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Supporting Global Teamwork through AI-Mediated Collaboration 

Introduction 

Collaborative problem-solving has become an essential educational outcome, preparing students 

to tackle ill-structured, interdisciplinary challenges [1]. Yet teamwork in classrooms often proves 

uneven: some voices dominate while others are marginalized, leading to conflicts and 

miscommunication [2]. While these difficulties appear interpersonal on the surface, they are 

often rooted in a deeper challenge, such as students’ limited metacognitive capacity to recognize, 

monitor, and regulate their collaborative behaviors [3]. Learners may not notice how their 

assumptions shape interaction, or may fail to evaluate whether chosen approaches are effective 

for the group. Traditionally, instructors and mentors have played the role of scaffolding students’ 

metacognition during group projects, encouraging reflection and guiding regulation [4]. 

However, in large and diverse classrooms, the availability of personalized mentoring is limited; 

therefore, digital technologies provide a potential bridge to foster metacognition among learners 

[5], [6], [7]. 

Recent work in AI-enhanced learning has demonstrated how AI can fundamentally reshape 

collaborative learning by personalizing learning pathways, strengthening interaction quality, and 

supporting real-time group processes. Kok et al. [8] highlight that AI technologies can tailor 

learning experiences, offer dynamic feedback, and enrich peer communication within 

collaborative settings. A systematic review by Tan, Lee, and Lee [9] similarly shows that AI 

tools elevate collaborative learning by improving interaction quality, delivering immediate 

feedback, and adapting support to the evolving needs of learners. These developments align with 

broader findings in Computer-Supported Collaborative Learning, where digital tools are 

increasingly recognized for their ability to facilitate rich, interactive learning environments [10]. 

Emerging models of student-AI collaboration also illustrate how AI can participate more actively 

in learning by mediating communication, offering insights, and helping guide group reasoning 

[11]. At the same time, perspectives from distributed cognition remind us that learning unfolds 

across people, tools, and environments [12], emphasizing the importance of AI systems that 

engage meaningfully within group interactions rather than functioning solely as analytical back-

end processors [8]. Yet most current systems still remain largely invisible to learners, offering 

cognitive scaffolds but limited support for the socioemotional and metacognitive dimensions of 

collaboration that are essential for shared regulation and productive teamwork. These gaps 

highlight a need for AI systems that move beyond assessment or automated hints toward more 

participatory roles prompting reflection, encouraging real-time regulation, and helping teams 

monitor how their interactions shape outcomes. EMPA, a collaborative AI mentor, is designed in 

response to this evolving landscape. This approach aligns with ABET Student Outcome 5, 

emphasizing students’ capacity to collaborate in teams that practice effective leadership, 

cultivate an inclusive atmosphere, and define collective goals. 

With this background, our guiding research question is: 

How can an AI collaborative partner mediate students’ metacognitive processes to support 

teamwork learning? 



By addressing this question, we aim to contribute to the computer-supported collaborative 

learning (CSCL) community by demonstrating how AI can serve not only as a reflective prompt, 

but as a partner that strengthens students’ learning-to-learn capacities in collaborative contexts. 

Theoretical Grounding: Metacognition and AI-Supported Learning 

Metacognition is commonly defined as “thinking about one’s thinking” and encompasses both 

knowledge and regulation of cognitive processes [13]. Metacognitive knowledge refers to 

awareness of strategies, tasks, and personal assumptions that shape learning [6]. Metacognitive 

regulation involves monitoring progress, making adjustments, and evaluating outcomes in the 

midst of activity. Together, these processes allow learners to adapt effectively when facing 

complex and uncertain tasks. Teamwork provides a fertile but demanding context for 

metacognition. Collaborative projects introduce unpredictability in communication, coordination, 

and cultural expectations. Learners who can recognize how group dynamics are unfolding 

(monitoring), evaluate the effectiveness of their strategies (evaluating), and shift approaches 

when necessary (regulation) are better positioned to contribute productively. However, these 

skills rarely emerge without explicit scaffolding. Prior research demonstrates that guided 

reflection and structured prompts can enhance metacognitive engagement in collaborative 

settings, but scaling such supports remains difficult for instructors managing large cohorts [4], 

[6]. EMPA addresses this challenge by embedding metacognitive scaffolding directly into the 

learning process. Building on Schön’s [14] concepts of reflection-in-action and reflection-on-

action, EMPA extends reflection into the broader cycle of metacognitive regulation. Reflection-

in-action aligns with monitoring and adjustment during activities, while reflection-on-action 

aligns with evaluating and consolidating learning afterward. By situating reflection within 

metacognition, EMPA reframes teamwork learning as not only a matter of collaboration but also 

of cultivating adaptive, self-regulated learners. 

System Architecture: Scaffolding Metacognition with EMPA 

1. AI Foundation 

Figure 1 showcases the system architecture of EMPA. At the core of EMPA is a fine-tuned large 

language model (LLaMA-3 3B Instruct) adapted using QLoRA methods to balance memory 

efficiency with quality of feedback [15]. LoRA adapters were trained on structured records 

where synthetic student inputs were paired with model-authored scaffolds, focusing on two 

outcomes: 

• Metacognitive knowledge scaffolding - prompting learners to articulate assumptions, 

identify cultural perspectives, and connect concepts to teamwork dilemmas. 

• Metacognitive regulation scaffolding - nudging learners to monitor group dynamics, 

adjust strategies during interaction, and evaluate the effectiveness of decisions. 

The model was trained to generate only the scaffolding portions of dialogue, ensuring EMPA 

consistently acted as a metacognitive mentor rather than reproducing student input. 



 

Figure 1: System Architecture and Metacognitive Cycle for EMPA 

2. Learner Interface 

The student experience is delivered through a modular, browser-based platform (React frontend, 

FastAPI backend, Supabase database). Six sequential modules guide learners through 

progressively complex teamwork challenges: 

1. Recognizing assumptions in collaboration 

2. Meeting EMPA as a partner 

3. Monitoring group interactions 

4. Understanding cultural perspectives 

5. Regulating through empathy and strategy shifts 

6. Evaluating collaboration and transferring lessons 

Each module integrates case scenarios, video-based dilemmas, reflective prompts, and 

interactive quizzes. The chatbot sidebar (see Figure 2) functions as a space where EMPA 

engages learners in dialogue, alternating between scaffolding knowledge (“What assumptions 

might be influencing this teammate’s behavior?”) and regulation (“What adjustments could you 

make in the moment to include this perspective?”). 



  

Figure 2: Welcome Page and EMPA interface 

3. Backend and Data Management 

The backend manages user profiles, conversation logs, and progress tracking. Each chat begins 

with a system persona prompt defining EMPA as a collaborative mentor for metacognition, not 

just a generic chatbot. Learner logs are preserved to allow EMPA to build on prior insights, 

reinforcing evaluation and transfer across modules. 

Methods 

Participants and Context 

The participants in this study were six undergraduate teaching assistants (UGTAs) supporting a 

large-enrollment cybersecurity course at a major U.S. research university. The course enrolls 

approximately 200 undergraduate students each semester and is taught in a project-based, team-

oriented format where collaboration, peer coordination, and iterative problem-solving are central 

to the learning experience. Because teamwork is an integral part of the course structure, UGTAs 

play a critical instructional role as they facilitate team activities during labs, supporting conflict 

resolution, guiding students through project milestones, and modeling effective communication 

practices. 

All six UGTAs completed the full sequence of learning activities with EMPA, the AI Mentor 

used in this study. These participants represented diverse disciplinary backgrounds within 

computing and engineering, and all had prior experience working with student teams in 

technical, high-stakes learning environments. Their participation provided a unique window into 



how individuals with advanced content expertise but varied pedagogical preparation engage in 

metacognitive reflection when interacting with AI-mediated guidance. The EMPA interaction 

tasks mirrored the kinds of teamwork and intercultural scenarios UGTAs routinely encounter in 

the cybersecurity course, making their reflections particularly relevant to understanding 

metacognitive processes in authentic instructional settings. 

Data Collection: 

The data was collected through recorded interactions between the participant and the AI Mentor, 

EMPA. Each interaction captured both the participant’s written responses and the EMPA’s 

feedback during the learning activities. These exchanges served as the primary data source, 

reflecting participants’ thought processes, reflection depth, and engagement with intercultural 

and teamwork-related prompts. Additional metadata, such as timestamps and activity identifiers, 

were also collected to contextualize the sequence and duration of interactions 

Data Analysis: The data was analyzed qualitatively using a deductive thematic analysis 

approach, guided by established frameworks of metacognitive knowledge and metacognitive 

regulation [13]. The analysis aimed to identify how participants demonstrated awareness and 

control of their cognitive processes while engaging with the AI Mentor. Each interaction 

transcript between the participant and the AI Mentor was carefully reviewed to locate instances 

of metacognitive engagement, specifically behaviors and reflections that indicated planning 

(setting goals, anticipating challenges), monitoring (tracking understanding or progress), and 

evaluating (assessing outcomes or strategies). These predefined categories provided a structured 

lens for coding and interpretation. Thematic coding was carried out in multiple rounds to ensure 

reliability and depth. During the first cycle, excerpts were coded according to the metacognitive 

framework, highlighting moments where participants articulated self-awareness or adjusted 

strategies in response to the AI Mentor’s prompts. In the second cycle, patterns were refined to 

reveal how participants transferred or adapted these skills across tasks and contexts. The analysis 

emphasized both the process (how learners engaged in reflective regulation) and the content 

(what aspects of their cognition they became aware of), offering insights into the development of 

metacognitive thinking during AI-mediated learning. 

Trustworthiness and Rigor 

To ensure the credibility and rigor of the qualitative analysis, several strategies were employed. 

Interrater reliability was conducted, with multiple researchers reviewing a subset of transcripts to 

confirm consistency in the application of codes and interpretation of themes. Furthermore, 

reflexive memos were used to capture the researchers’ evolving assumptions and positionalities, 

ensuring transparency in the interpretive process. Together, these strategies strengthened the 

trustworthiness of the findings and reinforced confidence in the conclusions drawn about 

participants’ metacognitive engagement during AI-mediated interactions. 

Results 

The pilot implementation highlighted how EMPA mediated both metacognitive knowledge and 

metacognitive regulation within teamwork contexts. The analysis of student interactions revealed 

three broad areas: (1) scaffolding knowledge about cultural and interpersonal assumptions, (2) 

supporting regulation of teamwork strategies through monitoring, adjustment, and evaluation, 



and (3) functioning as a co-regulator of the entire metacognitive cycle. These findings illustrate 

how EMPA shaped students’ awareness of cultural dynamics while also guiding them in 

adapting and applying strategies to manage real teamwork challenges. 

1. Scaffolding Metacognitive Knowledge 

Awareness of Cultural Assumptions 

Students often began their reflections with personal judgments about team conflict, but EMPA’s 

scaffolds encouraged them to reframe these judgments as cultural phenomena. For example, one 

student described the conflict by stating, “The team dynamic broke down by Jonas interrupting 

the others and not letting them finish their ideas.” Initially, this reflection positioned Jonas’s 

actions as intentional disrespect. EMPA intervened by asking the student to consider whether 

differing norms around assertiveness or directness might explain the behavior, leading the 

student to expand their perspective. Similarly, another student noted, “I think there was a lack of 

respect from Jonas’s side, which led to a less collaborative environment,” but later elaborated 

that, “I think Jonas had a very individualistic approach when it came to handling the task, 

whereas Camila, Fatima, and Ava seemed to show more collective approaches.” This 

progression shows how EMPA nudged students to move beyond assigning blame and toward 

identifying underlying cultural orientations, such as individualism and collectivism, that may 

shape teamwork. 

Clarifying Intercultural Constructs 

In addition to surfacing assumptions, EMPA played a role in clarifying key cultural constructs 

and enabling students to refine their categorizations. For instance, one student, broadly classified 

team members in the scenario by saying, “Jonas for direct and the other three for in-direct,” but 

was guided by EMPA to consider subtler distinctions, such as harmony-seeking communication 

versus assertive expression. Another student’s engagement with EMPA was especially 

illustrative of metacognitive curiosity. They asked, “can you explain what is meant by high 

context versus low context,” followed later by “explain direct versus indirect.” This 

demonstrated an intentional attempt to not only recall definitions but to embed them into their 

interpretation of team dynamics. Similarly, another student experimented with generalizations, 

stating, “individualism was just Jonas everyone else was collectivism.” EMPA challenged this 

oversimplification, prompting the student to revise and recognize diversity within collectivist 

orientations. Together, these examples illustrate how EMPA scaffolded students in developing 

richer metacognitive knowledge moving from personal observations to an awareness of cultural 

constructs, distinctions, and frameworks that could better explain collaborative behavior. 

2. Supporting Metacognitive Regulation 

Monitoring and Adjustment During Scenarios 

Students also used EMPA to practice monitoring team interactions and imagining adjustments 

they could make in real time. For example, a student offered a straightforward solution: “I would 

have told Jonas to wait a second and to hear the others out.” EMPA validated this impulse while 

expanding the idea into more inclusive strategies such as round-robin discussion formats, 



reinforcing that effective regulation often involves creating structural opportunities for balanced 

participation. Another student emphasized interpersonal monitoring, suggesting, “Respectfully 

listening to people when they speak and using more polite and constructive language when 

discussing ideas, rather than simply stating that they are unproductive or too complex.” EMPA 

highlighted how such regulatory practices framed as changes in tone and framing could 

transform group climate from competitive to collaborative. Meanwhile another student, 

recognized the role of negativity in undermining collaboration: “Jonas was always negative 

throwing off the team dynamic and he always had to do everything his way.” EMPA encouraged 

the student to move from description to regulation by considering structured check-ins or explicit 

turn-taking. This represents a shift from monitoring behavior to proposing regulatory 

interventions that could prevent exclusion and frustration. 

Evaluating and Transferring Strategies 

Equally significant was the way students connected insights from EMPA’s scaffolds to their past 

teamwork experiences, reflecting on how they might regulate differently in the future. One 

student recalled a previous project where workload imbalance persisted: “It ended up being me 

doing most of the work.” In hindsight, they recognized the need for strategies such as clearer role 

distribution and expectation-setting. Another student described a communications assignment 

where reliance on AI tools by a group member created tension: “One of my groupmates did not 

want to put in effort for the final presentation… I ended up designing most of our presentation.” 

This experience became a basis for the student to consider regulatory strategies such as 

consulting with instructors or setting explicit ground rules for group participation. Similarly, 

another student offered a similar perspective on project imbalance: “The issue was he didn’t do 

his work. I thought he should do more work, he did too but he was busy. Resolution is I did all of 

the work myself and passed my individual check off grade.” This led the student to identify 

preventive strategies for the future: “If a similar conflict arises I would communicate with him 

clearly the project deadline and expected work from each of us because I can’t be thrown under 

the bus.” These examples show that students did not treat EMPA interactions as isolated 

exercises; instead, they drew connections to lived experiences and articulated strategies for 

regulating collaboration in future contexts. 

Discussion 

This study examined how EMPA, an AI-based collaborative partner, mediated students’ 

metacognitive engagement in teamwork learning. Rather than serving as a passive feedback 

system, EMPA prompted students to surface cultural assumptions, clarify intercultural 

constructs, monitor and adjust their collaboration strategies, and evaluate past teamwork 

experiences with a view to transferring lessons to future contexts. The findings illuminate how 

AI can be situated as a co-regulator of metacognition, operating alongside learners to scaffold 

both awareness and regulation. In this section, we discuss the implications of these findings 

across four domains: (1) extending mentoring for metacognition through AI, (2) integrating 

cultural awareness into self-regulated learning, (3) conceptualizing AI as a co-regulator of 

collaboration, and (4) implications for CSCL design and teamwork education. 



AI as an Extension of Mentoring for Metacognition 

Mentoring has long been recognized as essential for developing students’ reflective and 

regulatory capacities in teamwork [10]. Instructors often encourage learners to pause, analyze 

dynamics, and adopt strategies that enhance inclusivity and collaboration. Yet in large 

classrooms, individualized mentoring is difficult to scale. Students who struggle with 

communication breakdowns or inequitable contributions may not receive the timely scaffolds 

needed to regulate effectively. EMPA addresses this limitation by embedding metacognitive 

scaffolds within the flow of student learning. The system provided just-in-time prompts that 

validated learners’ initial insights and extended them toward regulatory strategies [8], [9]. For 

example, when a student suggested asking a dominant peer to pause and listen, EMPA reinforced 

this instinct but elaborated with structural techniques such as round-robin participation. This 

dialogic expansion exemplifies how AI can act as an always-available mentor, encouraging 

deeper monitoring and adjustment than students might achieve on their own. What distinguishes 

EMPA from traditional reflection prompts or survey-based feedback is its dialogic nature. By 

engaging in conversational scaffolding, EMPA models the kinds of probing questions, 

clarifications, and strategic suggestions that a human mentor might offer [11]. In doing so, it 

transforms mentoring from a scarce resource into a more scalable practice, extending 

opportunities for students to rehearse reflective and regulatory skills. Importantly, the findings 

also suggest that students responded to EMPA’s prompts not as impersonal instructions but as 

interactive invitations to think differently [12]. This indicates the potential for AI to humanize 

mentoring processes when carefully designed to foreground empathy and constructive dialogue. 

Integrating Cultural Awareness into Self-Regulated Learning 

A distinctive contribution of this work lies in EMPA’s integration of intercultural frameworks 

within the metacognitive cycle. Much of the self-regulated learning (SRL) literature emphasizes 

individual monitoring, strategy use, and evaluation. Yet in team contexts, regulation cannot be 

separated from cross-cultural aspect. Communication breakdowns, unequal participation, and 

conflicting work orientations often stem from divergent cultural norms [16], [17] rather than 

deficiencies in motivation or skill. By prompting students to consider cultural constructs such as 

individualism versus collectivism or direct versus indirect communication, EMPA guided them 

to reframe conflict from interpersonal failings to culturally situated differences. For example, 

students who initially viewed assertive teammates as “disrespectful” came to recognize that 

directness can be a valued style in some contexts. Similarly, the clarification of time orientations 

enabled learners to see how prioritizing deadlines versus relationship-building reflected differing 

but legitimate approaches to collaboration. This integration expands the scope of SRL research 

by positioning metacognitive knowledge not only as awareness of strategies or tasks, but also as 

awareness of cultural assumptions that shape team dynamics [18]. Learners who can identify 

these cultural factors are better positioned to regulate effectively, because they can select 

strategies that are sensitive to both interpersonal and cultural dimensions of collaboration [19], 

[20]. Thus, EMPA illustrates how AI can bridge SRL with intercultural competence 

development, aligning with calls in higher education for students to be prepared for global, 

diverse workplaces. 



AI as a Co-Regulator of Collaborative Learning 

The concept of co-regulation is typically used to describe the ways peers, instructors, or mentors 

share responsibility for supporting metacognition in collaborative settings. This study extends the 

concept to include AI as a legitimate co-regulator. EMPA did not simply deliver content or 

evaluate correctness; it participated actively in learners’ reflective cycles. By responding to 

student reflections with scaffolds that prompted monitoring, adjustment, or evaluation, EMPA 

co-constructed strategies with the learner. For example, when a student described a peer’s 

negativity, EMPA did not stop at agreement but suggested structural tools such as regular check-

ins. When another student recalled carrying the workload in past projects, EMPA prompted 

consideration of future strategies like role clarification and explicit deadlines. In these 

exchanges, EMPA modeled regulatory practices that learners could internalize and transfer, 

embodying the principles of co-regulation. This reconceptualization of AI as a co-regulator has 

important theoretical implications. It challenges binary views of regulation as either self-directed 

or externally imposed, suggesting instead that AI can occupy a middle space where regulation is 

shared, scaffolded, and gradually internalized by learners. Moreover, the study shows that AI-

mediated co-regulation is not limited to cognitive strategies but can extend to socio-emotional 

and cultural dimensions of collaboration, an area often under-supported in team-based learning. 

Implications for CSCL and Teamwork Education 

For the CSCL community, the findings offer several design insights. First, AI systems for 

collaboration should be framed not as evaluators but as dialogic partners that sustain reflective 

and regulatory practices. EMPA’s conversational scaffolds exemplify how AI can encourage 

learners to articulate their reasoning, reconsider assumptions, and adopt inclusive strategies. 

Second, the integration of cultural constructs suggests that effective AI for teamwork must 

account for the socio-cultural as well as cognitive dimensions of collaboration. This requires 

moving beyond generic prompts toward context-sensitive scaffolds that foreground diversity and 

inclusion. 

For educators, the study provides a potential pathway to scale mentoring in teamwork-intensive 

courses. Embedding AI partners like EMPA could normalize metacognitive reflection, giving all 

students access to guidance that might otherwise be limited to a few. Importantly, this does not 

imply replacing human mentorship. Rather, it suggests a blended model where instructors 

provide depth and relational insight, while AI ensures breadth and consistency of support. Such 

an approach could be especially valuable in courses where teamwork is frequent but mentoring 

capacity is constrained, such as large project-based or interdisciplinary classes. 

Conclusion 

This study positions EMPA as an AI-mediated co-regulator of metacognition in teamwork 

learning. By scaffolding awareness of cultural assumptions, prompting monitoring and 

adjustment during scenarios, and supporting evaluation and transfer to lived experiences, EMPA 

demonstrated the potential of AI to extend mentoring capacity and foster adaptive collaboration 

skills. Rather than framing reflection as an individual responsibility, EMPA enabled 

metacognition to become a shared process, co-constructed between human and AI. For educators 



and researchers, the findings highlight both opportunity and responsibility. AI systems like 

EMPA can make reflective and regulatory practices more accessible, but they must be designed 

with care to respect learner agency, cultural diversity, and the complex realities of collaboration. 

For the CSCL field, this work suggests a broader vision: AI not only as a tool for delivering 

content or analyzing interactions, but as an active partner in cultivating the metacognitive and 

intercultural competencies essential for 21st-century teamwork. 

Limitations and Future Directions 

As a small-scale pilot, this study necessarily has limitations. Only six students were involved, 

and interactions were confined to controlled scenarios rather than integrated into ongoing 

coursework. While the findings illustrate EMPA’s potential, they cannot be generalized without 

further study. Future research should expand to larger and more diverse cohorts, examining how 

AI-mediated metacognition unfolds across disciplines, class sizes, and cultural contexts. Another 

limitation lies in the interpretive role of EMPA’s prompts. While students generally accepted and 

extended EMPA’s feedback, some may view AI interventions as intrusive or overly directive. 

Exploring students’ perceptions of agency and trust in AI co-regulators is therefore critical. 

Additionally, future work should investigate how AI scaffolds interact with peer dynamics 

whether students adopt AI-suggested strategies collaboratively, resist them, or adapt them to fit 

group norms. Finally, the technical design of EMPA raises questions for future refinement. The 

balance between personalized scaffolding and cultural sensitivity is delicate; prompts must avoid 

stereotyping while still encouraging learners to consider cultural perspectives. Iterative testing, 

co-design with students, and alignment with intercultural pedagogy will be necessary to ensure 

the system’s continued relevance and inclusivity. 

Acknowledgement: This work was supported by the Innovation Hub under grant number IH-AI-

24012. We gratefully acknowledge their support in enabling the development of EMPA. 
  

 

References 

[1] E. Dringenberg and Ş. Purzer, “Experiences of First-Year Engineering Students Working on 

Ill-Structured Problems in Teams,” J. Eng. Educ., vol. 107, no. 3, pp. 442–467, 2018, doi: 

10.1002/jee.20220. 

[2] A. D. Patterson, “Equity in groupwork: the social process of creating justice in a science 

classroom,” Cult. Stud. Sci. Educ., vol. 14, no. 2, pp. 361–381, June 2019, doi: 

10.1007/s11422-019-09918-x. 

[3] C.-T. Chao et al., “The role of team dynamics and team acquaintance in group metacognition 

during medical students’ collaborative learning,” BMC Med. Educ., vol. 25, no. 1, p. 946, 

July 2025, doi: 10.1186/s12909-025-07522-y. 

[4] J. Jia, N. E. Ghazali, E. S. L. Ming, and M. M. Addi, “The Impact of Scaffolding on the 

Development of Metacognitive Skills in Project-Based Engineering Learning,” Asean J. 

Eng. Educ., vol. 9, no. 1, pp. 1–10, June 2025, doi: 10.11113/ajee2025.9n1.177. 

[5] A. Drigas, G. Papanastasiou, and C. Skianis, “The school of the future: The role of digital 

technologies, metacognition and emotional intelligence,” Int. J. Emerg. Technol. Learn. 

Online, vol. 18, no. 9, p. 65, 2023, Accessed: Nov. 18, 2025. [Online]. Available: 

https://search.proquest.com/openview/938474b6fe2e8b5066ccdffd509011af/1?pq-

origsite=gscholar&cbl=5452619&casa_token=p03G0zFI2NsAAAAA:PvSm-



pd4HtkNrTvtZSc50s6pUsKAPrQgNeGKkgT7iCqrs2RGq_FZvfhMOQRAzl7nsL-

WQ1Ax2Q 

[6] R. Azevedo and V. Aleven, Eds., International Handbook of Metacognition and Learning 

Technologies, vol. 28. in Springer International Handbooks of Education, vol. 28. New 

York, NY: Springer New York, 2013. doi: 10.1007/978-1-4419-5546-3. 

[7] T. Kantathanawat, N. Thongsomnuek, M. Charoentham, and P. Pimdee, “Enhancing Digital-

Age Metacognition: A Framework for Cognitive Innovation in Thai Secondary Education.,” 

Educ. Process Int. J., vol. 14, p. e2025009, 2025, Accessed: Nov. 18, 2025. [Online]. 

Available: https://www.ceeol.com/search/article-detail?id=1338451 

[8] C. L. Kok, C. K. Ho, Y. Y. Koh, N. T. C. Thanh, and T. H. Teo, “Collaborative Learning 

Environments Facilitated by AI Technologies,” in TENCON 2024-2024 IEEE Region 10 

Conference (TENCON), IEEE, 2024, pp. 1841–1844. Accessed: Nov. 18, 2025. [Online]. 

Available: 

https://ieeexplore.ieee.org/abstract/document/10902974/?casa_token=lH7rLBAoXEwAAA

AA:jo86uR7xw_fiedWsxIEjBUVCo6t5a6qs7nwWop6LIiGldQy0rclqu_6evtHN4wX3WQf

63LGZ 

[9] S. C. Tan, A. V. Y. Lee, and M. Lee, “A systematic review of artificial intelligence 

techniques for collaborative learning over the past two decades,” Comput. Educ. Artif. 

Intell., vol. 3, p. 100097, 2022, Accessed: Nov. 18, 2025. [Online]. Available: 

https://www.sciencedirect.com/science/article/pii/S2666920X22000522 

[10] S. Ludvigsen and R. Steier, “Reflections and looking ahead for CSCL: digital 

infrastructures, digital tools, and collaborative learning,” Int. J. Comput.-Support. Collab. 

Learn., vol. 14, no. 4, pp. 415–423, Dec. 2019, doi: 10.1007/s11412-019-09312-3. 

[11] J. Kim, H. Lee, and Y. H. Cho, “Learning design to support student-AI collaboration: 

perspectives of leading teachers for AI in education,” Educ. Inf. Technol., vol. 27, no. 5, pp. 

6069–6104, June 2022, doi: 10.1007/s10639-021-10831-6. 

[12] J. Hollan, E. Hutchins, and D. Kirsh, “Distributed cognition: toward a new foundation for 

human-computer interaction research,” ACM Trans. Comput.-Hum. Interact., vol. 7, no. 2, 

pp. 174–196, June 2000, doi: 10.1145/353485.353487. 

[13] J. H. Flavell, “Metacognition and cognitive monitoring: A new area of cognitive–

developmental inquiry.,” Am. Psychol., vol. 34, no. 10, p. 906, 1979. 

[14] D. Schon, “The Reflective Practitioner 2nd edn Jossey Bass,” San Franc., 1991. 

[15] Ashish, A. Jaiswal, S. Vhaduri, N. Nerella, and S. Jha, “Empa: An AI-Powered Virtual 

Mentor for Developing Global Collaboration Skills in HPC Education,” Nov. 21, 2025, 

arXiv: arXiv:2511.17669. doi: 10.48550/arXiv.2511.17669. 

[16] O. B. Ayoko, C. E. Härtel, and V. J. Callan, “Resolving the puzzle of productive and 

destructive conflict in culturally heterogeneous workgroups: A communication 

accommodation theory approach,” Int. J. Confl. Manag., vol. 13, no. 2, pp. 165–195, 2002, 

Accessed: Nov. 18, 2025. [Online]. Available: 

https://www.emerald.com/insight/content/doi/10.1108/eb022873/full/html 

[17] S. Ting-Toomey and T. Dorjee, Communicating across cultures. Guilford Publications, 

2018. Accessed: Nov. 18, 2025. [Online]. Available: 

https://books.google.com/books?hl=en&lr=&id=ysRUDwAAQBAJ&oi=fnd&pg=PP1&dq

=Communication+breakdowns,+unequal+participation,+and+conflicting+work+orientation

s+often+stem+from+divergent+cultural+norms+&ots=wcB6rSJtZV&sig=Tzlnqi7-

F1L1qeHpYbO5htmj6Fo 



[18] S. Mor, M. W. Morris, and J. Joh, “Identifying and Training Adaptive Cross-Cultural 

Management Skills: The Crucial Role of Cultural Metacognition,” Acad. Manag. Learn. 

Educ., vol. 12, no. 3, pp. 453–475, Sept. 2013, doi: 10.5465/amle.2012.0202. 

[19] P. Bahrami, Y. Kim, A. Jaiswal, D. Patel, S. Aggrawal, and A. J. Magana, “Information 

Technology Undergraduate Students’ Intercultural Value Orientations and Their Beliefs 

about the Influence of Such Orientations on Teamwork Interactions,” Trends High. Educ., 

vol. 2, no. 2, pp. 270–282, 2023. 

[20] A. Jaiswal, T. Karabiyik, L. Jin, and K. Acheson-Clair, “Enhancing Team Communication 

Skills via Portable Intercultural Module in a Systems Thinking Class,” in 2023 ASEE 

Annual Conference & Exposition, 2023. 

 


	Introduction
	Theoretical Grounding: Metacognition and AI-Supported Learning
	System Architecture: Scaffolding Metacognition with EMPA
	1. AI Foundation
	2. Learner Interface
	3. Backend and Data Management
	Participants and Context

	Results
	1. Scaffolding Metacognitive Knowledge
	Awareness of Cultural Assumptions
	Clarifying Intercultural Constructs

	2. Supporting Metacognitive Regulation
	Monitoring and Adjustment During Scenarios
	Evaluating and Transferring Strategies


	Discussion
	AI as an Extension of Mentoring for Metacognition
	Integrating Cultural Awareness into Self-Regulated Learning
	AI as a Co-Regulator of Collaborative Learning
	Implications for CSCL and Teamwork Education
	Conclusion
	Limitations and Future Directions


