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Development and Evaluation of an Integrated Model Combining
Al-based Adaptive Learning (AI-AL) and Project-based
Learning (PBL)
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Abstract

This study developed and validated an integrated instructional model combining Al-based adaptive learning and
project-based learning. Using a one-group pretest - posttest design with 25 university students, paired-samples t-tests
and text mining were conducted. Significant improvements were found in Al literacy (4=1.366, =11.920, p< .001),
learning competencies (=5.989, p< .001), and Al courseware efficacy (4=1.056, =8.353, p< .001). Qualitative results
highlighted enhanced understanding and productivity, while information accuracy and platform stability were identified
as areas for improvement. The findings indicate that the integrated model effectively enhances both learning outcomes

and learning experiences in higher education.
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Table 1. Summary of adaptive leaming principles and core

components

Category | Key features Description
Adjusting task sequence,
Personalization difficulty, and feedback
& according to the learmner's
individualization knowledge, pace, and
Principles preferences
of adaptive . Real-time modification of
. Dynamic
leamning ; feedback and support based
adjustment
on learmner responses
Continuously reflecting the
Learner ; .
) learner's leamning style,
modeling
preferences, and goals

Learner model

A data structure reflecting the
learner's background
knowledge, learning style, and

goals
Core Defining teaching methods,
Instructional | instructional strategies, activity
compnents
model sequences, and assessment
modes
A structured organization of
Domain model | the learning topic and domain
knowledge
Adaptllve Providing content tailored to
presentation of ) .
) the learner’s proficiency level
learning content
Adaptive use of| Differentiating activities and
learning tasks based on the leamer’s
activities level
. Adapti . .
Adaptive daptl|vel Supporting learning through
) communication .
techniques peer—to—peer collaboration
support
Adaptive Providing oulstomlzed
assessments tailored to the
assessment ,
learner’'s level
Adaptive Providing feedback aligned
problem-solving with the learner's
support problem-solving process
What learner information
Means (knowledge, traits, etc.) is
used for adaptation?
Which aspects of the
. Target edagogical or domain model
Adaptivity g pedagoed
are adapted?
structure -
4 The pedagogical purpose to
clements) Goal be achlevedlthrough
adaptation
The method of executing
adaptation through interaction
Strategy between the learner and the
system
Cognitive support, motivation,
Function provision of correct answers,
etc.
Feedback Timing Prior, immediate, or delayed
character- feedback
istics (4 Provision based on specific
elements) | Scheduling | conditions (time, achievement
level, efc.)
Ttypes of Informative, cognitive,
feedback affective, and dynamic.
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Table 2. Core elements and stages of Project-Based
Learning (PBL)

Category|  Content Description

Challenging | Starting learning centered on an

problem or authentic and meaningful
question problem
Sustained In-depth I.earn|r.1g t.hrou.gh g
o process of investigation, inquiry,
qury and iterative revision
Authenticity Addressing topics closely related

to real-life contexts or the field

Leamers participate with

Core | Student voice N i
decision-making power and

glements| & choice
agency
Looking back and reflecting on
Reflection the learning process and
outcomes
g | i hrough
Citique & mproving products througl
o feedback from peers and
revision

instructors

Presenting and sharing leaming
Public product| outcomes with a community or
real audience

Problem  |Presenting a challenging problem
presentation or question to investigate
) Establishing inquiry plans, role
Planning distribution, and schedules
) Conducting inquiry activities such
Inquiry & g Inddlry )
) as data research, analysis,
execution . . .
discussion, and experiments
Phases
Product Creating deliverables (projects,
creation reports, contents, etc.)
Sharing & | Presenting and sharing learning
presentation results with an audience

Evaluation & | Improving through instructor/peer
reflection gvaluation and self-reflection
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|Research procedure| | Research content ||

Research method

Research design &
analysis

Literature review
& analysis

Exploration of research trends and analysis of prior studies on Al-based
adaptive learing and PBL application.

v

v

Development of 1st

Development &
validation of initial

Development of the initial integrated model for Al-based adaptive
learning and PBL.
Verification of expert validity for the initial model (1 expert each from

model model pedagogy, instructional design, and Al education).
* Development of the 1st revised model after modification and
Supplementation.
v v

Verification of
empirical effectiveness

Class preparation

(Instructor) Design of the 'Health Education Methodology; —course
applying the integrated model, development of course materials, design
of Al courseware, data input, and generation/review of problems.

v
* Implementation of pre-surveys on Al literacy competency, college
Pre-survey student learning competency, and self-efficacy in Al courseware usage
among students before class.
v

Class operation

(Instructor) Operation of the THealth Education Methodologys course
applying the integrated model of Al-based adaptive learning and PBL.
(Learner) problem solving, execution of PBL tasks, and derivation of
results.

v
e |mplementation of post-surveys targeting students on the integrated
model regarding quantitative effects (Al literacy competency, college
Post-survey ; ! )
student learning competency, self-efficacy in Al courseware usage) and
qualitative effects (Satisfying aspects and limitations).
v

Data analysis

Verification of the empirical effectiveness of the class case applying the
integrated model of Al-based adaptive leaming and project-based
learning.

Analyzing pre-post survey results for Al literacy competency, college
student leamning competency, and self-efficacy in Al courseware usage
(Paired samples t-test).

Content analysis on the satisfying aspects and limitations of leaming
with the integrated model.

v

v

Development of final
model

Refinement of 1st
model

Modification and supplementation of the 1st model after verification.
Development of the final integrated model for Al-based Adaptive
learmning and PBL.

T8 1o ey g HA

Fig. 1. Research methods and procedures
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Table 3. Materials and components utilized in course
design and operation

K
ey Purpose of Method of
Category | materials/ -
use utilization
components
Supporting
! Pre—-diagnosis —
HM customized .g.
) provision of
AL courseware-|  leamning o
) . level-specific
materials based reflecting
content —
content | learner levels )
real-time feedback
and needs
) Enhancing )
Authentic oroblem Conducting team
PBL task | problem : projects, producing
. solving and )
scenarios | —centered ) deliverables, and
) collaboration ’
project tasks ) presentation
competencies
Prompt Promotin .
) P . ) g Recording
design, |critical thinking )
. N self-reflection after
Activity critical and o
) o reviewing,
worksheets|review of Al| metacognition .
i modifying, and
results, self-| during Al -
) refining Al outputs
reflection usage

E 4 Sl dAYg

Table 4. Core contents of instructional design

Key activ—| Instructor | Learner | Materials
Weeks| Phase ities role activity | & tools
Diagnostic|Diagnosing| Verifying a
assess— | leamners, |proficiency Hg/levsgrlg
1 Intro | ment & | guiding |level, set- (diagnostic
level anal-| leamning |ting learn— t%ol)
ysis paths | ing goals
Exploring
Foundation . personal— HM
al concept ;f&ggg ized course-
2-5| AL |leaming & Lidin " | learning ware,
re- gQ&Ag paths, learning
mediation solving  [worksheets
problems
. .| Checking
' Monitorin .
Reflecti Leaming progressg leaming .
~ check & <> | process, | Leamning
6-7|on & "~ | providing >
X self . self-  \worksheets
Esrlrrg% reflection 'fggzg;;‘(l directed
reflection
Projept
ex(?ggitéon Guiding |Conducting
selection topic team Chatgpt,
- derivation, | projects, | perplexity,
9-13| PBL feedback | creating note—-
d%rsoigaanl) on design,| content, | bookim,
cor?tent production pre- | vrew, efc.
develop- support | sentations
ment)
Pre?]eggatlo Corzgiri/rghe Presenting |
Cpnolu outcomes | evaluation, outcomes, Presentatlon
14 |sion & S P mutual | materials,
.~ 1& compre- facilitating
sharing™ - o (peer) | vrew, efc.
ensive Peer | ¢ondback
feedback | review
. Rubnc—b_as Team col-| Assessme
Attitude/par| ed as - -
L laboration, | nt rubric,
Throug ticipation | sessment, .
Manag . - self attendance
hout ement manage achieve directed | & partic—
Course ment, final| ment o e
evaluation | manage- partic Ipation
ment ipation | records
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Table 5. Measurement time points, variables, number of
items, and reliability by tool

Time M(rana:rajtre Sub-variable No. of Total e ¢
point| | ~riable items|items| Pre | Post
Social impact of 5
Al
Al implementation
IiteAalcy planning 5
f Al problem 24 | . 857
C?m_ sglving 4 il
petency Understanding Al| 4
Data literacy 4
Al ethics 2
Critical thinking & 6
problem solving
Leamning 3
strategies
Academic 7
Pre self-efficacy
& | College Learning
post | student | persistence & 5
leaming attitude 32 | 95 | 916

com- | Leaming interest | 4
petency (Academic passion| 3
Leamning
environment 2
management
Time

management & | 2
goal setting

Self-
efficacy
in Al |Self-efficacy in Al

course- [courseware usage 3 |3 828
ware
usage

Satisfaction with
Open | Al courseware
Post | -ended Areas for

questions| improvement in | 1 1 - -
Al courseware
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Table 6. Analysis of expert review opinions and
improvements by phase of the integrated model
1st Revised Final model
Phase| Initial model | model (reflecting (post-
expert feedback) | implementation)
Class Instructor: Adds "item bank| Instructor: role
prep—|designing course|  creation & expands to
aration & Al verification” to | analysis, item
courseware, the instructor’s bank
developing pbl role creation/verificati
problems, on, content
rubrics, & development,
materials and assessment
tool design
AL Al TA: Specifies Al TA: problem
proc-|  generating Supplementary | generation +
ess problems & learning steps | rubric generation
instructor based on + provision of
verification  |diagnostic results feedback
strategies
PBL Learner: Specifies Learner:
proc—| downloading & | procedures for reinforces
€ss checking pre-leaming participation in
learning (diagnostic) the leaming
materials assessment preparation
phase
Wrap-|  Diagnosing Maintains same | Differentiates
up | knowledge state structure diagnostic results
into levels
(low/mid/high) for
supplementary
learning
(remediation)
Class|  Diagnostic Adds expert | Adds procedure:
man-| problems — feedback in | question request
age- | providing results addition to — response —
ment instructor understanding
feedback PBL methods in
adaptive learning
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Table 7. Core principles of Al-based adaptive leaming
and project-based learning
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| Providing customized learning paths and
Personalization . )
. materials based on the leamer’s level,
& customization .
preferences, and achievement
Providing real-time feedback that
Response ! )
changes according to the learner's task
dependency
performance and responses
Specificity & Clearly presenting error points and
improvement | achievement gaps, and guiding specific
support directions for improvement
Promotion of Enhancing learning motivation and
motivation & | persistent participation through Al-based
engagement feedback and pbl tasks
Authentic Conducting learning centered on project
problem solving problems connected to real life
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Table 8. Core components of Al-based adaptive learning
and project-based learning

Component Key content
Data structure reflecting the leamer's
Learner knowledge level, learning history,
preferences, and goals
Designing instructional goals, teaching
Instructor strategies, Al-based problem creation,
PBL phase activities, and feedback
methods
TT:;:::;% Al TA, ai tutor, Al courseware
platform, Al-based LMS
system
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Table 9. Descriptive statistics results for pre—post
verification of Al literacy competency (N=24)
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Table 11. Descriptive statistics results for pre—post

verification of college student learning competency (N=24)
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Category M SD S K t Category M SD S K t
College _ _

. Al pre| 3400 | 0438 | 0218 | -0.688 studegnt Pre | 3859 | 0437 | -0.002 | -0.043

literacy -

com- 11.920 learning 5989
Post| 4768 | 0277 | -1.109 | -0.019 com- |Post| 4563 | 0422 | -1.004 | 0434

petency

petency

o< 001 o< 001

E10. Al 2IE{HA] G2 519 4 AMN-ALZ 18 2 t A4 Z3HN=24)
Table 10. Paired samples t-test results for Al literacy competency by sub-factor (N=24)

st 95% confidence interval of
Sub-factor M |std. deviation| = & the difference ¢ o P
mean
Lower Upper

Social impact of Al 1.033 0503 0.103 821 1.246 10069 | 23.000 000

Al implementation |y a3 | (675 0138 1,008 1668 | 10043 | 23000 | 000
planning

Al problem solving 1.198 0.580 0.118 953 1.443 10.112™ | 23.000 000

Understanding Al 1.760 0.985 0.201 1.345 2176 8757 | 23.000 .000

Data literacy 1.490 0974 0.19 1.078 1.901 7494 | 23,000 000

Al ethics 1.333 0.789 0.161 1.000 1.667 8274 | 23000 .000

‘o< 05, "p< 01, "p< 001
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Table 12. Paired samples t-test results for college student learning competency by sub-factor (N=24)

Std. error 95% confidence interval of
Sub-factor M | Std. deviation - €rmo the difference t af 0
mean
Lower Upper
Critical thinking & 1709 | g 0123 50 103 | 650" | 28 | 000
problem solving
Learning strategies 0.389 0.740 0.151 076 701 2575 23 017
Academic self-efficacy | 0.875 0.720 0.147 571 1179 5952 23 000
Leam'”gaﬁ’i‘fdfj'esmme &1 058 0.8%4 0.176 44 128 | 4868" | 23 000
Leamning interest 0.875 1.264 0.258 341 1.409 3.391" 23 003
Academic passion 0.847 1.129 0.231 370 1.324 3676" 23 001
Leaming envronment | o 375 | ggg7 0.193 - 005 775 190 | 23 | 065
management
Time management & | - 7 0776 0.158 47 1103 480" | 23 000
goal setting
‘o< 05, "p< 01, "p< 001
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Table 13. Pre—post comparison of self-efficacy in Al
courseware usage(N=24)

Category M SD S K !
Self-
efficacy | Pre | 3.847 | 0.581
in Al
course-
ware |Post| 4.903 | 0.286
usage
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Table 14. Satisfactory aspects of Al-based adaptive
learning and project-based learning

Accuracy /
source /
verification

38

| can immediately resolve
questions | had and develop
my weak points to solve
problems.
| was satisfied that it
provided a lot of content to
refine my ideas, and if |
found good supporting
evidence, it resulted in
high—-quality outcomes.

Feedback
/ person-
alization

38

| was able to acquire
knowledge and develop
content by utilizing Al more
effectively. | think | can use
it very effectively in other
subjects or personal projects
later.

sk&n Z2HE J|d

_,_
ol
ok

3t st

Table 15. Limitations of Al-based adaptive learning and
project-based leamning

AR
(keywords)|responses)| (%) student comments
It was satisfying to leamn
. about various generative Als.
L;?égn;; creating the output myselfl
under— 8 30.8 |helped me learn how tol do it.
standing | was able to use various
materials and received a lot
of help with ideas.
It was great to finish tasks
that usually take a long time
with others in a short time
Productivity using Al, and to leam
/ speed / 5 192 various Als.
efficiency | liked discovering various
ais | didn't know, and time
flew by while applying Al
myself.
The most satisfying part was
Ease of that | could easily and
use / 4 154 conveniently get what |
con— * | wanted using generative ai
venience when | faced difficulties or
needed help.
It collects and organizes
desired data within a quick
timeframe.
| was very satisfied with
Task leaming variouslgenerative
suitabilty / Al tools and being able to
. apply them to other classes
fo sgirg nal- 2 71 and studies.
ism [t was good to feel my
competency growing as a
person suitable for an
ai-filled world by leaming to
utilize Al appropriately, which
had felt vague before.
. | was able to use various
Crciasgggy / 2 7.7 | materials and (eceived a lot
of help with ideas.
| can participate actively in
Interest / the class.
motivation 5 77 | was able to engage in
|/ engage- : self-directed learning and
ment participate in the class
enjoyably.
ncoessibilty | oan immediately resolve
/ : 38 questions | had and develop
. ' ’ my weak points to solve
immediacy
problems.

Area for
improve— F{;ﬂlﬁ%;gy Pg;gn Representative
ment responses)| (%) student comments
(Keywords)|"®P °
The platform service method
of jumping straight into
quizzes seems somewhat
Productivity detrimental to learning. It
| speed 3 375 | would be more effective to
/ efficiency] display a summary of what
was studied to allow for a
review before starting the
quiz.
It would be good if it could
provide more reliable
Accuracy / information by offering
source / 3 375 accurate data.
verification Sometimes the accuracy of
the information seems to be
a bit lacking.
| hope instances where the
Usability / question is skipped without
bugs / 1 125 | selecting an answer due to
speed technical errors during
quizzes will be eliminated.
! It would have been better if
ngy // : 125 there were no Iimitatﬁqns on
limitations ’ tools requiring additional
costs.
Total 8 100.0
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