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ABSTRACT

Objectives: This study aimed to investigate faculty perceptions of the importance of and
need for Al-based team collaboration support functions in project-based courses and
Capstone Design, compare these perceptions between the humanities and social sciences
and science and engineering disciplines, and propose Al-based team collaboration strategies
that reflect both common and discipline-specific needs. Methods: A survey was conducted
with 65 faculty members from 16 universities who had experience teaching project-based
courses or Capstone Design. The questionnaire measured perceptions of Al-based team
collaboration support functions and the need for Al-based collaboration design strategies.
Data were analyzed using descriptive statistics, Welch's t-tests, and Importance-Need Analysis
to examine disciplinary differences. Results: The findings indicate that faculty members
perceive generative Al not merely as a content generation tool but as an educational partner
that supports collaboration throughout the project process. The Importance-Need Analysis
identified information search and report writing, problem definition and idea generation,
and performance management and learning analytics as priority development areas, whereas
team discussion and conflict management was classified as a potential improvement area.
Science and engineering faculty assigned significantly higher importance to Al-assisted code
generation and debugging than did humanities and social sciences faculty. Faculty members
from both disciplinary groups also expressed strong needs for Al-supported feedback,
learning analytics and diagnostic support, and project coaching. Conclusions: This study
identifies priorities for Al-based team collaboration support and provides preliminary
design directions for integrating generative Al into collaborative instructional design in
higher education. The findings suggest that common core Al support functions should
be prioritized, with selected functions strengthened according to disciplinary characteristics.

Keywords: Al-supported team collaboration, Capstone design, Generative Al,
Importance-need analysis, Project-based learning

retrieval tool into an intelligent educational partner that
facilitates information search, idea generation, content crea-

Since the release of ChatGPT in 2022, followed by the
emergence of generative artificial intelligence (AI) tools
such as Gemini, Claude, and Perplexity, higher education
has entered a new phase of educational transformation [1,2].
Generative Al has evolved from a conventional information

tion, programming, and problem-solving. Consequently,
it has attracted considerable attention as a core technology
that enhances both instructors' instructional design and
students' self-directed learning through Al-assisted educa-
tional support [3,4].
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Generative Al has also demonstrated considerable poten-
tial for student-centered instructional approaches, including
Project-Based Learning (PBL), Problem-Based Learning,
and Capstone Design courses [5,6]. Previous studies have
reported that generative Al enhances problem-solving
ability, academic achievement, self-efficacy, creativity, pro-
gramming competence, and project performance [7-11].
In engineering education, Al-supported project learning
has also been shown to improve students' problem-solving
abilities and interdisciplinary competencies by enabling
them to experience the entire project process, from prob-
lem definition and system design to implementation and
evaluation [12].

Despite these educational benefits, the current use of
generative Al in higher education remains largely focused
on supporting individual learning activities, such as in-
formation retrieval, report writing, presentation prepara-
tion, and programming. Relatively little attention has been
paid to Al-supported instructional strategies that facilitate
team-based collaborative learning throughout the project
process, including team formation, role assignment, collab-
oration management, project coaching, collaboration mon-
itoring, learning analytics, and performance assessment.

Recent studies suggest that generative Al can support
collaborative learning by facilitating idea generation, in-
tegrating diverse opinions, co-authoring documents, sup-
porting discussions, and providing feedback. Furthermore,
Al has the potential to function as an active team member
that participates in collaborative learning rather than mere-
ly serving as an assistive tool [13-17]. Previous research
has similarly reported that generative Al can support brain-
storming, idea integration, collaborative writing, and team
discussions during group-based learning activities [13-17].

Collaborative learning is a representative learner-cen-
tered instructional approach in which knowledge is so-
cially constructed through interaction among learners. In
Project-Based Learning and Capstone Design courses, the
quality of collaboration is widely recognized as a critical
determinant of learning outcomes [18-20]. Throughout
project implementation, students engage in a variety of
collaborative activities, including problem definition, idea
generation, role allocation, conflict resolution, product de-
velopment, and performance evaluation. Consequently,
there is an increasing need for Al-supported collaboration
strategies capable of effectively facilitating these collabo-
rative processes. Moreover, collaboration patterns differ
across academic disciplines. Therefore, the Al functions
and team collaboration support strategies required in hu-
manities and social sciences projects may differ from those
needed in science and engineering projects.

However, the existing literature has generally been lim-

ited to evaluating the general educational effectiveness of
generative Al or reporting on its application within individual
courses. Few studies have comparatively examined the
Al-based team collaboration functions required in human-
ities and social sciences versus science and engineering
project courses or proposed discipline-specific Al-supported
collaboration strategies based on faculty needs.
Accordingly, this study investigates faculty perceptions
regarding the importance of Al-based team collaboration
support functions and their needs for Al-supported collab-
oration design strategies among instructors with experi-
ence teaching project-based or Capstone Design courses.
Furthermore, it compares these perceptions between the
humanities and social sciences and science and engineering
disciplines. Based on an importanceneed matrix analysis
and qualitative analysis of open-ended responses, this
study identifies discipline-specific Al-supported team col-
laboration strategies and priority Al functions for future
development. The findings are expected to provide founda-
tional guidelines for developing Al-supported team collab-
oration models applicable to future project-based courses.

2. Literature review

2.1. Generative Al and its educational applications

Generative artificial intelligence (Generative Al) refers
to Al technologies capable of creating new content—includ-
ing text, images, audio, video, and programming code—
based on large-scale pretrained models in response to user
prompts. Among these technologies, Large Language Models
(LLMSs) are trained on extensive textual data to understand
and generate natural language, summarize information,
answer complex queries, and support a wide range of prob-
lem-solving tasks [1,2].

Since the public release of ChatGPT in November 2022,
generative Al has rapidly expanded across diverse domains,
including education, research, industry, and healthcare.
In higher education, generative Al has transformed teach-
ing and learning practices by supporting question answer-
ing, concept explanation, information retrieval, academic
writing, translation, programming, and formative feedback
[3,4,6]. Furthermore, the emergence of general-purpose Al
systems such as Gemini, Claude, and Microsoft Copilot, to-
gether with domain-specific applications including Canva
Al, Notion Al, Gamma, and Figma Al, has substantially
broadened the scope of Al-supported learning from in-
formation search and writing to presentation design, graph-
ic creation, data analysis, and programming assistance.

Urban et al. [10] reported that the use of ChatGPT in
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creative problem-solving activities significantly improved
university students' problem-solving self-efficacy, enhanced
the quality and sophistication of their solutions, and re-
duced the cognitive effort required for idea generation.
These findings suggest that generative Al can function
as a cognitive partner, supporting learners throughout the
process of solving ill-structured problems by facilitating
idea generation, refining solutions, and improving project
outcomes. Through continuous interaction with generative
Al, learners can clarify problem definitions, explore multi-
ple perspectives and alternative solutions, and iteratively
evaluate and refine their own ideas and products. Likewise,
instructors can employ generative Al to develop instruc-
tional materials, generate learning tasks and questions,
provide personalized explanations and formative feedback,
and design learning and assessment activities [3,4].

Previous studies have consistently demonstrated the ed-
ucational benefits of generative Al in terms of academic
achievement, self-efficacy, learning engagement, creativity,
and problem-solving ability. In particular, the integration
of ChatGPT into writing instruction, programming education,
and project-based learning has been shown to enhance lear-
ners' creative thinking, support complex problem-solving
processes, and improve the quality of learning outcomes [6-8].

Generative Al also offers considerable potential in en-
gineering education. It can assist students by explaining
mathematical and engineering concepts, answering technical
questions, generating and debugging programming code,
facilitating idea generation, summarizing research literature,
and supporting technical report writing. In a conceptual
study exploring the opportunities and challenges of gen-
erative Al in engineering education, Qadir [11] argued
that ChatGPT can provide personalized explanations and
feedback, virtual tutoring, programming support, research
assistance, and problem-solving guidance. More importantly,
he emphasized that generative Al should not replace students'
thinking but rather function as an intelligence augmenta-
tion tool, enabling learners to formulate effective ques-
tions, critically evaluate Al-generated responses, and con-
tinuously refine their own reasoning.

Similarly, Hwang [12] developed a ChatGPT-based AloT
extracurricular program and examined its educational ef-
fectiveness among engineering students. The findings re-
vealed significant improvements in students' problem-solv-
ing abilities and interdisciplinary competencies, demon-
strating that generative Al can effectively support the entire
engineering design process—from problem definition and
system design to implementation—and serve as an effective
learning tool in engineering project education.

Taken together, previous studies indicate that generative
Al can support a wide range of project-based learning
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activities, including problem definition, information re-
trieval and summarization, idea generation, academic writ-
ing, programming, debugging, presentation development,
and feedback. Particularly in engineering education, gen-
erative Al can facilitate programming and technical prob-
lem-solving throughout the project lifecycle—from prob-
lem definition and system design to implementation—
thereby enhancing students' problem-solving experiences
and interdisciplinary competencies [11-12].

2.2. Generative Al-supported collaborative
learning in project-based learning

Project-Based Learning (PBL) is a student-centered in-
structional approach in which learners investigate au-
thentic and complex problems over an extended period
and develop tangible outcomes as a result of their inquiry
[18-20]. Similarly, Capstone Design is a project-based edu-
cational approach that requires students to integrate the
knowledge and skills acquired in their major disciplines
to design solutions and develop practical products for re-
al-world problems.

Throughout the project process, students engage in a
series of learning activities, including problem definition, in-
formation search, idea generation, role assignment, solution
design, product development, presentation, and reflection.
During this process, communication among team members,
shared goal setting, coordination of roles and tasks, knowl-
edge sharing, mutual feedback, and conflict management
are critical factors influencing project success [18-20].
Therefore, project-based learning emphasizes not only in-
dividual knowledge and technical competence but also
collaborative processes through which team members joint-
ly construct knowledge and solve problems.

Generative Al can serve not only as an information-sup-
port tool during team projects but also as a collaborative
partner that facilitates idea generation, integrates diverse
perspectives, supports collaborative writing, promotes dis-
cussion, and provides timely feedback. Al can help teams
organize and compare ideas, generate alternative solutions,
structure meeting discussions, and draft and refine collabo-
rative documents.

Kwon and Kwon [13] investigated team-based prob-
lem-solving activities involving eleven university students
who were permitted to use conversational generative AL
Based on analyses of team activity reports and pre- and
post-tests, they identified several key roles of generative
Al including facilitating brainstorming, organizing ideas
systematically, integrating team members' opinions, and
drafting, revising, and reviewing collaborative writing that
reflected collective team perspectives.
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Similarly, Kang [14] incorporated ChatGPT into group
discussions in a German literature course that combined
Project-Based Learning with flipped learning. Students used
ChatGPT to search for information, ask questions, and
support classroom discussions. Furthermore, Al-generated
responses served as discussion materials, encouraging stu-
dents to refine their questions and collaboratively evaluate
the accuracy and validity of the generated information.

Park [15] also demonstrated that ChatGPT can function as
a collaborative learning tool by promoting cognitive inter-
action, fostering critical thinking, and supporting team-
work during Al-assisted collaborative learning activities.

International studies have likewise reported that gen-
erative Al functions as a collaborative partner by facilitating
brainstorming, communication, collaborative knowledge
construction, and problem solving, thereby promoting
more effective teamwork. An et al. [16] integrated gen-
erative Al into a mind map-based collaborative learning
environment and found that students using generative Al
achieved higher task performance than those participating
in conventional collaborative learning. Furthermore, gen-
erative Al facilitated collaborative knowledge construction
by enabling learners to develop individual ideas into shared
knowledge at both peer and group levels.

Wei et al. [17] conducted a 20-week digital storytelling
project in which one group utilized ChatGPT, Midjourney,
and Runway, while another group completed the same
tasks using traditional methods. Their findings revealed
that students in the Al-supported group demonstrated sig-
nificantly higher collaborative problem-solving abilities
than those in the comparison group. Moreover, the Al-sup-
ported group achieved superior team creativity, particularly
in terms of user experience and originality.

Taken together, previous studies indicate that generative
Al can effectively support project-based and collaborative
learning by facilitating information retrieval, idea gen-
eration, opinion integration, collaborative writing, inter-
action, and collaborative problem solving [13-17]. Several
studies have also reported improvements in task perform-
ance and team creativity [16,17]. Nevertheless, existing re-
search has primarily focused on evaluating the educational
effectiveness of generative Al within specific courses or
examining learners' experiences with Al-supported learning.
Consequently, relatively little attention has been devoted
to comprehensively investigating Al-supported functions
required throughout the project lifecycle, including team
building, role assignment, project coaching, collaboration mon-
itoring, team member contribution analysis, learning ana-
lytics, performance management, and assessment support.

Furthermore, project-based learning varies across aca-
demic disciplines and project types, resulting in different

instructional processes and support requirements. Projects in
the humanities and social sciences typically emphasize in-
formation exploration and interpretation, discussion, aca-
demic writing, and content creation, whereas science and
engineering projects generally involve technical activities
such as problem definition, system design, experimentation,
programming, prototype development, and debugging.
Despite these disciplinary differences, few studies have com-
pared faculty perceptions of the importance and necessity
of Al-based team collaboration support functions across
the humanities and social sciences and science and en-
gineering disciplines.

Accordingly, the present study investigates faculty per-
ceptions regarding the importance of Al-based team col-
laboration support functions and the need for Al-supported
collaboration design strategies among instructors who have
experience teaching Project-Based Learning or Capstone
Design courses. Furthermore, it compares these percep-
tions between the humanities and social sciences and science
and engineering disciplines to propose Al-supported team
collaboration design strategies tailored to project-based
learning environments.

3. Research method

3.1. Research participants

This study investigated faculty needs for Al-based team
collaboration strategies among university instructors who
had experience teaching project-based courses or Capstone
Design courses. An online survey was administered using
Google Forms, and a total of 65 valid responses were in-
cluded in the final analysis.

The participants were faculty members from 16 domestic
and international universities. Regarding academic discipline,
35 respondents (53.8%) were from the humanities and social
sciences, 28 (43.1%) were from science and engineering,
and 2 (3.1%) were from other disciplines, including arts,
physical education, and medicine. For comparative analy-
ses between disciplines, only responses from the human-
ities and social sciences and science and engineering groups
were included, whereas responses from the other disciplines
were considered only in the overall descriptive statistics.

With respect to teaching experience, 47 respondents
(72.3%) had more than seven years of teaching experience,
followed by 12 respondents (18.5%) with four to six years
and 6 respondents (9.2%) with one to three years. These
findings indicate that the majority of participants had sub-
stantial experience in higher education as well as in teach-
ing project-based courses.
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Table 1. Participant Characteristics (N = 65)

Category Sub-category N  Percentage(%)
University University A 45 69.2
affiliation  yiversity B 4 6.3
University C 2 3.1
Other universities 14 215
(13 institutions)
Total 65 100.0
Academic Humanities and social 35 53.8
discipline sciences
Science and engineering 28 43.1
Others (Arts, Physical 2 3.1
Education, and Medicine)
Total 65 100.0
Teaching 1-3 years 6 9.2
experience 4-6 years 12 18.5
7 years or more 47 723
Total 65 100.0

3.2. Research instrument

To investigate faculty perceptions of and needs for
Al-based team collaboration support functions, a prelimi-
nary questionnaire was developed based on a review of rele-
vant literature and existing project-based learning practices.
The initial instrument was subsequently reviewed by an
educational technology expert and faculty members from
both the humanities and social sciences and science and
engineering disciplines to evaluate the relevance, clarity,
and applicability of each item across different academic
fields. Based on their feedback, the questionnaire was re-
vised and finalized.

Table 2. Structure of the survey instrument

The final survey consisted of eight sections: (1) demographic
information, (2) current status of project-based courses,
(3) current use of Al (4) importance of Al-based collaboration
support functions, (5) needs for Al-based team collaboration
strategies, (6) Al function needs by academic discipline,
(7) concerns about Al use, and (8) open-ended questions.

The Importance of Al-Based Collaboration Support
Functions scale consisted of 14 items measuring faculty
perceptions of the importance of Al support for various
project activities, including problem definition, information
search and summarization, idea generation, facilitation of
team discussions, role assignment recommendations, proj-
ect schedule management, automatic meeting minute gen-
eration, collaboration monitoring, team member contribution
analysis, report writing support, presentation generation,
code generation and debugging, design review and feedback,
and conflict diagnostic support and mediation.

The needs for Al-based team collaboration strategies
scale included 10 items assessing faculty needs for Al-sup-
ported functions, including Al-based team building, role
recommendation, project coaching, mentoring, collaboration
monitoring, feedback, performance management, team
member contribution analysis, assessment support, and
learning analytics and diagnostic support.

All importance and needs items were measured using
a five-point Likert scale. For the importance scale, responses
ranged from 1 (Not at all important) to 5 (Very important).
For the needs scale, responses ranged from 1 (Not at all
necessary) to 5 (Highly necessary).

To obtain more in-depth insights into faculty expectations

Category Content No. of Response
Items Format
Demographic University affiliation, academic discipline, department, teaching experience, 5 Multiple choice
information project course type
Current status of Challenges in managing team projects, factors influencing project outcomes 2 Multiple choice
project-based courses (multiple responses)
Current use of Al Recommendation of Al use, Al tools used, areas of Al application 3 Multiple choice (single
or multiple responses)

Importance of Al-based Problem definition support, information search and summarization, idea 14 5-point Likert scale
collaboration support generation, team discussion facilitation, role assignment recommendations,
functions project schedule management, automatic meeting minutes, collaboration

monitoring, team member contribution analysis, report writing support,

Ppresentation generation, code generation and debugging, design review

and feedback, conflict diagnostic support and mediation
Needs for Al-Based Al-based team building, role recommendation, project coaching, mentoring, 10 5-point Likert scale
Team Collaboration collaboration monitoring, feedback, performance management, team
Strategies member contribution analysis, assessment support, learning analytics

and diagnostic support
AI Function Needs by Al functions required for humanities and social sciences projects, Al 2 Multiple choice
Academic Discipline functions required for engineering design and production projects (multiple responses)
Concerns About Al Use Concerns regarding Al-supported collaborative project courses 1 Multiple choice

(multiple responses)

Open-Ended Questions Al functions that should be most effectively supported, essential elements 2 Open-ended

Total

and recommendations for developing Al-based team collaboration strategies

39
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and suggestions regarding Al-based collaboration support,
the survey also included two open-ended questions. Participants
were asked to describe (1) the Al functions that should most
effectively support team project courses and (2) the essential
features and recommendations that should be incorporated
into future Al-based team collaboration strategies.

3.3. Data collection procedure

Data were collected through an online survey administered
using Google Forms. The questionnaire was distributed
to university faculty members who had experience teaching
project-based courses or Capstone Design courses. The sur-
vey was conducted from June 23 to July 1, 2026, over a
nine-day period.

Before completing the survey, participants were pro-
vided with information regarding the purpose of the study,
the collection and use of personal information, the anony-
mous handling of survey responses, and the assurance
that the collected data would be used solely for research
purposes. Only those who voluntarily agreed to participate
proceeded with the survey. No personally identifiable in-
formation was collected, and all responses were used ex-
clusively for research purposes.

3.4. Data analysis

The collected data were analyzed using Microsoft Excel
and IBM SPSS Statistics. First, descriptive statistics, includ-
ing frequencies and percentages, were calculated to sum-
marize participants' demographic characteristics, the cur-
rent status of project-based courses, and the use of gen-
erative Al. For multiple-response items, the frequency of
each response option and the corresponding percentage
based on the total sample (N = 65) were calculated.

Means and standard deviations were computed for the
importance ratings of Al-based collaboration support func-
tions and the need ratings for Al-based team collaboration
strategies. To examine differences between the humanities
and social sciences and science and engineering groups,
Welch's independent-samples t-tests were conducted to
account for differences in sample sizes and variances be-
tween the two groups. Statistical significance was de-
termined at the .05 level.

For the matrix analysis, the importance and need items
were grouped into seven corresponding functional areas
based on the conceptual similarity of the functions they
represented in the project collaboration process. The mean
scores of the relevant items within each functional area
were then calculated and used as the importance and need
values for the matrix analysis.

An Importance-Need Matrix Analysis was conducted
to identify the relative priorities of Al-based team col-
laboration support functions. Traditional Importance-
Performance Analysis (IPA) determines improvement
priorities by comparing the perceived importance of at-
tributes with their current performance or satisfaction
levels. However, the present study did not assess the cur-
rent performance of existing Al support functions; rather,
it examined faculty perceptions of the importance and need
for Al-based team collaboration support functions to be
developed or strengthened. Therefore, need was used in-
stead of performance as the second analytical dimension
to determine the relative development priorities of the
functions. The overall mean scores for importance and need
across the analyzed functions were used as the reference
points for the matrix. This approach allowed each function
to be interpreted as relatively high or low compared with
the overall average and enabled an exploratory classi-
fication of development priorities. Accordingly, functions
with both high importance and high need were classified
as Priority Development, those with high importance but
relatively low need as Continued Management, those with
both low importance and low need as Low Priority, and
those with relatively low importance but high need as
Potential Improvement.

Responses to the open-ended questions were analyzed
using qualitative content analysis. The responses were first
segmented into meaningful units and then grouped into
categories based on similarities in content. Through an iter-
ative coding process, major themes were identified. The
resulting categories included information retrieval and
summarization support, idea generation and problem defi-
nition support, collaboration management and role assign-
ment support, report and presentation development sup-
port, assessment and feedback support, and ethical guide-
lines and the appropriate scope of Al use.

4. Results

4.1. Current status of project-based courses and
the use of generative Al

4.1.1. Types of project-based courses

As shown in Table 3, the most common type of proj-
ect-based course taught by the participants was humanities
and social sciences projects (discussion-, research-, writ-
ing-, and content creation-oriented), reported by 33 re-
spondents (50.8%). This was followed by science and en-
gineering design and development projects (design-, ex-
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perimentation-, and prototype development-oriented), re-
ported by 25 respondents (38.5%), and hybrid projects,
reported by 17 respondents (26.2%).

Table 3. Types of project-based courses

Category N  Percentage (%)

Humanities and Social Sciences Projects 33 50.8
(discussion-, research-, writing-, and
content creation-oriented)

Engineering Design and Development 25 38.5
Projects (design-, experiment-, and
prototype development-oriented)

Hybrid Projects 17 26.2

Others (instructional design and 1 15
teaching demonstration projects)

4.1.2. Challenges in managing team projects

As presented in Table 4, faculty members identified proj-
ect management and team collaboration as the most chal-
lenging aspect of managing project-based courses (33 re-
spondents, 50.8%). Other frequently reported challenges
included managing team member participation (27 re-
spondents, 41.5%), conflict management (26 respondents,
40.0%), idea generation (22 respondents, 33.8%), and prob-
lem definition (21 respondents, 32.3%).

These findings suggest that the primary challenges in
project-based learning are associated with collaborative
processes, such as team management, participation, and
conflict resolution, rather than with the development of
project deliverables or report writing.

Table 4. Challenges in managing team projects

Challenge N  Percentage (%)
Project management and collaboration 33 50.8
Managing team member participation 27 41.5
Conflict management 26 40.0
Idea generation 22 33.8
Problem definition 21 323
Communication 20 30.8
Role assignment 18 27.7
Deliverable development 15 23.1
Schedule management 10 15.4
Information search and data collection 9 13.8
Presentation preparation 6 9.2
Report writing 4 6.2
Others 1 15

4.1.3. Factors influencing team project outcomes

Communication among team members was identified
as the most influential factor affecting team project out-
comes (49 respondents, 75.4%). This was followed by team-
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work and collaboration (45 respondents, 69.2%), team mem-
ber participation (30 respondents, 46.2%), and team leader-
ship (22 respondents, 33.8%).

In contrast, Al competency was selected by only 8 re-
spondents (12.3%), indicating that faculty members re-
garded interpersonal and collaborative factors—including
communication, teamwork, and participation—as sub-
stantially more important determinants of project success
than students' proficiency in using generative Al

Table 5. Factors influencing team project outcomes

Factor N  Percentage (%)
Communication among team members 49 75.4
Teamwork and collaboration 45 69.2
Team member participation 30 46.2
Team leadership 22 33.8
Disciplinary expertise 19 29.2
Project management 17 26.2
Role assignment 17 26.2
Instructor feedback 17 26.2
Al competency 8 12.3

4.1.4. Recommendations for the use of generative Al

As presented in Table 6, the largest proportion of re-
spondents (29 faculty members, 44.6%) strongly recom-
mended the use of generative Al in project-based courses.
In addition, 17 respondents (26.2%) recommended limited
use, while another 17 respondents (26.2%) believed that
students should decide independently whether to use AL
Only one respondent (1.5%) recommended restricting Al
use, and one respondent (1.5%) recommended prohibiting
its use altogether.

Overall, 96.9% of respondents expressed either positive
or permissive attitudes toward the use of generative Al,
suggesting that Al has become widely accepted as a learn-
ing support tool in project-based courses.

Table 6. Recommendations for the use of generative Al

Recommendation N  Percentage (%)
Strongly recommend 29 44.6
Recommend limited use 17 26.2
Leave the decision to students 17 26.2
Restrict use 1 1.5
Prohibit use 1 1.5
Total 65 100.0

4.1.5. Most frequently used Al tools by students

As shown in Table 7, ChatGPT was reported by faculty
as the most frequently used Al tool among students
(60 respondents, 92.3%), followed by Gemini (55 re-
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spondents, 84.6%) and Claude (32 respondents, 49.2%).
Canva Al was reported by 14 respondents (21.5%), while
Perplexity, Notion Al, Figma Al, and Gamma were re-
ported less frequently.

These findings suggest that, according to faculty percep-
tions, students primarily rely on general-purpose conversa-
tional Al systems, while specialized Al tools for design,
document management, and presentation development are
used less frequently.

Table 7. Al tools most frequently used by students

Category N  Percentage (%)
ChatGPT 60 92.3
Gemini 55 84.6
Claude 32 49.2
Canva Al 14 21.5
Perplexity 7 10.8
Notion Al 5 7.7
Figma Al 5 7.7
Gamma 3 4.6
Others 3 4.6

4.1.6. Areas in which students primarily use Al

As presented in Table 8, faculty members reported that
students most frequently used generative Al for information
search and summarization (60 respondents, 92.3%). Other
common applications included presentation preparation
(38 respondents, 58.5%), idea generation (35 respondents,
53.8%), report writing (28 respondents, 43.1%), and image
generation (24 respondents, 36.9%).

In contrast, Al was used far less frequently for activities
directly related to team collaboration and project manage-
ment, such as collaboration management (4 respondents,
6.2%), meeting minute preparation (2 respondents, 3.1%),
role assignment (2 respondents, 3.1%), and schedule man-
agement (1 respondent, 1.5%).

Table 8. Areas in which students primarily use Al

Area of Al use N  Percentage (%)
Information search and summarization 60 92.3
Presentation preparation 38 58.5
Idea generation 35 53.8
Report writing 28 43.1
Image generation 24 36.9
Brainstorming 16 24.6
Data analysis 13 20.0
Error detection and correction 8 12.3
Code generation 6 9.2
Collaboration management 4 6.2
Meeting minute preparation 2 3.1
Role assignment 2 3.1
Schedule management 1 15

These results suggest that generative Al is currently used
primarily to support information processing and the pro-
duction of project deliverables, whereas its potential to
facilitate collaborative processes and team management
remains largely underutilized.

4.2. Importance of Al-based team collaboration
support functions

Table 9 presents faculty members' perceptions of the
importance of Al-based team collaboration support functions.
Among the 14 functions, Al for information search and
summarization received the highest importance rating
(M =442, SD = 0.66). This was followed by Al for pre-
sentation preparation (M = 4.12, SD = 0.82), Al for report
writing support (M = 4.09, SD = 0.77), and Al for code
generation and debugging (M = 3.97, SD = 0.95).

In contrast, relatively lower importance ratings were
reported for Al for conflict detection and mediation
M =292, SD = 0.94), Al for team member contribution
analysis (M = 3.09, SD = 0.98), and Al for role assignment
recommendations (M = 3.11, SD = 0.97).

These findings indicate that faculty members place great-
er importance on Al functions that support information
retrieval, content development, presentation preparation,
and technical problem-solving than on Al functions de-
signed to facilitate team management and interpersonal
collaboration, such as conflict mediation, contribution anal-
ysis, and role assignment.

Table 9. Importance of Al-based team collaboration support
functions (N=65)

Rank Al-based team collaboration Mean SD

support function

1 Al for information search and 442 0.66
summarization

2 Al for presentation preparation 412 0.82

3 Al for report writing support 4.09 0.77

4 Al for code generation and debugging 3.97 0.95

5 Al for problem definition 3.95 0.84

6 Al for design review and feedback 3.94 0.95

7 Al for idea generation 3.82 0.81

8 Al for automatic meeting minute 3.57 0.94
generation

9 Al for project schedule management 3.31 0.95

10 AI for facilitating team discussions 3.20 0.78

10 AI for collaboration analytics 3.20 0.94

12 Al for role assignment recommendations 3.11 0.97

13 Al for team member contribution 3.09 0.98
analysis

14 Al for conflict detection and 2.92 0.94
mediation
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4.3. Needs assessment of Al-based team
collaboration strategies

Table 10 presents faculty members' perceived needs for
Al-based team collaboration strategies. Among the ten
proposed strategies, Al-based feedback received the high-
est mean score (M = 4.06, SD = 0.70). This was followed
by Al-based learning analytics and diagnostic support
(M =398, SD = 0.93), Al-based mentoring (M = 3.91,
SD = 0.81), and both Al-based project coaching (M = 3.85,
SD = 0.69) and Al-based performance management
(M = 3.85, SD = 0.82). These findings suggest that faculty
members expect generative Al to serve not merely as a
tool for information retrieval or content generation but
as an educational support system capable of diagnosing
students' learning processes, providing timely feedback
and mentoring, and continuously monitoring project per-
formance throughout the learning process.

In contrast, relatively lower levels of need were re-
ported for Al-based team member contribution analysis
(M = 340, SD = 1.09) and Al-based role recommendation
(M = 3.49, SD = 0.85). Notably, Al-based team member
contribution analysis exhibited the largest standard devi-
ation among the proposed strategies, indicating greater
variability in faculty perceptions regarding the necessity
of this function.

Table 10. Needs assessment of Al-based team collaboration
design strategies

Rank Al-based team collaboration strategy h Mean SD
1 Al-based feedback 65 406 0.70
2 Al-based learning analytics and 65 398 093

diagnostic support
3 Al-based mentoring 65 391 0.81
4  Al-based project coaching 65 3.85  0.69
4 Al-based performance management 65 3.85 0.82
6  Al-based assessment support 65 374 091
7 Al-based collaboration monitoring 65 3.62 0.86
8  Al-based team building 65 355 077
9 Al-based role recommendation 65 3.49 0.85
10  Al-based team member contribution 65 340  1.09

analysis

4.4. Importance-need matrix analysis of Al-based
team collaboration support functions

An Importance-Need Matrix Analysis was conducted
to examine the relative positions of each functional area
based on the overall mean scores of perceived importance
and need. The reference values for the matrix were 3.52
for importance and 3.78 for need.
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Table 11. Importance-need matrix of Al-based team collabo-
ration support functions

Functional area Importance Need Importance-need
™M) (M) matrix quadrant
Information search and 4.21 4.06 1. Priority
report writing Development
Performance management 3.94 3.92 1. Priority
and learning analytics Development
Problem definition and 3.88 3.85 1. Priority
idea generation Development
Team discussion and 3.06 391 IV. Potential
conflict management Improvement
Project scheduling and 3.36 3.62 III. Low Priority
collaboration
monitoring
Contribution analysis 3.09 3.57 1III. Low Priority
and assessment
Role recommendation 3.11 3.52 III. Low Priority
and team building
a2
IV. Potential Improvement 1. Priority Development
Information Retrieval
& Report Writing
40
Discussion & Conflict , Performance &
@ Management ® * Learning Analytics
®  Problem Definition &
38 i Idea Generation
f=u
g )
=
E . :nd;:i::"&; Collaboration
2 20 fiemene
Contribution L]
Assessment
34
11l Low Priority II. Sustained Management

275 3.00 325 3.50 375 4.00 425 4,50
Importance Mean

Fig. 1. Overall importance-need matrix

As shown in Table 11 and Figure 1, three functional
areas—information search and report writing, performance
management and learning analytics, and problem defi-
nition and idea generation—were positioned in Quadrant
I (Priority Development), indicating that these functions
received above-average ratings for both importance and
need. These findings suggest that Al-based team collabo-
ration systems should prioritize functions that support in-
formation retrieval and summarization, report and pre-
sentation development, problem definition, idea generation,
learning analytics, and performance management.

In contrast, the team discussion and conflict management
area was dassified into Quadrant IV (Potential Improvement),
characterized by relatively low perceived importance but
high perceived need. Although faculty members did not
regard discussion facilitation and conflict mediation as the
primary functions of Al, they nevertheless recognized a
substantial need for these capabilities when managing proj-
ect-based courses. This finding suggests that Al support
for team interaction and conflict resolution represents an
important area for future development.
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Finally, project scheduling and collaboration monitoring,
contribution analysis and assessment, and role recom-
mendation and team building were positioned in Quadrant
II (Low Priority), with both importance and need falling
below the overall averages. These findings suggest that
these functions may be introduced incrementally after the
development of higher-priority functions or implemented
selectively according to the characteristics of specific project
contexts and instructional needs.

4.5. Comparison of importance ratings between
humanities and social sciences and
engineering faculty

Table 12 presents the comparison of faculty perceptions
regarding the importance of Al-based team collaboration
support functions between the humanities and social scien-
ces and science and engineering groups. Overall, no stat-
istically significant differences were observed between the
two groups for most Al support functions.

However, a significant difference was found for Al for
code generation and debugging, with faculty in the science
and engineering group (M = 4.36) assigning significantly
higher importance to this function than those in the hu-
manities and social sciences group (M = 3.63; t = —3.30,
p = .002). This finding is likely attributable to the nature
of science and engineering projects, which more frequently
involve programming, system design, experimentation,
debugging, and other technically oriented problem-solv-
ing activities.

Although Al for design review and feedback was also

rated higher by science and engineering faculty (M = 4.18)
than by humanities and social sciences faculty (M = 3.71),
the difference narrowly failed to reach statistical sig-
nificance (t = —1.99, p = .051). Similarly, Al for presentation
preparation received higher ratings from science and en-
gineering faculty (M = 4.32) than from humanities and
social sciences faculty (M = 3.94), although the difference
was not statistically significant (t = —1.88, p = .064).

Overall, these findings indicate that faculty perceptions
of the importance of Al-based collaboration support func-
tions were largely similar across disciplines, with the nota-
ble exception of code generation and debugging, which
was considered substantially more important in science
and engineering education.

4.6. Comparison of needs for Al-based team
collaboration strategies between humanities
and social sciences and engineering faculty

As shown in Table 13, no statistically significant differ-
ence was observed between the humanities and social
sciences and the natural sciences and engineering in terms
of the perceived need for Al-based team collaboration
strategies. Based on mean scores, engineering faculty iden-
tified the highest needs for Al-based feedback (M=4.04),
Al-based learning analytics and diagnostic support (M=4.04),
and Al-based project coaching (M=4.00).

Similarly, humanities and social sciences faculty re-
ported the highest need for Al-based feedback (M = 4.06),
followed by Al-based mentoring (M = 3.89) and Al-based
learning analytics and diagnostic support (M = 3.89).

Table 12. Comparison of importance ratings between humanities and social sciences and engineering faculty

Al-based support function

Humanities and
social sciences

Sciences and

Al for problem definition

Al for information search and summarization
Al for idea generation

Al for facilitating team discussions

Al for role assignment recommendations

Al for project schedule management

Al for automatic meeting minute generation
Al for collaboration analytics

Al for team member contribution analysis
Al for report writing support

Al for presentation preparation

Al for code generation and debugging

Al for design review and feedback

Al for conflict detection and mediation

engineering

™M) (0%)]

3.91 3.96 -0.23 818
4.31 4.50 -1.12 268
3.77 3.86 -0.42 675
3.20 3.18 0.11 913
3.14 3.00 0.59 557
3.26 3.29 -0.12 904
3.37 3.75 -1.61 113
3.11 3.25 -0.58 563
3.00 3.11 -0.45 651
3.94 4.25 -1.64 .106
3.94 4.32 -1.88 064
3.63 4.36 -3.30 .002
3.71 418 -1.99 .051
291 2.89 0.09 928

p<.01
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Table 13. Comparison of needs for Al-based team collaboration strategies between humanities and social sciences and

engineering faculty

Al-based team collaboration strategy

Humanities and
social sciences

Sciences and

Al-based team building

Al-based role recommendation

Al-based project coaching

Al-based mentoring

Al-based collaboration monitoring

Al-based feedback

Al-based performance management

Al-based team member contribution analysis
Al-based assessment support

Al-based learning analytics and diagnostic support

engineering

™M)

3.49 3.61 -0.62 538
3.34 3.64 -1.41 .163
3.71 4.00 -1.70 095
3.89 3.93 -0.21 .838
3.63 3.57 0.26 .798
4.06 4.04 0.12 .907
3.80 3.82 -0.10 918
3.23 3.50 -0.99 .329
3.66 3.79 -0.55 587
3.89 4.04 -0.63 .529

Although Al-based project coaching received a higher mean
rating from science and engineering faculty (M = 4.00)
than from humanities and social sciences faculty (M = 3.71),
the difference was not statistically significant (t = —1.70,
p = .095). Overall, these findings indicate that both dis-
ciplinary groups share similar needs for Al-based team
collaboration support, particularly for feedback, learning
analytics and diagnostic support, mentoring, and project
coaching.

4.7. Comparison of the importance-need matrix
by academic discipline

4.7.1. Importance-need matrix analysis for humanities
and social sciences faculty

Table 14 and Figure 2 present the Importance-Need
Matrix Analysis for humanities and social sciences
faculty. Information search and report writing, perform-
ance management and learning analytics, and problem
definition and idea generation were classified as Priority
Development areas. Team discussion and conflict manage-
ment was identified as a Potential Improvement area, while
the other functional areas were classified as Low Priority.
Based on the mean scores, faculty members in the science
and engineering group reported the greatest needs for
Al-based feedback (M = 4.04), Al-based learning analytics
and diagnostic support (M = 4.04), and Al-based project
coaching (M = 4.00). Faculty members in the humanities
and social sciences group reported the highest need for
Al-based feedback (M = 4.06), followed by Al-based men-
toring (M = 3.89) and Al-based learning analytics and diag-
nostic support (M = 3.89). Although Al-based project coach-
ing received a higher mean rating from science and en-
gineering faculty (M = 4.00) than from humanities and
social sciences faculty (M = 3.71), the difference was not

statistically significant (t = —1.70, p = .095).

Table 14. Importance-need matrix for humanities and social
sciences faculty

Functional area Importance Need Importance-need
™M) (M) matrix quadrant

Information search and 4.07 4.06 1. Priority
report writing development
Performance management 3.71 3.84 I Priority

and learning analytics development
Problem definition and 3.84 3.71 L Priority

idea generation development
Team discussion and 3.06 3.89 IV. Potential
conflict management improvement
Project scheduling and 3.25 3.63 III. Low priority
collaboration monitoring

Contribution analysis 3.00 3.44 III. Low priority

and assessment

Role recommendation 3.14 3.41
and team building

III. Low priority
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®
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275 3.00 325 350 375 4.00 4.25 4.50
Importance Mean

Fig. 2. Importanceneed matrix for the humanities and
social sciences

Overall, the findings indicate that both disciplinary
groups shared similar needs for Al-supported feedback,
learning analytics and diagnostic support, mentoring, and
project coaching, suggesting common expectations regard-
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ing the educational role of Al in supporting collaborative
project-based learning.

4.7.2. Importance-need matrix analysis for science
and engineering faculty

Table 15 and Figure 3 present the results of the Impor-
tance-Need Matrix Analysis for faculty members in the
science and engineering disciplines. Three functional areas
—information search and report writing, performance
management and learning analytics, and problem defi-
nition and idea generation—were positioned in Quadrant
I (Priority Development), indicating above-average ratings
for both importance and need. Among these, information
search and report writing received the highest importance
rating (M = 4.36), followed by performance management
and learning analytics (M = 4.18). These findings suggest
that science and engineering faculty place particular value
on Al functions that support technical information re-
trieval, documentation, analysis of design outcomes, learn-
ing analytics, and performance feedback throughout proj-
ect implementation.

Table 15. Importance-need matrix for engineering faculty

Functional area Importance Need Importance-need
(0Y%)) (M) matrix quadrant

Information search and 4.36 4.04 I Priority

report writing development

Performance management 4.18 3.93 1. Priority

and learning analytics development

Problem definition and 3.91 4.00 I Priority

idea generation development

Team discussion and 3.04 3.93 IV. Potential

conflict management improvement

Project scheduling and 343 3.57 III. Low priority

collaboration monitoring

Contribution analysis 3.11 3.64 III. Low priority

and assessment

Role recommendation 3.00 3.63
and team building

II. Low priority

IV. Potential I. Priority Development

Improvement Information Retrieval
& Report Writing
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Discussion & Conflict dea Generation
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Fig. 3. Importanceneed matrix for science and engineering

The problem definition and idea generation area also
demonstrated a high level of need (M = 4.00), indicating
strong demand for AI support during the early stages
of engineering projects, particularly for defining complex
technical problems, exploring alternative design solutions,
and refining innovative ideas.

The team discussion and conflict management area was
classified into Quadrant IV (Potential Improvement), re-
flecting relatively low perceived importance but high per-
ceived need. Although faculty members did not consider
conflict management to be a primary Al function, they
recognized the potential value of Al in supporting engineer-
ing team discussions by organizing technical issues, com-
paring alternative solutions, summarizing meeting out-
comes, and facilitating consensus-building during collabo-
rative decision-making.

Finally, role recommendation and team building, project
scheduling and collaboration monitoring, and contribution
analysis and assessment were positioned in Quadrant III
(Low Priority). These findings suggest that such functions
should be regarded as supplementary features that reduce
instructors' and students' management burdens rather than
replace the core educational activities involved in proj-
ect-based learning.

5. Discussion

This study examined faculty perceptions of the im-
portance of and need for Al-based team collaboration sup-
port functions in project-based courses and Capstone
Design and compared these perceptions between the hu-
manities and social sciences and science and engineering
disciplines.

First, faculty members perceived generative Al as more
than a content generation tool; they viewed it as an educa-
tional tool that could support project implementation and
collaborative processes. Although students currently use
Al primarily for information search and summarization,
presentation preparation, and idea generation, faculty mem-
bers identified project management and collaboration, team
member participation, and conflict management as major
challenges in project-based instruction. Communication
and collaboration among team members were also per-
ceived as major factors influencing project outcomes. These
findings suggest that generative Al should evolve beyond
supporting information retrieval and deliverable pro-
duction toward facilitating collaborative processes. This
interpretation is consistent with previous studies demon-
strating the potential of generative Al to support brain-
storming, integration of team members' ideas, collaborative
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writing, interaction, collaborative knowledge construction,
and collaborative problem-solving [13-17].

Second, the Importance-Need Matrix Analysis identified
information search and report writing, problem definition
and idea generation, and performance management and
learning analytics as Priority Development areas. This
finding suggests that Al-based team collaboration support
should encompass the overall project process, from prob-
lem definition and idea generation to information explora-
tion, deliverable development, feedback, and learning
analytics. The relatively high needs for Al-supported feed-
back, learning analytics and diagnosis, mentoring, and proj-
ect coaching further indicate that faculty members expect
Al to function as an educational partner that supports
the learning process rather than merely as a content gen-
eration tool. This finding is consistent with previous re-
search emphasizing the potential of generative Al to sup-
port learning, feedback, problem-solving, and learners' cog-
nitive processes [3,10,11].

Third, most Al support functions did not show statisti-
cally significant differences between the two disciplinary
groups. Code generation and debugging was the only func-
tion rated significantly higher by science and engineering
faculty. Therefore, rather than developing entirely different
Al collaboration strategies for each discipline, a more appro-
priate approach would be to establish common core func-
tions while selectively strengthening discipline-specific
support. For science and engineering projects, for example,
technical functions such as code generation and debugging
may be selectively enhanced to support programming, de-
sign, experimentation, and technical problem-solving.

Finally, team discussion and conflict management was
classified as a Potential Improvement area, showing rela-
tively low importance but high need. This pattern suggests
that although faculty members may be cautious about al-
lowing Al to directly judge or mediate interpersonal con-
flicts, they recognize the need for support in managing
discussion and conflict during project activities. Al should
therefore support rather than replace human interaction
by organizing team perspectives, identifying key issues,
comparing alternatives, summarizing discussions, and fa-
cilitating consensus building.

6. Conclusions, Limitations, and Future
Research

This study analyzed the importance of and need for
Al-based team collaboration support functions among 65
faculty members with experience in project-based courses
or Capstone Design. Information search and report writing,
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problem definition and idea generation, and performance
management and learning analytics were identified as Priority
Development areas, whereas team discussion and conflict
management was identified as a Potential Improvement
area. Most functions showed no significant disciplinary
differences, except for code generation and debugging,
which was rated significantly higher by science and en-
gineering faculty. These findings suggest that Al-based
team collaboration support should be built around com-
mon core functions, with selected functions strengthened
according to disciplinary characteristics.

This study contributes to extending the educational role
of generative Al from supporting individual task perform-
ance and content generation to facilitating project im-
plementation and collaborative processes. It also provides
practical priorities for Al-supported collaboration based
on faculty needs and the Importance-Need Matrix
Analysis. However, the proposed strategies should be re-
garded as preliminary design directions derived from the
findings rather than an empirically validated model.
Several limitations should be acknowledged. The study
employed a cross-sectional survey design, which limits
causal interpretation. Although participants were recruited
from 16 universities, a substantial proportion were affili-
ated with a single institution, limiting the representative-
ness and generalizability of the findings. In addition, al-
though the questionnaire items were developed based on
previous studies and expert review, separate assessments
of content validity, construct validity, and internal con-
sistency reliability were not conducted. The study also
focused on faculty perceptions and did not empirically
validate the proposed Al-based team collaboration strat-
egies in actual instructional settings. Future research
should validate the instrument using larger and more di-
verse samples and examine the effects of the proposed
strategies on collaborative competence, problem-solving
ability, team efficacy, and learning outcomes in authentic
project-based learning environments.
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