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Abstract
Supporting learners in achieving high-level socially shared regulation of learning 
(SSRL) in the online collaborative learning (OCL) context presents challenges that 
the utilization of artificial intelligence (AI) technologies may help solve. However, 
the effective uses of AI to support multifaceted areas (cognition, metacognition, and 
motivation) and phases (forethought, performance, and reflection) of SSRL remain 
elusive. Furthermore, research on developing an educational AI and what pedagogi-
cal attributes and elements are required for AI to support students’ SSRL effectively 
is limited. This study, therefore, aims to investigate students’ perceptions of AI 
applications in enhancing SSRL and to explore the essential pedagogical elements 
necessary for AI to support SSRL during the OCL. To achieve these aims, the study 
conducted Focus Group Interviews facilitated by 9 scenarios of AI application sto-
ryboards and paper prototypes with 30 undergraduate and graduate students. The 
study findings show that students perceive various types of AI to support cognitive, 
metacognitive, and motivational areas across different SSRL phases. The study also 
found that students viewed AI as an active learning agent, serving in roles previ-
ously inhabited solely by human educators and students. Furthermore, the study 
reveals seven key pedagogical elements across TPACK components such as peda-
gogical, content, technological, pedagogical content, technological pedagogical, 
technological content, and technological pedagogical content knowledge deemed 
crucial by students for AI to support SSRL in OCL effectively. These findings offer 
implications for using and designing educationally relevant AI to support SSRL in 
OCL environments.
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1  Introduction

Collaborative learning, be it face-to-face or online, is a socio-constructivist 
approach to learning that emphasizes providing students with the opportunity 
to construct knowledge themselves and with others (Jonassen, 1999; Roschelle 
& Teasley, 1995). From this perspective, the construction of new knowledge is 
a joint effort as a form of shared cognition where individuals come together to 
create shared meaning by collectively synthesizing ideas and negotiating what is 
known for creating new knowledge (Roschelle & Teasley, 1995; Stahl, 2006).

Existing studies, however, have also demonstrated that group members do not 
always collaborate effectively and efficiently in a collaborative learning environment, 
particularly when online. For instance, an online collaborative learning (OCL)-group 
has limitations related to mobility, flexibility, and face-to-face information sharing 
(Zurita & Nussbaum, 2007), and they therefore need more time to complete their tasks 
than their face-to-face counterparts. They may find it difficult to manage time, elabo-
rate on communication, resolve conflicts, and coordinate group dynamics (Arnseth & 
Ludvigsen, 2006; Oyarzun & Martin, 2023; Robinson et al., 2017). Moreover, OCL 
environments often provide learners with high levels of autonomy but low levels of 
instructor presence (Jansen et al., 2020). Consequently, learners’ socially shared regu-
lation of learning (SSRL) becomes critical to their collaborative learning experiences 
and performance (Borge & White, 2016; Zimmerman & Schunk, 2001).

Given the importance of SSRL, the design and implementation of pedagogical 
intervention and guidance to support learners in developing SSRL has become a very 
important research agenda in the field of collaborative learning. In particular, external 
support using learning technologies such as artificial intelligence (AI) could poten-
tially support learners’ successful SSRL (Molenaar, 2022). To this end, AI could be 
leveraged to support learners’ metacognitive activities, such as monitoring group 
progress or helping the group adapt their goals or strategies, resulting in improved 
outcomes and assignments (Zheng et  al., 2021). For instance, an AI chatbot could 
support a student’s metacognitive processes through the act of prompting, where a 
student communicates with AI regarding the type of response they desire, as this 
process requires the student to be aware of the goals they are attempting to achieve 
through their prompts which requires they reflect on what they are trying to achieve 
and can serve as future benchmarks for self-evaluation (Chang et al., 2023).

However, designing AI technologies that effectively support learners’ SSRL 
presents a challenge because SSRL comprises metacognitive, cognitive, behav-
ioral, and motivational processes (Lodge et al., 2019), and necessitates an appro-
priate degree of pedagogical support that fully considers diverse learners’ char-
acteristics (Cress & Kimmerle, 2023; Kim et  al., 2024). For example, Kim and 
Cho (2023) found that students with a high level of domain-specific skills showed 
resistance against using and relying on AI to complete tasks because they prefer 
to rely solely on their own domain knowledge without an AI’s assistance. Con-
versely, students with a low level of domain-specific skills completed the learning 
tasks mostly by adopting AI’s suggestions, which lowered the chance of trial and 
error in the learning process and learners’ ownership and agency in learning.
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To develop effective AI applications that support SSRL in the long term, it is nec-
essary to investigate students’ perspectives on such applications (Jivet et al., 2020). 
Students’ perceptions can be the basis for identifying pedagogical considerations in 
developing AI applications. Accordingly, this study aims to investigate student per-
ceptions of AI applications in enhancing SSRL and to explore the essential peda-
gogical elements necessary for AI to effectively support SSRL. The results of this 
study are expected to provide practical implications for the utilization and design of 
educationally relevant AI to support SSRL in online learning environments.

2 � Literature review

2.1 � AI applications for supporting socially shared regulation of learning

SSRL grew from Self-Regulated Learning (SRL) theory, a framework that helps to 
explain how individual learners successfully and proactively manage their own learn-
ing using a combination of various metacognitive, motivational, and behavioral strat-
egies while completing academic tasks (Panadero & Järvelä, 2015; Zimmerman, 
1990). These strategies may include self-monitoring, goal setting, organization, plan-
ning, or conducting self-evaluations (Zimmerman, 1990). SRL literature speaks to the 
role social processes, interactions, and influences play in the regulation of learning, 
which led to the emergence of SSRL concepts and research, with SSRL addressing 
how groups of learners collectively orchestrate their learning processes as demon-
strated through things like shared goals or the co-construction of plans to successfully 
complete an activity. Strategies of SSRL, such as monitoring or evaluations, appear 
similar to those seen in SRL, but rather than being done individually, these strategies 
are implemented collectively toward a common goal (Panadero & Järvelä, 2015). Suc-
cessfully engaging in SSRL supports groups of learners in successfully accomplishing 
their tasks, and it lends itself to enhanced co-construction of knowledge among group 
members leading to better learning outcomes (Hogenkamp et al., 2021; Järvelä et al., 
2016).

AI can potentially support SSRL within the context of OCL in several ways, 
including capturing insights into group outcomes (Järvelä et al., 2023); monitoring 
and analyzing learner sentiments, emotions, and discourse patterns to inform a cus-
tomized learning experience and motivating learners (Tan et  al., 2022); grouping 
students based on their characteristics or behaviors (Wang & Wang, 2022); aiding 
students in monitoring their learning processes to support team decision support or 
automation of decision-making (Hadwin et  al., 2017); and providing instant feed-
back to learners (Järvelä et al., 2023). For example, an AI agent can support students 
in becoming more self-aware of their own learning processes and the learning pro-
cesses of their collaborators through the act of externalizing their learning through 
their interactions with the AI, resulting in enhanced regulation of both the individual 
student and the group (Järvelä et al., 2016). Further, an AI can act as a guide to stu-
dents, helping them to efficiently navigate processes related to achieving a shared 
understanding of their task, setting common goals, and planning steps to achieve 
those goals for a successful collaborative experience (Järvelä et al., 2016). AI may 
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also actively engage as a collaborative agent since it can interact with human learn-
ers in a manner similar to interacting with another human (Cress & Kimmerle, 
2023). This human-like interaction can then lend itself to an environment where 
AI co-constructs knowledge with learners taking part in OCL (Cress & Kimmerle, 
2023). For example, AI can provide personalized interventions to improve both 
group performance and knowledge building by providing relevant group feedback, 
such as reminders to stay on topic and prompting students to reflect on and evalu-
ate their progress (Zheng et al., 2021). This suggests that AI can be used to improve 
knowledge-building activities in OCL. Additionally, students working with AI 
exhibit more socially shared metacognitive regulation behaviors than other groups 
(Zheng et al., 2021).

However, while current research provides some indications that AI is capable of 
supporting SSRL, these insights are mostly gleaned from broader studies on AIED 
with specific research exploring AI’s role in SSRL remaining extremely limited 
(e.g., Järvelä et al., 2023). In particular, existing research highlights several limita-
tions of AI in this context. For instance, although educators have shared the impor-
tance of enhancing socio-emotional interactions (Kim et  al., 2022), GenAI often 
struggles to effectively interpret students’ socio-emotional cues. This may result in 
interactions that inadequately support emotional regulation, a key aspect of SSRL 
(Jin et al., 2023). Additionally, AI often lacks the pedagogical knowledge required 
to foster deeper, higher-order thinking, limiting its ability to fully guide students 
through the reflective processes necessary for SSRL (Chang et  al., 2023). Given 
these challenges, the current body of literature remains too shallow to comprehen-
sively address the potential and limitations of AI in supporting SSRL. This research, 
therefore, aims to add to the foundation currently being built on this topic of study 
by reporting on student perspectives in using AI for SSRL and aligning them with 
instructional design considerations through the use of the TPACK framework.

2.2 � Instructional competency to support socially‑shared regulation of learning 
in technology‑enhanced learning environments

Despite AI’s potential to support SSRL in OCL, some aspects require thoughtful 
attention and consideration to foster learning and constructive utilization of AI in 
educational contexts. In particular, existing literature underscored the importance of 
AI’s appropriate pedagogical support and competencies while considering students’ 
different characteristics to engage students in productive SSRL and lead to improve-
ments in learners’ achievement. For instance, students with varying levels of domain 
skills and attitudes toward AI interact differently with AI, which could impact their 
performance in a learning activity. In a study where students used an AI-powered 
tool to support a drawing activity, students with low drawing skills resorted to sim-
ply adopting AI suggestions, whereas those students who were both more highly 
skilled in drawing while also having more positive attitudes toward AI put in more 
effort to modify their work based on AI feedback and recommendations (Kim et al., 
2024). Additionally, Kim et al. (2024) revealed that students expected AI to actively 
guide them to activate key regulation processes such as setting goals, making plans, 
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and monitoring learning progress. Reflecting on these, the growing literature on AI 
for education (AIED) suggests that educational AI should have a stronger pedagogi-
cal and instructional grounding; it is, therefore, crucial to comprehensively examine 
effective teaching practices and apply them to AI development.

The TPACK (technological pedagogical content knowledge) framework provides 
foundational guidance to educators on successfully integrating technology into their 
teaching. TPACK highlights that effective technology-integrated learning not only 
includes knowledge of specific content, pedagogical approaches, or technology but 
also requires a dynamic interplay of all three. TPACK includes three essential com-
ponents of teachers’ knowledge: content knowledge (CK), pedagogical knowledge 
(PK), and technology knowledge (TK) (Schmidt et al., 2009). CK refers to subject 
matter knowledge on learning content, including fundamental domain concepts, 
skills, and practices. PK is knowledge about instructional methods and processes, 
including instructional design, assessment, material presentation, and classroom 
management. Lastly, TK is knowledge about learning technologies ranging from 
very low-tech, such as a blackboard, to high-tech, such as computers, the internet, 
and artificial intelligence. In addition to these three components, TPACK also com-
bines these elements to derive sub-components: pedagogical content knowledge 
(PCK), which is the knowledge of pedagogy used to interpret and transform content 
for effective teaching; technological content knowledge (TCK), which is the knowl-
edge of technology used to effectively demonstrate and illustrate specific phenom-
ena and content areas; and technological pedagogical knowledge (TPK), which is 
the knowledge of using technology to transform teaching methods and enhance ped-
agogical effectiveness.

TPACK guides definitions of teacher competencies and the design of profes-
sional development for teachers. For example, Brinkley-Etzkorn (2018) designed a 
professional development program for university faculty members to enhance their 
competency to teach online based on the TPACK framework. In this professional 
development program, faculty members reported their pedagogical learning, such 
as skills to promote successful teamwork and peer evaluation or classroom engage-
ment strategies. Technologically, they learned to use learning management systems 
and collaborative learning tools. Similarly, Benedicto et al. (2023) designed profes-
sional development for online private tutors to enhance their teaching performance 
based on TPACK and reported a significant improvement in tutors’ performances 
on the lesson design and teaching demonstration. TPACK guided e-tutors to play 
major roles in providing pedagogical, managerial, social, and technical support in 
the online learning environment. For example, the professional development pro-
gram helped the e-tutors integrate curriculum goals, instructional strategies, and 
technologies together.

Mishra et  al. (2023) noted that the TPACK framework is not focused on any 
particular technology. Existing teaching practices aligned with TPACK offer many 
implications for integrating and including AI to support SSRL processes. To date, 
research to develop AI technologies in education has primarily focused on devel-
oping algorithms with few pedagogical considerations (Horáková et  al., 2017) or 
merely presenting domain knowledge technically without pedagogical designs 
(e.g., problem repositories or automated feedback; Petit et  al., 2017), yielding a 
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lack of significant impact on improved teaching and learning (Zhai et  al., 2021). 
In response, many research emphasize the importance of integrating pedagogical 
considerations and learning theories (PK) into the development of AIED to fully 
realize AI’s opportunities for pedagogical support (PK) and domain knowledge 
(CK), rather than solely focusing on developing high-performing tools that are only 
equipped with advanced computational power (TK) or delivering content knowledge 
(CK) (Zhai et al., 2021). For example, AI technologies can enable recursive feed-
back mechanisms to support students’ reasoning (PK) within collaborative learning 
environments. The formative and corrective nature of AI can provide an adaptive 
learning system by integrating appropriate CK as well as PK to support students’ 
SSRL and monitor students’ behaviors. Further, a data-driven mechanism of AI 
agents can provide learning analytics to students to promote a reflection on their col-
laborative learning and develop SSRL strategies (Chang et al., 2023).

Despite discussions on appropriating TPACK into the design and development 
of AIED solutions, little is known about how TPACK can inform AI competencies 
to support students’ SSRL skills, and whether students perceive them as helpful for 
improving SSRL in OCL remains unclear. Understanding students’ perceptions of 
using AI applications to support SSRL is crucial to prevent potential challenges with 
AI and to utilize AI applications more effectively. Our literature review revealed 
research gaps regarding students’ perceptions of using AI applications to support 
SSRL and the pedagogical aspects required for AI to effectively support students’ 
SSRL, highlighting a need for research considering these aspects. We, therefore, set 
the following two research questions to guide our study:

RQ1. What are student perceptions of AI applications in supporting socially 
shared regulation across the regulation areas of cognition, metacognition, and 
motivation and during the learning phases of forethought, performance, and 
reflection?
RQ2: What key pedagogical elements do students consider important when using 
AI applications to support SSRL?

3 � Research methods

3.1 � Participants

This study employed a purposeful sampling strategy to recruit 30 research partici-
pants, which enables researchers to target a population with certain characteristics or 
experiences that align with the study aims, enabling more efficient and precise data 
collection. Specifically, our study selected student participants who had at least six 
months of fully online learning experience at universities and were diverse in educa-
tion level, gender, discipline, and types of AI used for learning (see Table 1). The 
participants were prompted to identify AI tools relevant to their personal learning 
experiences from among five categories: Intelligent Tutoring System (ITS), Explor-
atory Learning Environments (ELE), AI-driven dashboards, Automatic Writing 
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Evaluation (AWE), and chatbots (Kim, 2024; Lameras & Arnab, 2021). The study 
explored students’ views on how AI applications assist in socially shared regula-
tion, spanning cognition, metacognition, and motivation. Additionally, it sought to 
determine the pedagogical aspects students deem significant for these AI tools to 
support SSRL. Therefore, participants were not expected to possess deep knowledge 
or proficiency in AI model development. The emphasis was on students’ percep-
tions and educational needs, not their technical expertise in AI. This study obtained 
ethical approval from the first author’s university’s Institutional Review Board (NO. 
2105252–2) and also received informed consent from all participants.

3.2 � Data collection

The study conducted Focus Group Interviews (FGI) with 30 students in Table 1 to 
gather various viewpoints and insights through conversations between research par-
ticipants (Lazar et al., 2017). Before conducting FGI, the study designed scenarios 
and paper prototypes of educational AI systems that could support SSRL. These 
products were then used as a reference point for students to help ground the inter-
views. Scenario development (Van der Heijden, 1996) facilitated a deeper under-
standing of participants’ interactions using AI tools in simulated real-life situations. 
The paper prototype (Wendell et  al., 2004) provided a tangible and visual repre-
sentation of the AI-supported learning environment. These scenarios and prototypes 
provided a structured framework for the FGIs, allowing participants to critically 
assess and discuss how AI would affect their SSRL in OCL environments (Turner, 
2010). To explore students’ diverse perceptions of AI as support for SSRL and to 
avoid limiting what they shared in the FGI, the study embraced all types of AI being 
used in instruction, both physical (e.g., robots, AI speakers, etc.) and digital AI (e.g., 
models, algorithms, generative AI, etc.).

To create scenarios, the study first conducted an online brain-writing activi-
ties related to AI’s support for SSRL scenarios in higher education (Kim, 2024; 
Linsey & Becker, 2011) with 48 graduate students (36 master’s students, 12 
doctorate students) enrolled in the first author’s online Instructional Design and 
Technology course. These students had an average of 7.8 years (SD = 3.5 years) 
of instructional design and teaching experience to create technically feasible and 
relevant scenarios in a classroom instruction context and therefore brought sig-
nificant expertise as both instructional designers and teachers. During the brain-
writing activities, a total of 12 teams, consisting of four members each, were 
formed. Each student was encouraged to explore how AI applications would 
contribute positively to students’ SSRL and areas where more attention is neces-
sary. After the initial brain-writing activities, students then transitioned to actual 
scenario development. One of the goals for scenario development was to drill 
down into student perceptions of AI applications in supporting SSRL to sup-
port answering RQ1. Each student captured their ideas and scenarios related 
to AI-enabled SSRL support using Miro (https://​miro.​com/​brain​storm​ing/), a 
free online collaborative whiteboard, and passed them to another student for 
review and refinement. This process continued until each team member had fully 

https://miro.com/brainstorming/
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reviewed each proposed scenario. The teams then reviewed and refined each 
idea as a group to ensure that each scenario was technically feasible and contex-
tualized in the real classroom. Finally, students created storyboards based on the 
scenarios, detailing the scenario with descriptions, as illustrated in Appendix 
A. When drawing on the storyboard, students were instructed to stylize the char-
acters in the storyboards using a single visual style and flat cartoon shading to 
reduce gender and racial bias and to allow participants to immerse themselves in 
the characters in each storyboard (Zimmerman & Forlizzi, 2017). Subsequently, 
each team developed a paper prototype that reflected AI systems that can sup-
port SSRL in the OCL context based on the scenarios they had designed. The 
paper prototype activity aimed to provide students with a frame of reference to 
help answer RQ2 in identifying the key pedagogical elements considered impor-
tant by students when using AI applications to support SSRL.

These scenarios and paper prototypes reflecting AI’s support for SSRL were 
further validated through expert reviews. The study conducted 60–90 min individ-
ual face-to-face semi-structured interviews with a total of six experts (two faculty 
from instructional design and technology, two faculty from data science & ana-
lytics, two faculty from human factors psychology) with an average of 10.8 years 
(SD = 7.8  years) of research experience and 8  years (SD = 6.2  years) of teaching 
experience. The questions discussed include, but are not limited to: (1) Can you 
improve this scenario and paper prototype to make it technically feasible?; (2) can 
you improve this scenario to have a positive impact on classroom interaction based 
on your own teaching and research experience?; (3) Do you have any research 
ideas that can be used as a new scenario? As a result, before conducting FGI with 
participants, a total of 9 scenarios (Appendix A) were developed by reflecting on 
the experts’ review of the student-created scenarios, paper prototypes, and AIED 
literature.

Following the scenario development, paper prototyping, and expert review, six 
focus groups were formed, comprising various education and experience levels, 
areas of study, and gender, to encourage the sharing of diverse perspectives (see 
Table  1). A single FGI was conducted per week between 18 March 2024 and 15 
April 2024 until all groups had been interviewed. First, participants were asked 
to recall their OCL experience with the question, “What were the most frequently 
experienced challenges when learning and collaborating online?”. Subsequently, 
each group of participants read each scenario aloud and was asked to critically 
assess and discuss how they think AI would support SSRL in an OCL context. Addi-
tional questions asked during the FGI included: “What AI applications would be 
likely or unlikely to support SSRL in OCL?”, “If this type of AI were applied into 
your OCL, when and how would you use it?”, “How do you think such AI applica-
tions would support before, during, and after a group’s collaboration process and 
experience your collaboration process?”, “What would be the case if such an AI 
application is unlikely to help your SSRL in OCL and why do you think so?”, “What 
are some new types of AI applications that you consider to support SSRL in OCL 
in addition to the scenarios and paper prototypes presented?”. The interviews lasted 
approximately 70–90 min each (SD = 10.2 min), with 5–10 min spent sharing each 
storyboard and examining participant responses.
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3.3 � Data analysis

Each interview was audio-recorded and transcribed for the thematic analysis, guided 
by Braun and Clarke’s (2006) six steps of thematic analysis frameworks, to iden-
tify salient patterns, trends, and insights within the data garnered through FGI. 
Three researchers in the team began to familiarize themselves with the data by thor-
oughly reading and re-reading the interview transcripts independently. During this 
process, we generated initial codes that appeared to be relevant and meaningful to 
the research question and features of the participants’ responses. Each researcher 
kept a reflective journal to document personal biases, assumptions, and insights 
that emerged during the data analysis process. Detailed descriptions of the data, 
the context in which it was collected, and direct quotes from participants to support 
each code and interpretation were documented not only for searching the themes 
but for higher transferability. Subsequently, these codes were clustered into textual 
segments that emerged with key ideas, opinions, and experiences related to RQ1 
and RQ2 using axial coding. An iterative process was applied to review and refine 
the themes, moving back and forth between the coded data and the entire dataset 
to ensure that the themes accurately reflected the data. This entailed comparing 
and contrasting themes across diverse groups, seeking patterns and variations, and 
exploring the interrelationships between themes.

To ensure the reliability of the qualitative data analysis, we adopted two strate-
gies: member checking and employing moderators (Golafshani, 2003). The emerg-
ing themes and key findings were shared with the participants to confirm that their 
perspectives were accurately represented. Furthermore, the research team discussed 
the themes and findings with four external experts who were not directly involved in 
the research (two from learning sciences, one from educational psychology, and one 
from computer science) to seek their feedback and refine the analysis throughout the 
process. These processes were repeated until there was consensus among partici-
pants, peer reviewers, and experts. Finally, a total of 25 codes aligning with three 
phases of SSRL were derived regarding students’ perception of using AI applica-
tions to support SSRL (RQ1), and 7 themes with 17 sub-themes were identified to 
present students’ perception of pedagogical support needed in AI (RQ2).

4 � Findings

4.1 � Students’ perception on using AI applications to support SSRL

Table  2 illustrates the results of the analysis of responses drawn from 48 partici-
pants on the use of AI applications to support SSRL. The participants’ perceptions 
of how AI applications could support SSRL were classified and organized based on 
the three learning phases (forethought, performance, and reflection) and four self-
regulation areas (cognition, metacognition, motivation, and behavior).
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4.1.1 � Supporting SSRL during the forethought phase

Students expect that AI can be applied to support them in both cognitive and meta-
cognitive activities. These include activating prior knowledge or generating hypoth-
eses and verifying knowledge gaps by creating quizzes and/or generating practice 
questions for comprehension checks (P1, P9, P27) and formulating group-level 
goals, team task management strategy, and generating ideas for problem-solving by 
providing students with concrete examples that help illustrate problem-solving pro-
cess (P3, P8, P25). In addition, students describe that AI can help them recognize 
task value and the importance of the problem by guiding them to recognize expected 
learning outcomes and projecting the learning growth with indirect and direct feed-
back (P5, P15, P16).

Students also considered that various types of AI can be applied to support vari-
ous areas during the forethought phase. However, it was interesting that students 
expected both ‘human-like’ AI (e.g., AI companions, AI tutors, and AI facilitators) 
and AI as an effective ‘data-driven learning tool’ (e.g., knowledge graph and pre-
question generator) to provide them with descriptive and diagnostic information and 
analysis on their knowledge gaps and prescriptive actions such as developing group-
level strategy, offering advice for group decision-making.

4.1.2 � Supporting SSRL during the performance phase

During the performance phase, students apply experiential and experimental-type 
AI such as an AI simulator, exploratory learning environment, and interactive dash-
board that can facilitate deeper inquiry and problem-solving and facilitate collabora-
tive knowledge construction in an authentic learning environment (P4, P13, P19) 
in tandem with scaffolded feedback and interaction with human-like virtual agents 
such as AI tutor or AI facilitator. In this regard, students perceive that AI could help 
them clarify and elaborate group understanding of tasks, apply and test specific cog-
nitive strategies to solve problems and generate diverse solutions collaboratively 
via demonstration. In line with this, students considered AI that performs diverse 
data analytics (e.g., descriptive, diagnostic, predictive, and prescriptive analytics) 
to enable learning analytics and interactive dashboards to help them productively 
monitor group efforts on task performance and processes, reflect upon their learning 
goals and progress, and refine these goals and strategies or consider alternatives (P7, 
P21, P26). For instance, diagnostic and predictive analytics allow students to iden-
tify various learning aspects and behaviors of group collaboration to aid students 
in identifying instances to further facilitate collaboration or take appropriate inter-
ventions. On the other hand, prescriptive AI suggests what actions should be taken 
for collaboration learning and provides feedback for improving interaction among 
group members drawing from descriptive analytics that analyze and assess multifac-
eted data sources, including discourse, content, and collective performance. In this 
respect, students described that AI can support them in monitoring group efforts, 
adjusting the task-related strategy, and understanding within a team. Furthermore, 
students explained that human-like AI such as AI companions and AI tutors could 
be utilized to discuss their learning journey- what is easy, difficult, and meaningful 
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to them, and facilitate social interactions and processes among group members via 
analysis of discourse patterns and talk moves as well as sentiments and emotions to 
keep the group motivated and engaged and build team confidence.

4.1.3 � Supporting SSRL during the reflection phase

The potential SSRL supports that AI could offer associated with the performance 
phase include evaluating the quality of learning outcomes, group performance, 
problem-solving process, reflecting on areas of improvement (e.g., past mistakes and 
challenging situations within a group), and considering them in the plan going for-
ward. Students noted using AI tools such as learning analytics and interactive dash-
boards in the reflection process can provide prompts to encourage deeper reflection 
on experiences, allow externalization of thinking through data visualization, and 
gain insights by directly interacting with data and reflecting upon the data within an 
AI system (P3, P24, P29).

Along with this, students found greater opportunities in AI, particularly in peda-
gogical agents such as AI companions and AI tutors, to support motivational areas 
during the performance phase, including supporting team satisfaction, a positive 
learning attitude, and attributing future success to the group’s knowledge and skills. 
Students highlighted that such pedagogical agents should be conversational via 
text and voice and possess major skills that humans (teachers and peers) put into 
practice during teaching and learning processes, including empathizing, encourag-
ing, persuading, and even manipulating students to evaluate past group performance 
and experience to promote continuous learning and improve future experiences (P6, 
P18, P28).

4.2 � Students’ perception on pedagogical support needed in AI

Previous literature investigating the use of AI to support SSRL (Järvelä et al., 2023) 
and OCL (Robinson et al., 2017) has argued that it is imperative for AI usage to be 
pedagogically informed, enabling educators to leverage the technology effectively 
for enhanced learning. Key pedagogical elements that students consider important 
for using AI to support SSRL in OCL are summarized in Table 3. These elements 
are categorized into six main themes, with each sub-theme presented in order of fre-
quency of students’ responses, providing a structured framework for integrating AI 
into educational practices to enhance SSRL.

4.2.1 � Pedagogical knowledge (PK)

Students expressed that AI should have an in-depth understanding of learning mecha-
nisms that would help them navigate areas where they struggle and enable them to seek 
additional support to address those challenges proactively. In particular, students perceive 
PK as essential to guiding and fostering metacognitive awareness. It includes monitoring 
and reflecting on the learning process among the group, which assists in developing a 
shared understanding of problem-solving strategies and adapting their approaches based 
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on real-time interactions and feedback among students from diverse backgrounds and 
locations. This aligns with emerging research on AIED, where researchers have identi-
fied and argued that AI can act in a role similar to that of a tutor, providing feedback 
comparable to a human teacher which aids in encouraging reviewing and reflection nec-
essary to promote improved learning outcomes (Dai et al., 2023; Dwivedi et al., 2023).

Second, understanding instructional strategies of personalized learning has emerged 
as essential for AI. This is particularly important in OCL, where students often 
encounter challenges such as differing learning paces, varying levels of participation, 
and even easily lose track of their pace during collaboration. In this respect, students 
anticipate AI should understand and employ necessary instructional strategies, such 
as monitoring the group’s progress and identifying who may need additional support 
or clarification. Demonstrating this type of use case, Zheng et al. (2021) evaluated a 
system that was able to analyze student data to identify personalized interventions and 
feedback, such as reminding students to engage in monitoring activities. Beyond mon-
itoring, students expect AI’s support to be personalized in a variety of ways to address 
each student’s needs, preferences, learning styles, and pace, thereby enabling diverse 
students to progress at their own pace in the OCL setting, and facilitating effective 
regulation of the learning process within collaborative contexts.

Third, students expressed that AI should have an in-depth understanding of 
assessment methods of personalized learning to offer constructive, specific, and 
actionable feedback that provides information on the strengths and weaknesses of 
students’ individual and group performance, and suggest ways to improve or main-
tain their learning performance. As P24 in Table 3 expressed, the learning process 
is not one size fits all. Thus students strive for individualized, personalized feed-
back that meets students where they are and helps them move forward from differ-
ent learning challenges during OCL. Rather than typical standardized summative 
assessments that are not sensitive to individual variation, students envision AI pro-
viding personalized assessments that consider contextual and student-level differ-
ences, posing an appropriate level of challenge and yielding tasks that are both more 
engaging to students and valid to support their learning process during OCL. These 
students’ expectations support current trends in AI-powered education technology, 
where AI is being leveraged to generate formative and adaptive assessments based 
on relevant learning materials (Gardner et al., 2021; Hao et al., 2024).

Lastly, students emphasized the importance of AI understanding classroom man-
agement techniques to establish and orchestrate the foundation of a supportive and 
conducive learning atmosphere. This includes setting clear expectations, norms, and 
routines to positively impact student engagement, collaboration, and autonomy. In par-
ticular, as stated in P8 in Table 3, there is a need for AI to address issues such as off-
task behavior and conflict among team members in OCL settings by leveraging AI for 
communication (e.g., providing clear expectations, learning goals, and task instruc-
tions), organization (e.g., facilitating efficient workflow and task completion through 
organizing collaborative tasks, schedules, and resources effectively), and monitoring 
and evaluating (e.g., Assessing student participation, contributions, and interactions 
within teams, evaluating progress towards learning goals, and providing feedback) 
learning behavior. By doing so, learners can create a structured learning environment 
that fosters SSRL and addresses potential challenges and disruptions proactively.
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4.2.2 � Content knowledge (CK)

Students require AI to possess a deep and flexible understanding of the subject matter to 
address students’ misconceptions and enhance understanding and retention of the learn-
ing contents (see P30 in Table 3). This is crucial for building a solid foundation where 
peers rely on shared knowledge to progress. However, current research indicates that AI 
continues to have limitations in this regard, including risks related to generating false or 
misleading information (Chang et al., 2023). Even so, students perceive that AI’s high-
quality content knowledge will guide them in setting realistic learning goals and adjust-
ing strategies as needed, positively impacting the learning journey by motivating them 
and scaffolding the learning path. Accordingly, students highlighted that AI should have 
an in-depth understanding of how to teach the subject. Students note that AI should rec-
ognize that different disciplines are not just collections of facts and concepts, but also 
include specific methods of inquiry. As students in university are often required to col-
laborate with peers from different disciplines online, this recognition of disciplinary 
methods of inquiry is pivotal in facilitating effective collaborative learning.

Furthermore, as stated by P10 in Table 1, students emphasize that AI should be 
able to connect subject-specific knowledge to social contexts to create a dynamic 
learning OCL environment that encourages active participation and deepens stu-
dents’ understanding of concepts. Rather than passive absorption of information, 
OCL fosters student-centered learning through collaborative tasks of analyzing 
complex situations devising solutions, and making decisions. In this regard, stu-
dents expect AI to have capabilities that bring concepts and theories to authentic 
situations, help students connect what they learn in the classroom with real-world 
situations, and develop problem-solving skills during the OCL process.

4.2.3 � Technological knowledge (TK)

First, students highlighted that AI should be able to consider the characteristics 
of existing available instructional tools and technology in the classroom to offer 
appropriate recommendations in effectively utilizing the full spectrum of learning 
technologies (see P16 in Table 3). Students perceive that AI, with a comprehensive 
understanding of educational technological knowledge, can support students’ deci-
sion-making processes by helping them navigate and select appropriate tools and 
technologies based on their specific learning needs and the collaborative context. 
For instance, AI can analyze the characteristics of different instructional technolo-
gies and recommend those that best align with a student’s current tasks, learning 
style, or group dynamics. This targeted guidance helps students make more effective 
choices about which technologies to use, and it can assist in managing technical and 
ethical considerations, such as ensuring equitable access to resources and address-
ing potential biases, further supporting students in optimizing their learning envi-
ronment. AI’s interaction with learners, both directly and indirectly, brings to light 
various educational and ethical issues due to AI’s unique affordances. By acknowl-
edging the unique affordances, such as personalized learning experiences and data-
driven insights (e.g., transparency in how AI algorithms analyze and interpret stu-
dent data, respecting student privacy rights, and mitigating biases that may impact 
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learning outcomes), educators and learners can maximize the benefits of these tech-
nologies in fostering effective learning environments. AI needs to be fully aware of 
learning technology and affordances, respect privacy rights, and promote fairness to 
effectively enhance the learning experience and address the diverse requirements of 
students in collaborative learning scenarios.

Also, students value the ability to independently troubleshoot technical issues related 
to AI and educational tools. This capability empowers them to maintain smooth learn-
ing experiences and overcome obstacles that may arise during collaborative and indi-
vidual learning activities. By developing proficiency in technical problem-solving, 
students enhance their self-reliance and adaptability in utilizing educational technolo-
gies to support their educational goals. In OCL settings, technical troubleshooting skills 
are essential for ensuring uninterrupted communication and collaboration among team 
members. Students may encounter challenges such as software glitches during virtual 
meetings, connectivity issues affecting real-time collaboration, or compatibility issues 
when accessing shared documents or collaborative platforms. Additionally, students 
relying on AI-driven tools for personalized feedback or learning analytics need to trou-
bleshoot data synchronization issues or software updates that may affect the accuracy 
of feedback or progress tracking. Technical proficiency enables students to proactively 
address challenges by monitoring systems and tools for potential issues, providing 
immediate assistance and guidance, diagnosing the root causes of problems, and offer-
ing solutions to optimize learning environments. This proficiency allows students to 
resolve these issues promptly, minimizing disruptions and enhancing group productiv-
ity, which prepares them to navigate the digital landscape with confidence and resil-
ience. These skills foster a proactive approach to utilizing educational technologies, 
promoting continuous learning and adaptability in evolving educational environments.

4.2.4 � Pedagogical content knowledge (PCK)

First, students underscore the significance of AI’s ability to identify their miscon-
ceptions and difficulties in understanding and provide appropriate feedback. Given 
that misconceptions in an online learning environment can go unnoticed due to the 
lack of immediate, face-to-face interaction, creating a bottleneck for further learning 
and compounded errors in collaborative learning, students expect AI to offer prompt 
and targeted feedback to help them identify and correct these misconceptions so that 
they can build a correct understanding of the learning content. However, it should 
also be noted that a known issue with current AI is that it also runs the risk of gener-
ating false misinformation or reinforcing biases (Mermarian & Doleck, 2023).

Second, students highlight that AI should have an in-depth understanding of effec-
tive instructional approaches to guide students higher order thinking and learning 
in a specific subject (P3). In particular, students collaborate and interact with peers, 
instructors, and learning content through diverse learning activities such as discus-
sion forums, group projects, and peer reviews in the OCL setting, which challenges 
them to exchange different perspectives, critically evaluate each other’s arguments, 
and co-construct knowledge. Students expect AI to understand and implement effec-
tive instructional approaches to facilitate higher-order thinking and learning. For 
example, AI can provide tailored support for tasks such as analyzing case studies, 
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conducting research, and synthesizing information (e.g., Ruiz-Rojas et  al., 2024) 
that can also help students prepare for real-world challenges by offering resources 
and tools that simulate professional environments and scenarios (e.g., simulations or 
project-based assignments). This approach encourages students to engage in higher-
order thinking by applying knowledge to real-life situations. Also, it enhances their 
ability to critically engage with both the AI and the subject matter interdisciplinar-
ily, thereby supporting their overall learning and problem-solving skills.

Third, in line with educator expectations (Kim et al., 2022), students highlighted AI’s 
ability to explain learning content in ways that students can understand for a specific 
subject. They expect AI to provide clear, comprehensible explanations that are tailored 
to their individual learning needs and levels of understanding, which is particularly 
important in an OCL setting, where students may have varying degrees of familiarity 
with the subject matter. By providing explanations that resonate with each student’s 
unique learning style, AI can help bridge knowledge gaps and ensure that all students 
grasp the essential learning concepts and have a high level of knowledge retention from 
OCL setting. This helps students retain and apply knowledge more effectively, leading 
to a productive and meaningful collaboration with informed and insightful peer interac-
tions to group discussions, projects, and problem-solving tasks during OCL.

4.2.5 � Technological pedagogical knowledge (TPK)

Students recognize that it is crucial for AI to understand both its own benefits and limi-
tations. As well as those of other educational technologies, when applied to specific 
pedagogical approaches. As mentioned by P30 in Table 3, students highlighted different 
affordances and strengths of technologies. For instance, AI excels in providing real-time 
analytics and personalized recommendations, whereas immersive technology, such as vir-
tual reality and augmented reality, offers immersive and interactive experiences that can 
deepen conceptual understanding. By recognizing such differences, students expect that 
AI systems could fully leverage the strengths of these technologies (e.g., AI offering per-
sonalized feedback and adaptive learning paths based on individual student data) while 
being mindful of their limitations (e.g., AI lacking an understanding of nuanced human 
interactions or cultural contexts) to enhance learning experience and create a more com-
prehensive and engaging learning environment that meets diverse educational needs.

Next, students emphasize the need to develop support strategies to understand 
and assess the challenges and problems associated with AI during the learning pro-
cess. They shared that AI should be actively aware of both the intended and unin-
tended problems that it can cause for students’ learning and possess the knowledge 
to minimize these issues for meaningful collaboration and learning. For instance, P3 
in Table 3 denotes the two sides of AI’s direct feedback; while AI’s prompt feedback 
can provide immediate guidance and support, it may also inadvertently limit students’ 
opportunities to engage deeply with learning problems. If AI consistently offers solu-
tions or corrections, students might miss valuable chances to critically analyze their 
mistakes and develop problem-solving skills independently. This is in line with ques-
tions currently being asked by researchers about overreliance on AI may cause a 
reduction in higher order thinking skills and abilities as opposed to using AI to aug-
ment or enhance such skills (Dwivedi et al., 2023). In this regard, students emphasize 
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that AI should have robust supporting strategies (e.g., knowing what types of feedback 
to offer, when and how to give feedback to students) to ensure that potential limita-
tions and challenges of AI-supported learning and its unintended impacts are promptly 
and effectively managed so that students can fully benefit from opportunities of AI 
while minimizing its limitations in their learning process.

4.2.6 � Technological content knowledge (TCK)

Students emphasized the importance of AI’s ability to select and apply appropri-
ate technologies to enhance the understanding of subject-specific knowledge. This 
capability reflects a deep understanding of how available educational technologies, 
including AI itself, can supplement and transform interactions between students 
and content delivery. As noted in P25 in Table 3, students anticipate that AI’s pro-
ficiency in selecting and applying these technologies will significantly impact their 
ability to grasp and interact with specific content areas, thereby improving overall 
learning outcomes and fostering a more immersive educational experience. For 
example, AI can analyze students’ learning patterns and adapt content delivery to 
meet individual needs by providing personalized recommendations for additional 
resources or exercises based on each student’s performance and learning style, while 
integrating immersive technology such as interactive simulations, virtual labs, and 
multimedia presentations to create a more dynamic and engaging learning environ-
ment (e.g., Kerres & Buntins, 2020). This customization helps students engage more 
deeply with the material and address specific areas of difficulty.

4.2.7 � Technological pedagogical content knowledge (TPACK)

Students highlight the importance of AI’s ability to design lessons that appropriately 
combine subject matter, technologies, and pedagogical approaches tailored to learn-
ers. AI applications should leverage TPACK to integrate subject matter knowledge, 
technological tools, and pedagogical strategies to meet students’ diverse learning 
needs and preferences. In an OCL setting, AI should recommend and offer appropri-
ate types of content and interact with students using various interactive technologies 
based on their individual learning styles and pace (Kerres & Buntins, 2020). For 
example, AI can personalize lesson plans by suggesting multimedia resources, inter-
active simulations, or adaptive quizzes that align with each student’s preferred learn-
ing mode and current progress (Kim et al., 2022). By leveraging these technologies, 
AI can create a dynamic and responsive learning environment where instructional 
activities are adjusted in real-time to support diverse learning needs and enhance 
overall engagement (Zheng et  al., 2021). This tailored approach ensures that each 
student receives content and instruction suited to their unique learning preferences 
and pace (see P12 in Table 3). This knowledge involves recommending and offer-
ing appropriate types of content for each student and enabling individual interaction 
with those contents and instructional activities using various interactive technolo-
gies based on learners’ learning styles and pace during the class. Students expect to 
benefit from AI’s ability to recommend and provide access to a wide range of learn-
ing materials that are relevant to their specific needs.
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Along with that, students suggest that AI should recognize the unique strengths and 
weaknesses of both human teachers and AI tutors. Rather than working in isolation, 
AI should complement the skills and knowledge of human teachers to create a more 
effective and integrated learning experience. They emphasize the importance of design-
ing lessons that integrate teaching approaches, subject-matter knowledge, and technol-
ogy in ways that human teachers cannot achieve alone. For example, while AI excels 
in providing personalized feedback and managing large datasets, human teachers bring 
valuable interpersonal skills, contextual understanding, and nuanced pedagogical strat-
egies (Kim, 2023, 2024). For example, P26 in Table 3 expects AI to foster a collabora-
tive model that maximizes the benefits of both AI and human input, ensuring a well-
rounded and effective educational experience. This approach ensures a balanced and 
effective learning environment where both AI and human educators complement each 
other, thereby enhancing instructional delivery and student learning outcomes. Specifi-
cally, AI should design lessons that leverage human instructors’ strengths in facilitating 
discussions and providing motivational support, while focusing on delivering targeted 
content, real-time assessments, and interactive technology. By aligning these comple-
mentary strengths, AI can enhance the overall instructional approach, ensuring that 
both AI and human instructors contribute to meaningful learning outcomes.

5 � Discussion

The study findings from the RQ1 revealed that students articulated various types of 
AI to support multifaceted areas (e.g., cognition, metacognition, and motivation) and 
phases (e.g., forethought, performance, and reflection) of SSRL during OCL, and per-
ceived a range of benefits. Particularly, students viewed AI as more than a cognitive 
tool (e.g., interactive dashboard, knowledge graph) to function as knowledge represen-
tation and facilitate higher-order thinking when using it to represent content being stud-
ied or what they already knew about a subject (Jonassen, 1995), but also as an active 
learning agent such as AI companion, tutor, facilitator that have previously been only 
inhabited by humans (educators and students). These findings reflect previous research, 
which redirects our focus on using AI as a purely practical technological tool to also 
consider relational and affective interactions (Kim & Cho, 2023; Kim et  al., 2024; 
Latour & Venn, 2002). AI can influence our perspectives and what we know about the 
world, which, in turn, grants them a certain level of agency to modify our environment 
through these interactions. Then, attempting to frame AI use as a simple duality, such 
as machine versus tool or tool versus object, becomes ineffective when considering 
how to leverage AI for SSRL. Instead, it is necessary to acknowledge AI as an active 
participant within the learning environment, which was previously occupied by only 
human learners and educators. This acknowledgment will clear the way for develop-
ing the necessary understanding for designing the modern learning ecosystem and has 
led recent research to begin studying hybrid human-AI regulatory systems (Molenaar, 
2022; Kim et al., 2024; Jin et al., 2023). These systems transcend being an effective 
learning tool; instead, collaborating with instructors and peers to enhance and support 
students’ learning. As an extension to this perspective, this study argues that AIED 
instructional design should be anchored by the concept of human-AI collaboration and 
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interaction design in place of a tool-centric perspective. This will enable the creation of 
designs prioritizing effective AI usage to enhance student learning and performance. To 
be clear, this study does not argue that AI is not a tool—participating students in this 
research communicated that they believed AI could act as both a platform and a media-
tor for task materials, social resources, educators, and learners—however, AI should 
not be relegated to a single role when considering interactions with students (for exam-
ple, scenario 4 or 5 in Appendix A). Through these interactions with humans, AI con-
tinuously grows and learns. This ongoing exchange of information redefines the bound-
aries that previously informed the human relationship with technology tools. Further, 
these same exchanges directly influence how humans perceive and understand AI tools, 
mirroring the process of developing perceptions and understandings of fellow humans. 
This positions AI and the humans interacting with it in a distinctive role. Instead of 
merely serving as technology and tools, they are engaged in a unique relationship as co-
creators of knowledge. This is a dramatic shift that requires educators to embrace a new 
dynamic to integrate technology into their teaching.

Next, the findings reported for RQ2 indicate that a full understanding of the complex 
interactions among three bodies of knowledge (learning content, pedagogy, and technol-
ogy) is necessary for AI to support SSRL in OCL. AI is in a position to guide students 
by facilitating interactions among a student group to promote deep-level learning strate-
gies and on-task behaviors (Hadwin et al., 2017; Järvelä et al., 2016). These findings also 
demonstrate that it is important for AI to integrate and equally consider all three domains 
in a complementary fashion to weave together a foundation for the effective use of tech-
nology and teach concepts in a way that enhances student learning experiences. Hence, 
to support SSRL effectively through AI applications, it is crucial to design them while 
considering the relevant pedagogy, subject-matter knowledge, and the diverse range 
of available EdTech rather than just focusing on technical aspects (Mishra & Koehler, 
2006). This recommendation, however, then introduces the question of how specific a 
model used to support AIED should be. For example, SSRL scenario 3, a knowledge 
graph (Appendix A), would require the AI model to have domain-specific knowledge 
to identify student-level knowledge gaps and misconceptions accurately. While current 
AI tools and models are helping educators and learners solve an array of educational 
challenges, there are both benefits and drawbacks to AI being either too general or too 
specific. Broader AI models may not guide students to appropriate conclusions specific 
to their domain. However, developing very domain-specific AI solutions may run into 
issues such as limitations related to trying to leverage off-the-shelf AI models with lim-
ited flexibility leading to a potential need to create new models, barriers in obtaining 
or creating high-quality domain-specific data to train the model, and accessing experts 
to ensure the accuracy and appropriateness of outputs (Shalaby et al., 2019). Still, the 
benefits of domain-specific AI may outweigh the potential development cost and include 
reduced mistakes and the application of lessons learned to future projects, and increased 
learning gains by students (Banerjee et al., 2023; Barstow et al., 2017).

Thus far, research and development on AIED has largely been driven by computer 
scientists (Williamson & Eynon, 2020; Zawacki-Richter et  al., 2019). To effectively 
create domain-specific AI solutions or to integrate AI more generally into education 
in a manner that supports achievement of learning outcomes and SSRL, instructors, 
learners, and other education stakeholders must work collaboratively with developers to 
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inform the design. This is increasingly being prioritized and put into practice as instruc-
tors, learners, and the public increasingly recognize the value AI can add to educational 
experiences. Many are acting not only as users of AI technologies, but also as designers. 
To empower and inform their design input, instructors and students must build up their 
knowledge of AI so that they better understand how it can be used to support problem-
solving or to complete other educational activities so they can best apply it within their 
domain-specific context (Tammets & Ley, 2023). This foundational knowledge of AI 
will allow student- and instructor-designers to inform the appropriate integration points 
for relevant pedagogy to guide solution development. Meanwhile, other stakeholders, 
like governments and universities, can develop policies, procedures, and initiatives that 
enable the use of AIED ethically and transparently while encouraging its adoption and 
use and allocating appropriate resources to support capacity building (OECD, 2019).

6 � Conclusion

This study investigates student perceptions of AI applications in enhancing SSRL in 
OCL context. Our findings reveal that students consider AI tools such as simulators, 
exploratory learning environments, and interactive dashboards and apply them to sup-
port SSRL across the three learning phases (forethought, performance, and reflection) 
and three self-regulation areas (cognition, metacognition, motivation), enhancing collab-
orative knowledge construction, problem-solving, and feedback mechanisms. Further-
more, the study highlights seven key pedagogical elements across TPACK components 
deemed crucial by students for AI to support SSRL in OCL effectively. These elements 
encompass AI’s understanding of learning mechanisms, personalized learning strategies 
and assessment methods, classroom management techniques, subject matter expertise, 
and the ability to connect knowledge to social contexts. Additionally, students empha-
sized AI’s role in addressing misconceptions, guiding higher-order thinking, and select-
ing appropriate technologies tailored to learners’ needs. Educators and technology devel-
opers can leverage these insights to create AI applications that better align with students’ 
expectations and learning needs. They should also consider integrating AI into class-
room management strategies to create a supportive and conducive learning atmosphere.

However, it is important to acknowledge several limitations in this study. The 
sample size, though purposeful, was relatively small and may not fully represent the 
diverse perspectives of all students in online learning environments. Future studies 
with larger and more diverse samples could provide a more comprehensive under-
standing of student perceptions of AI in education. Additionally, while this study 
focused on student perceptions, further research exploring educators’ and admin-
istrators’ views on AI’s role in supporting SSRL could offer valuable insights into 
the feasibility and scalability of AI-enhanced learning environments. Finally, the 
data collected in this study relied heavily on self-reported perceptions and opinions 
of the participants. This approach is susceptible to self-reporting bias, where par-
ticipants may overestimate or underestimate certain aspects of their experiences or 
beliefs. To mitigate this limitation, future studies could incorporate objective meas-
ures, such as learning outcomes or behavioral data, to complement self-reported 
perceptions and provide a more balanced view of AI’s impact on SSRL.
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Appendix A

AI’s support for SSRL scenarios.

No Phase Area Scenario title Scenario summary Reference

1 Forethought Cognition AI question and quiz 
generator

AI generates 
pre-questions or 
quizzes that activate 
students’ prior 
content knowledge 
learned and frame 
the focus of interest 
and the boundaries 
of the problem to be 
solved by the team

Kim et al., 2024; Jin 
et al., 2023

2 AI planner and task 
scheduling

AI supports students in 
developing team task 
management strate-
gies by analyzing the 
group’s capabilities 
and suggesting 
action plans based 
on data drawn from 
previous courses

Jin et al., 2023; Kim 
et al., 2017

3 Metacognition Knowledge graph AI helps students 
identify any 
misconceptions in 
group discussions 
regarding the tasks

Zheng et al., 2023;
Aparicio et al., 2024; 

Zhen et al., 2021

4 Motivation AI companion AI interacts with 
students as a virtual 
peer to guide them 
in recognizing task 
value and promote 
interest in or enthu-
siasm for collabora-
tive problem-solving

Zhao et al., 2012; Sil-
vervarg et al., 2021; 
Kim & Cho, 2023

5 Performance Cognition AI simulator AI serves as a test bed, 
offering an authentic 
learning environ-
ment and experience 
to support real-
world applications 
of specific cognitive 
strategies to solve 
problems and facili-
tate decision-making 
with human-like 
interaction with 
real-time feedback 
during the collabora-
tive problem-solving 
process

Kim et al., 2022; 
Naveed Uddin, 2019
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No Phase Area Scenario title Scenario summary Reference

6 Metacognition Interactive dash-
board

AI allows students to 
explore, analyze, 
and interact with 
diverse datasets 
collected from the 
learning process 
(e.g., learning 
outcomes from 
quizzes, behavioral 
data from simula-
tion and so on) 
to monitor group 
efforts (e.g., each 
member’s task 
performance and 
process) toward 
the goals in real-
time

Gutiérrez-Braojos 
et al., 2023; Leng & 
Pawelka, 2020; Kim, 
2023

7 Motivation AI tutor AI celebrates the 
progress and 
achievement each 
student and group 
makes through-
out the learning 
journey and 
utilizes gamifica-
tion techniques 
like points, badges, 
and leaderboards, 
to keep students 
more engaged and 
motivated

Cheah, 2021; Labadze 
et al., 2023; Yin 
et al., 2021

8 Reflection Cognition Learning analytics AI analyzes the data 
accumulated from 
the interaction 
with students and 
provides indi-
vidual and group 
evidence that 
allows students to 
review each phase 
of teamwork (e.g., 
identifying the 
skills related to the 
teamwork of group 
members during 
its execution, giv-
ing feedback about 
their strengths and 
shortcomings) and 
performance

Iandoli et al., 2014; 
Fidalgo-Blanco 
et al., 2015; Lim 
et al., 2020
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No Phase Area Scenario title Scenario summary Reference

9 Metacognition AI reflection AI provides prompts 
to encourage 
deeper reflection 
on the learning 
experience, allow-
ing them to identify 
areas for further 
improvement and 
analyze reflections 
to identify themes 
and insights for 
further discussion

Karaoglan Yilmaz, 
2022; Lim et al., 
2020; Smith, 2020

Examples of storyboard and paper prototype

Storyboard example 1:
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Storyboard example 2:
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Paper Prototype example 1:
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