
Introduction

With the recent trends of use of technology in the 
field of education, there have been profound 

1
advancements in using Artificial Intelligence.  AI-
driven tools are reshaping the learning experience for 
the students by ensuring accessibility, enhancing 
engagement and providing personalized learning 

across online educational settings. The roles of AI 
have been documented from developing intelligent 
tutoring systems utilizing chatbots to automated 
grading, enabling adaptive learning experiences that 

2,3cater to individual students' needs.
The use of AI on education involves application of 
machine learning algorithms, data analytics, and 
natural language processing. Overall, these 
approaches can lead to personalized learning 
experiences, provide real time feedback and 
personalize educational content according to 

4 
individual learner's needs. The use of AI aims to 
make education more accessible, engaging and 
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effective for the learners, irrespective of age and 
background.
The potential of AI ais also promising for online 
learning environments. Where AI has shown benefits 
in enhancing learning by providing timely feedback, 
content recommendations and personalized 
instruction. These include the integration of AI tools 
in various pedagogical practices and sociocultural 
dimensions that influence learning outcomes. This 
scoping review utilizes the    “ Technology Enhanced 
Learning Environments in Medical Education ( 

5
TELEMED),  a framework that systematically 
delineates key components of online learning 
platforms to identify places where AI can be used for 

6effective student experience.  In contrast to other 
frameworks, TELEMED incorporates cognitive, 
digital and institutional factors that contribute to 
effective AI integration. This holistic perspective 
allows for a more structured exploration of the role of 
AI in online education.
This scoping review utilizes the TELEMED 
framework to explore the multifaceted roles and 
attributes of AI in online learning platforms in higher 
education. Particularly, this review examines how AI 
can drive positive learner outcomes through 
personalized and adaptive learning interventions. To 
guide this inquiry, this scoping review aims to answer 
the following research question: 
“ How does Artificial Intelligence ( AI ) influence 
online learning environments in Higher Education?”

Methods

Scoping Review Protocol
We used the revised Arksey and O'Malley 
framework, using the six steps: (i) Research question 
identification, (ii) relevant studies identification, (iii) 
relevant studies selection, (iv)collection and charting 
of data, (v) results collation, summarization, and 
reporting, and (vi) seeking expert consultations. This 
protocol was selected due to tits systematic yet 
flexible approach, allowing us to identify, organize 
and synthesize complex and diverse literature on the 
roles and attributes of AI in online learning 
environments. Its iterative process ensures 
comprehensive coverage and meaningful insights 
into the research landscape.
Step 1: Research question identification
The aim of this scoping review was to explore how 
Artificial Intelligence ( AI) influences online learning 
environments in higher education. Using the 
Population-Concept-Context model for this review, 

the population was identified to be students or 
teachers of Higher Education, the concept was 
“Artificial Intelligence” and the context was “online 
learning environments”
Outcome variables for the review included student, 
teachers, and institutional experiences, perceptions 
and performances related to AI use in digital 
education platforms.
Step 2: Relevant Studies Identification
A literature search was conducted to locate peer 
reviewed, original articles published from January 
2013 to September 2023. Four electronic databases ( 
PubMed, Scopus, Science Direct, and Google 
Scholar) were used for literature search. Initially , key 
words were used and refined after preliminary search, 
and they included ((Online) AND (educational 
environment) OR (educational climate) OR 
(educat ional  a tmosphere))  OR ( learning 
environment)) AND (Artificial Intelligence)) AND (( 
Higher education)).
Step 3: Relevant studies selection
We independently reviewed the articles obtained 
from the databases, aligning with the predefined 
eligibility criteria encompassing title, abstract, and 
full-text assessment. This comprehensive approach 
was adopted to ensure the robustness of article 
selection about using AI in online learning 
environments in Higher Education. A consensus was 
reached on accepting or rejecting the shortlisted 
articles based on predetermined eligibility criteria. 
This process resulted in a Kappa value of 0.872, 
indicating a high level of agreement among the raters. 
In instances of disagreement, the articles underwent 
further independent medical educationists until a 
consensus was ultimately achieved. A study selection 
was decided among the involved researchers for the 
selection of title, abstracts and full-text article, as 
shown in Table 1.
Step 4: Charting of Data
The chosen articles underwent a final review, during 
which their data were systematically extracted and 
presented in an Excel spreadsheet. This step aimed to 
create an unbiased and objective summary of the 
review's findings as reviewed by the researchers. All 
the obtained information was organised according to 
(i) Manuscript title, (ii) Publication year,(iii) Country, 
(iv) Research Design, (v) Intervention, (vi)  Study 
participants, (vii)Outcome, (viii) Identified roles of 
AI, (ix) identified attribute of AI.
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Figure-1: Article selection flow for a scoping review.

The process for article selection criteria, 
encompassing title, abstract, and full-text screening, 
are outlined in Figure 1.
Step 5: Data collation, summarisation, and results 
report

We performed content analysis using Microsoft 
Excel and used Braun and Clarke's approach for 

7generating themes during analysis . The initial steps 
of content analysis allowed us to get an overview of 
the various roles AI can play in online learning 
environments in Higher Education. Next, thematic 
analysis focused on generating these identified uses 
of AI according to the nine key domains of effective 
online learning environments using the TELEMED 
framework (Figure 2). The a-priori coding allowed to 
organise the uses of AI in various domains of online 
learning environments. Finally, the formulated 
themes and subthemes were reviewed and finalised 

Eligibility 

criteria
Inclusion Criteria Exclusion Criteria

Articles + Proceedings published between 

January 2013 and September 2023
Articles in languages other than English

Articles in English
Articles using AI Other than educational 

purposes

Title reflecting use of Artificial Intelligence in 

Online learning environments

Abstract presenting an original article.
Articles covering primary and secondary 

education.

Abstract tests/evaluating online teaching 

methodology/tool with AI

Review articles, books, short communication, 

research reports, letters to editor, and 

editorials will be excluded from the search 

process

Abstract of a substantial study design: qualitative, 

quantitative or mixed method

Abstract indicating evaluation of AI evidence in 

online learning environments at HE level.

Measurable study outcomes (quantitatively or 

qualitatively )

The article elaborating use of AI in online 

learning environments or its components. 
Unrelated to AI in online learning environment

The article using a well-designed research 

methodology and/or intervention.

The article is available as a full-text article -

Title 

Abstract 

Full text Articles focussing on tool instead of learning.

Context of Higher Education  Full text not available 

Table 1: Study Selection Eligibility Criteria

*AI- Artificial Intelligence
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after consensus.

Figure-2: TELEMED Model with its nine components
*TELEMED: “Technology-enhanced learning 
environment in medical education”
Step 6: Consultation
Two medical educationists with expertise in AI 
applications reviewed the selected articles as well as 
the emerging thematic analysis results of the 
literature review.

Results
Literature Search
On the basis of keyword search, the literature search 
identified 4,732 possible studies; of these, 1,090 were 
duplicates and 2,929 were in a language other than 
English and were removed. The 713 titles were 
evaluated in accordance with the criteria to identify 
the relevant research, of which 422 abstracts and 85 
articles needed to be further reviewed. The final 
number of articles to be included in the review was 
24.( See Annexure 1 for selected articles for this 
review)
Study Characteristics 
The selected 24 studies were published between 
January 2013 to September 2023 and involved 10,750 
students, 276 teachers and 33 technical experts along 
with 1000211 data sets including student 
performance points and online discussion posts 
(Table 2). Majority of articles were published in 2022 
(n=8). The reviewed studies were carried out in 15 
countries. Among these 24 selected studies, 11 were 
quantitative, and the remaining consisted of eight 
qualitative and five mixed-methods design. (Table 2).

Identified Roles, sub roles and attributes of AI: 
Thematic analysis identified 24 main roles/functions 
(themes) and 47 sub-roles (sub-themes) utilizing 
artificial intelligence in online learning environments 
in the nine domains identified by the TELEMED 
framework. These are presented in Table 3 along with 
related identified AI attribute.
AI supports cognitive enhancement by enhancing 

8,9cognitive skills such as problem-solving.  For 
instance, it can enhance language skills through 
personalized feedback and real-time grammar 
suggestions, as shown in Marghany et al.'s study 8. 
Additionally, AI aids in metacognitive strategy 
training by implementing memory improvement 

10techniques.

Table 2: Selected Study Characteristics (n=24)

Feature Discipline Number

2014 1

2015 1

2017 1

2018 1

2020 3

2021 4

2022 8

2023 (September) 5

UK, USA, Korea 3 each 

China, Spain 2 each

Greece, Saudi 

Arabia, Haram, 

Hong Kong, 

Romania, Italy, 

Kazakhstan, Brazil, 

Norway, Philippines

1 each

Quantitative 11

Qualitative 8

Mixed Methods 5

Students (n=10,750) 18

Teachers (n=276) 3

Technical experts, 

policymakers 

(n=33)

3

Data (performance 

points, online 

posts)(n=1,000,211)

2

Study 

Participants

Study Approach

Year of 

publication

Country of 

publication
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Table 3:  Identified roles, sub roles and attributes of Artificial Intelligence in components of Online Learning 
Environments as defined by the TELEMED framework.

TELEMED 

Component
Roles of AI Subroles Attribute of AI

Cognitive Skill Development Problem-Solving Skills 8,9
Responsive 

Predictive

Metacognitive Strategy Training Memory Improvement Techniques 10

Responsive 

Predictive 

Adaptive

Language Skill Enhancement Language Skills Enhancement 8
Responsive 

Predictive

Tailored Learning Materials  11,12
Responsive 

Proactive

Adaptive Content Selection 13,14
Decisive 

Adaptive

Efficient Content Retrieval 13 Proactive

Structured Information Presentation 13,14 Adaptive

Content Evaluation and Improvement 15 Decisive

Ensuring Relevance and Accuracy 11,15
Decisive 

Predictive

Goal Setting and Monitoring 10
Responsive 

Adaptive

Study Strategy Guidance 10,16,17 Proactive

Learning analysis 9,11
Decisive 

Predictive

Feedback provision 10 Responsive

Minimizing Cognitive Overload 10 Proactive

Focusing Attention on Learning Tasks 16 Proactive

Content Organization and Simplification 18 Adaptive

Cognitive Load Reduction Techniques 14,18 Proactive

Individual Learning Styles 15
Adaptive 

Predictive

Adaptive Learning Plans 11,15 Adaptive

Behavioral Insights for Personalization 15,16,19 Predictive

Identifying Learning Gaps 10,19 Predictive

Digital Skill Assessment 12,20 Adaptive

Training in Digital Proficiency 8 Responsive

Online Behaviour tracking  21 Proactive

Digital wellbeing monitoring 21 Proactive

Intuitive Navigation 14,22
Responsive 

Adaptive

Accessibility Features 14 Adaptive

Task Efficiency Enhancement
Streamlined Learning Processes 16,22 Predictive

Time-Saving Features 23,24 Predictive

Data Protection Measures 17 Predictive

Cybersecurity Integration 17,25 Predictive

Cognitive 

Enhancement

 Content 

Curation

Personalized Content 

Recommendations

Content Organisation and Search

Quality Assurance

Cybergogical 

Practices

Self-Regulated Learning Support

Learning Progress Tracking 

Distraction Reduction

Cognitive Load Management

Learner 

Characteristics

Personalized Learning Profiles

Learning Analytics for 

Individualization

Digital 

Capabilities

Digital Literacy Development

Digital Civility Enhancement

Platform 

Usability

User-Friendly Interface Design

Safety and Security
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In terms of content curation, AI offers personalized 
content recommendations, delivering tailored 

11,12
learning materials to meet individual needs.  It 
chooses adaptive content according to the 
advancement of learners, it structures information 
that is easy to operate and facilitates structured 

13,14
presentation.  Another important role is achieving 
quality assurance, where AI is continuously 
monitoring, evaluating and adapting content to 

11,15maintain its relevance.

AI can do much for digital practices that enhance self-
regulation of learning. Using AI to set and monitor 
goals, guide study strategy, and track progress in 

10,16,17
learning.  It offers such roles as feedback, 
reducing concurrent loads on cognitive resources and 

helps to concentrate the mind toward learning areas 
10. Further, AI supports cognitive load management 
by structuring and summarising information in an 
optimal way to prevent knowledge overload through 

14,18
a collection of focus tactics.

Personalised learning is characterised by the creation 
of learner profiles where each individual's style and 

11,15
adaptive plans can be developed using AI.  
Learning analytics generates behaviour insights that 
can be used to better personalize learning experiences 

10,19and also identify gaps in a learner's knowledge.

AI fosters digital literacy among learners by 
evaluating and coaching on their digital abilities.

Digital capabilities are enhanced through AI by 

TELEMED 

Component
Roles of AI Subroles Attribute of AI

Facilitating Learning Activities 26
Responsive 

Adaptive

Enhancing Student Engagement 16,26

Responsive 

Proactive 

Predictive

Feedback Mechanisms 18,26,27 Adaptive

Communication Tools Integration 26,27 Adaptive

Administrative Efficiency 28
Responsive 

Proactive

Grading and Assessment Automation 26

Responsive 

Decisive 

Proactive

Building Virtual Communities 3,29
Adaptive 

Predictive

Facilitating Peer Interaction 3,27,29
Predictive 

Responsive

Emulating Face-to-Face Interaction 10 Responsive

Fostering Instructor Presence 30 Responsive

Streamlining Institutional Processes 17,28
Responsive 

Adaptive

Resource Allocation Optimization 17
Adaptive 

Responsive

Ensuring Regulatory Adherence 15 Proactive

Data Governance Frameworks 11,17
Proactive 

Decisive

Informed Strategic Planning 15,17,28 Decisive

Performance Evaluation Metrics 11,17,18,22
Decisive 

Predictive

Facilitation 

Dynamics

Learning Process Support

Student-Teacher Communication 

Improvement

Routine Task Automation

 Social 

Representations

Social Connection Enhancement

Social Presence Mediation

Institutional 

Support

Administrative Efficiency 

Improvement

Policy Compliance and 

Monitoring

Data-Driven Decision Making
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assessing and training learners in digital literacy.AI 
provides personalised assessments and training to 
improve digital proficiency and ensures digital 

civility through online behaviour tracking and digital 
21wellbeing monitoring.

AI provides infrastructure support in education by 
making platforms more usable, aiding the design of a 
user-friendly interface and navigation, and 
incorporating multiple accessibility features for 

14,22diverse learners.  Artificial intelligence enhances 
the speed of the learning process, and it also 
minimizes time-consuming features via automated 
grading involving human services, thereby 

16,22
optimising overall task efficiency.  In addition, AI 
supports online security by embedding privacy 
perfectionism through data protection leads to 

17,25
cybersecurity synergies.

AI is also reported to be a “fuel” in the facilitation 
dynamics for catalyzing learning activities with    the 
aid of real-time interactivity, instant feedback to keep 

16,26
students engaged in online learning platforms.  AI 
further enhances student and faculty communication 
and automates routine administrative work like 
grading, assessments to reduce the workload of the 

26,27
instructor.

Social representations in AI-supported environments 
stimulate social relationships, creating a virtual 
community and supporting peer interactions similar 

3,27,29
to face-to-face communication on one hand.  This 
eases the sense of isolation and creates a feeling of 
connectivity among learners.

Last but far from the least, AI aids in operational 
support by enabling smooth and optimised processes, 
allocation of resources, as well as compliance with 

17,28regulations.  It helps to stay compliant with policies 
by implementing data governance frameworks and 
enables informed decision-making through strategic 
p lanning,  fo l lowed by the  performance 

11,17,18,22
assessment.

Frequency of identified AI Attributes: 

The following figure represents the frequency of 
identified AI Attributes that are used in online 
learning environments including (i) Responsive AI, 
(ii)Adaptive AI, (iii) Decisive AI, (iv) Proactive AI, 
and (v) Predictive AI.

Figure-3: Frequency of identified AI attributes in online 
learning environments

Based on the scoping review findings, three attributes 
i.e. AI being responsive, adaptive and predictive were 
present in all the nine domains of online learning 
environments. The attribute of AI being proactive 
was evident in five domains, whereas AI being 
decisive was observed in four out of the nine domains 
of digital learning environments.

Discussion

This scoping review highlights the multifaceted roles 
of AI in online learning environments, demonstrating 
its potential to enhance student outcomes through 
adaptive, predictive, responsive, proactive, and 
decisive functionalities.

Adaptive AI

Adaptive AI refers to the ability of an AI system to 
adjust its behaviour or outputs in response to the 
specific needs and preferences of individual learners. 

31
Bennani et al.   discussed the adaptiveness of AI 
towards personalized learning experiences by 
tailoring learning experiences to the unique needs and 
preferences of each student. This involves adjusting 
the difficulty level of content, recommending 
relevant resources, and providing personalized 

11,32
feedback based on individual learning progress.  
Adaptive AI can help students achieve their full 
potential by addressing their specific strengths and 
weaknesses, fostering a sense of ownership over their 
learning journey.

Minn et al underscored the adaptability of AI in 
developing curriculums and assessment materials 
that evolve in real-time with the changing learners' 
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needs. Such adaptability guarantees that the 
curriculum is still up-to-date, relevant and 
challenging and meets the needs and capacities of the 
students 33. AI makes learning more engaging and 
interesting by continuously adjusting the learning 
materials and assessments. Adaptive AI remains 
important as it helps to deal with students' diverse 
learning needs and styles. Shu & Gu 34 discussed 
how adaptive AI can promote student engagement 
and success in virtual learning settings. AI 
personalizes learning paths and content, allowing 
students with distinct learning skills to benefit from 
the educational offerings equally. 

Responsive AI

Responsive AI refers to the ability of an AI system to 
provide real-time feedback or assistance to learners. 
In online learning environments, responsive AI can 
be used to answer student questions, provide 
immediate feedback on submitted work, and offer 
support during learning activities 35. For example, a 
responsive AI system could provide instant feedback 
on multiple-choice questions or offer suggestions for 
improving written assignments. Gunness et al. 36 
have shown that by responding in a timely manner, 
responsive AI can enhance student engagement, 
reduce frustration, and promote a sense of 
connectedness to the learning environment. Further, 
Kang et al. 37 demonstrated the potential of teacher-
AI collaboration to make learning experiences more 
engaging and effective. AI systems can promptly 
accommodate user inputs, resulting in enhanced 
navigation ability and interactive online platforms 
that create a conducive learning environment. It 
means that AI can monitor and make immediate 
interventions. Through tracking student progress, AI 
tools can give learners the required assistance and 
support as and when needed, thus keeping them on 
track with the learning objectives 33. This aspect of 
responsiveness is essential in detecting and 
addressing learning challenges as they occur, 
enabling prompt and efficient intervention.

Decisive AI:

Decisive AI refers to the ability of an AI system to 
make decisions and take action without human 
intervention. Decisive AI automates routine tasks and 
streamlines processes, freeing up educators' time to 
focus on higher-order activities such as personalised 
instruction and student support 38. This includes 
grading assignments, providing automated feedback 

on practice exercises, and managing administrative 
tasks. Decisive AI can enhance the efficiency of 
online learning environments, allowing educators to 
devote more time to their core responsibilities. For 
example, a decisive AI system could automatically 
grade multiple-choice quizzes, provide individu-
alized feedback on essay writing, or recommend 
relevant articles and videos based on a student's 
learning interests 34.

Chang et al. 39 has demonstrated the role of AI In 
curriculum design and decisions in selecting content 
that is relevant , updated according to latest 
educational trends and according to students' needs. 
The decisive role of AI allows fostering an 
environment that stimulates students' creativity and 
critical thinking in long run 40.

Proactive AI:

Proactive AI is related to the capacity of an Artificial 
Intelligence System to identify upcoming issues or 
learning difficulties and then immediately provide 
preventive benefits on those matters. Proactive AI 
predicts potential challenges faced by students and 
supports the identification of such students who are 
prone to fall behind 41. For example, proactive AI can 
be used to identify students who are at risk of falling 
behind, provide early warning signs of potential 
plagiarism, and suggest strategies for overcoming 
procrastination 42,43. This includes creating models 
for predicting how likely a student is to drop out, red 
flag indicators of plagiarism and potential remedies 
for procrastination. By intervening early on, 
Proactive AI can help set students up for a successful 
outcome.

Predictive AI:

Predictive AI refers to the capability of an AI system 
to make predictions with data on events or outcomes 
yet to come. Predictive AI uses data to create 
individualized learning pathways for students and aid 
educators in making decisions about how their 
expertise can be best employed. Studies have 
mentioned varying utility of Predictive attributes of 
AI, including prediction of student performance, 
identification of potential areas of improvement and 
suggesting online content for covering that gap 34,44. 
Hence, Predictive AI can supplement teachers' 
support at every stage of their learning process. For 
example, predictive AI can analyse a student's past 
performance and use demographic data to score on 
how likely they are to succeed in each course, which 
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the institutions can make use of at the time of 
admissions. At the individual level, AI can 
recommend a personalised learning plan best suited 
for a learner based on their strengths and identified 
areas of improvement.

A call to action for educators and researchers

The expanding data regarding AI's utility in cognitive 
enhancement, particularly in problem-solving, 
presents a valuable opportunity for educators and 
researchers to drive meaningful enhancement in both 
educational practice and scholarship. By using AI-
powered platforms, educators can create personalised 
learning experiences that can dynamically adapt to a 
learner's needs and preferences. Further AI-driven 
content curation can allow instructional designers to 
adjust the course content at an appropriate level of 
difficulty. Students can receive targeted support 
through step-by-step AI-assisted problem-solving,  
reinforcing conceptual understanding and critical 
thinking. In short, by integrating AI into educational 
frameworks, educators and researchers can bridge the 
gap in digital learning, maximising AI's potential to 
enhance the learning experience, leading to improved 
learning outcomes. 

Limitations and future directions

While this scoping review provided valuable insights 
into AI's roles in online learning environments,  
several limitations must be acknowledged. Since this 
review was conducted with the earliest data, more 
advancements in AI roles need to be incorporated into 
the results in future studies. Moreover, while the 
studies with positive AI impacts may be 
overrepresented, further work regarding AI failures 
or challenges needs to be done. Another limitation in 
this review was the lack of longitudinal data, as most 
of the studies conducted were with short-term 
experimental settings. There is also an identified gap 
in empirical research directly linking AI applications 
to sustained improvements in student performance 
and engagement.

Conclusion

This scoping review highlights the transformative 
role of AI in online learning environments,  
demonstrating its ability to enhance student outcomes 
through personalised learning,  cognit ive 
enhancement, and content curation. The identified AI 
attributes– responsiveness, adaptability, decisiv-
eness, proactiveness, and predictiveness - play an 

important role in enhancing the effectiveness of AI-
powered learning environments in terms of 
improving engagement, optimising learning 
pathways, automating administrative processes and 
fostering data-driven decision making in education. 
The educators, administrators and policymakers must 
take proactive steps toward ethical and equitable AI 
integration by taking a strategic research-informed 
approach.
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