium
	Most of the studies had the objective of predicting students’ grades in subjects not yet taken or in complete courses. The studies used several different features to model the problems they proposed to solve such as academic, demographic and social.
	More research needed around RSs to recommend subjects for students to enrol the next school term.

	Fariani et al.
	2022
	-
	SR
	39
	2017-2021
	HE
	PL
	Medium
	Personalised teaching materials were the most used (49%), followed by learning paths (29%) & learning strategies (17%). Only 18% guided by a particular learning theory. Trend in the use of knowledge graphs.
	Studies that consider affective state of learners, such as motivation & interest. Increase in theoretical development needed, such as critical thinking, metacognition & self-regulated learning. Hands-on learning (e.g. VET).

	Fontaine et al.
	2019
	

	SR, MA
	21
	2003-2018
	HE
	OL, H&W
	Excellent
	AEEs may be more beneficial for learning skills rather than factual knowledge. Quality of studies was low to very low. 
	Further research informed by theory is needed with larger sample sizes. More information about algorithms & architecture are needed. Research design should focus on assessment of the impact of educational design variations, such as factorial experiments.

	Frangoudes et al.
	2021
	-
	SR
	19
	2015-2020
	HE
	Chatbots, H&W
	Medium
	The majority used chatbots for virtual patients, patient education, administering quizzes & facilitating communication between students & instructors. Mostly evaluated by usability, acceptability & accuracy studies. 
	More metrics should be used to evaluate chatbots, such as effectiveness on cognitive, affective & social aspects of learning.

	Hamam
	2021
	-
	SR
	14
	2018-2020
	HE
	Chatbots
	Critically low
	Chatbots can help personalise learning & reduce admin time for teachers, but there are issues of functionality, privacy and security. 
	More research in higher education needed, including collecting data from teachers & students on their experiences of using chatbots.

	Klímová & Seraj
	2023
	

	LR
	7
	2019-2022
	HE
	Chatbots, EFL
	Medium
	Research focused on learner satisfaction, effects on language skills & engagement, as well as assessment of language performance. All studies found improvements in language skills (esp. speaking).
	More empirical research needed with EFL in HE, but particularly research on low-level foreign language learners, as they have been shown to benefit the least.

	Li et al.
	2021
	

	SR
	7,880
	2015-2020
	HE
	AL
	Low
	There are many challenges including technical problems, lack of understanding, data privacy, and a lack of empirical research. Data & algorithms are often specific to certain contexts, & there is a lack of standards.
	An interdisciplinary approach is needed, including the collection & sharing of massive data, alongside ethical considerations.

	Pinto et al.
	2023
	

	SR
	171
	2019-2023
	HE
	ML
	Low
	ML techniques have been applied with positive effects in higher education particularly in predicting student performance, enhancing the quality of education and reducing student attrition. A wide variety of techniques were used, and most studies even used multiple algorithms to make comparisons to find the best model suitable for the dataset. The most
widely used algorithms were Random Forest (64), SVM (61), Naïve Bayes (34) and Neural Networks (34) due to their generality and the fact they are easier to interpret (Regression and Classification).
	Study and propose concrete applications of ML and other AI technologies, especially related to their implementation in the context of developing countries and/or underrepresented groups. In addition, researchers should explore how innovative generative AI solutions like ChatGPT could be used ethically within an academic context.

	Rabelo et al.
	2023
	-
	SR
	78
	1994-2023
	HE
	OL EDM, management
	Low
	EDM can assist managers redesign courses, as well as potentially assist at the faculty level with retention and planning. Most studies focus on the teaching & learning level.
	KPIs must be clearly defined. Research to identify how EDM can lead to improved student retention or participation. Consideration of a wider range of stakeholders.

	Urdaneta-Ponte et al.
	2021
	

	SR
	98
	2015-2020
	HE
	RS
	High
	The analysis of the articles indicate that the RSs cover mostly formal education, especially
oriented towards students. The focus was on
higher education.  The elements subject to recommendation are very varied, highlighting educational resources and courses. The most commonly used development techniques are collaborative ﬁltering, followed by RSs that combine different techniques.
	Further study in non-formal education. Need to study algorithms based on a semantic approach in more detail. The development of hybrid systems, in particular, the use of intelligent techniques and the use of ontology and evaluate the performance of RSs.  User information should be explored with information from different sources, such as social media, to build a more complete proﬁle beyond user preference and similar users.

	Zhai & Wibowo
	2023
	

	SR
	28
	2013-2022
	HE
	Agents, Language
	High
	Most studies were single group experiments. None of the studies were conducted longitudinally. This paper has examined the use of dialogue systems in interactional practice for EFL acquisition for university education. It is found that interactional practice for university education has not yet reached the stage of mainstream use of dialogue systems in language learning.
	More longitudinal studies should be conducted, especially those spanning two or more academic years in order to determine impact on student motivation & interest in using agents. Cultural backgrounds of students should be considered. Research should focus on impacts on listening, reading & writing.

	Zhong
	2022
	-
	SR MR
	41
	2010-2020
	HE
	PL
	Medium
	54% of studies used learning traits to structure learning content, with macro the most popular sequencing approach (24%). Almost half didn’t specify any category of learning readiness support.
	More research investigating the interaction between learning outcomes & learning traits, as well as how learner’s learning readiness could be best supported. Increased focus on building theoretical foundations. More empirical research (both quantitative & qualitative).



Intelligent Tutoring Systems Higher Education reviews (n =1)
	Author
	Year
	OA[footnoteRef:10] [10:  Cropped from the Open Access Logo image at https://creativecommons.org/about/program-areas/open-access/open-access-logo/ ] 

	Type
	# Studies
	Years
	Study Level
	Focus
	Quality
	Key findings
	Research Gaps

	Crow et al.
	2018
	-
	SR
	14?
	-
	HE
	STEM
	Low
	Only a small amount of research compares different methods within the field. No standard combination of features have been used. Adding supplemental features could improve effectiveness, for example expanding feedback and hints.
	More evaluations of individual features within ITSs or comparing the implementation of different systems. 



Assessment and Evaluation Higher Education reviews (n = 3)
	Author
	Year
	OA[footnoteRef:11] [11:  Cropped from the Open Access Logo image at https://creativecommons.org/about/program-areas/open-access/open-access-logo/ ] 

	Type
	# Studies
	Years
	Study Level
	Focus
	Quality
	Key findings
	Research Gaps

	Albluwi
	2019
	-
	SR
	87
	-
	HE
	Plagiarism
	Medium
	Included studies focus on tools or ways to reduce plagiarism, how students rationalise plagiarism, the lack of agreement among teachers regarding what constitutes plagiarism, and pressure and plagiarism. 
	More experimental and quasi-experimental studies on effectiveness of tools to detect plagiarism. Need more tools with user experience in mind across the whole workflow. More connection to and development of theory. More promotion of academic integrity within courses.

	Banihashem et al.
	2022
	

	SR
	46
	2011-2022
	HE
	LA, Feedback
	Excellent
	LA used to collect information about student learning rather than teaching. LA helps to personalise learning and facilitates students’ reflection.
	How LA can affect peer and educator feedback, exploring the effect size of different data types and categories, K-12 review in order to compare with HE.

	Del Gobbo et al.
	2023
	-
	MR, SR
	80
	2018-2021
	HE
	OL
	Medium
	Most studies are interested in automatic grading, with the most used approaches based on term frequency-inverse document frequency & Word Embeddings. STEM most researched. Few studies evaluated their algorithms against other datasets.
	More research with a wider range of stakeholders, including consideration of student perceptions of fairness and effectiveness. Validating algorithms against different datasets and within real-world scenarios. 
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