International Journal of Digital Society (IJDS), Volume 16, Issue 1, 2025

Al-Driven Instructional Design of Digital Textbooks for Computer Science
Education: Supporting Teachers and Personalized Learning

Eunsang Eom!, Jongkook Kim?, Eunseo Lee?, Cheolil Lim?, Haeun Choa*, Dukhoi Koo*,
Kiyoung Park'! and Subin Kim'
Team Monolith!, Korea Universityz, Seoul National University3
Seoul National University of Education®
South Korea

Abstract

The purpose of this study is to propose an
instructional model that improves high school first-
year classes by applying the principles of Cognitive
Load Theory to the key features of the Codle Al
digital textbook (e.g., AI Tutor, Al Quiz Generator,
Course Recommendation, Learning Dashboard). The
proposed model is structured in a three-phase
format—Introduction, Development, and Conclusion
—based on the theoretical framework of intrinsic,
extraneous, and germane cognitive load. The
methodology involved applying the Codle platform to
an actual class and conducting qualitative interviews
with first-year students at a general high school to
explore the effectiveness of the model. The main
findings indicate that features such as the Al Tutor
and Course Recommendation reduced confusion,
adjusted task difficulty to appropriate levels, and
increased self-directed learning through immediate
feedback. These results suggest that the structured
integration of Al digital textbook functionalities can
optimize students' cognitive load and enhance
learning engagement.

1. Introduction

In the field of education, the introduction of Al-
powered digital textbooks aims to realize
personalized learning tailored to each learner's level.
In South Korea, starting in 2025, Al digital textbooks
will be gradually introduced across core subjects—
English, Mathematics, and Computer Science—for
students in elementary grades 3—4, middle school
grade 1, and high school grade 1. The policy,
encapsulated in the slogan “Five million textbooks
for five million students,” reflects high national
expectations for individualized learning. In this
policy context, Codle was developed as a
representative platform that integrates Al technology
into the high school curriculum, particularly in
computer science. Codle was designed in alignment
with the national curriculum and digital textbook
guidelines and aims to reduce teacher workload,
support personalized learning, and foster Al literacy.

Codle offers three main functions. First, the Al
Quiz Generator automatically creates level-specific
practice questions based on uploaded materials,
easing teachers’ assessment preparation and
providing students with preview or review quizzes.
Second, the AI Tutor provides real-time feedback
during coding exercises and problem-solving
activities, acting as a personal assistant for students
even in large classrooms. Third, the Course
Recommendation feature analyzes quiz and task
performance to assign personalized learning paths by
categorizing students into advanced, intermediate, or
foundational levels. Finally, the Learning Dashboard
allows teachers to monitor students’ learning data
and deliver individualized feedback and support.
These functions support personalized learning across
all stages of instruction—planning, execution, and
assessment.

However, simply integrating new Al tools does
not automatically lead to improved learning
outcomes. Without appropriate instructional design,
digital resources can introduce unnecessary cognitive
confusion. Overwhelming information or poorly
structured interfaces may overload students’ working
memory, reducing learning efficiency. Thus, to
maximize the impact of platforms like Codle,
instructional strategies that align with human
cognitive architecture are essential. This study
applies Cognitive Load Theory [1] to develop an
instructional model that integrates Codle’s Al
features into traditional lesson phases (Introduction—
Development—Conclusion), with the goal of
regulating and reducing cognitive load. Furthermore,
the model was piloted in an actual high school
classroom and qualitatively analyzed based on
students’ experiences to explore its educational
impact and areas for improvement.

2. Literature Review
Cognitive Load Theory (CLT) posits that learners

have limited working memory capacity and that
effective instructional design must manage the
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cognitive demands placed on learners [2]. According
to the theory, cognitive load can be classified into
three types: intrinsic cognitive load, which arises
from the complexity and inherent difficulty of the
content; extraneous cognitive load, which results
from poor instructional design such as disorganized
information or unclear explanations; and germane
cognitive load, which refers to the mental effort
invested in processing, integrating, and constructing
new knowledge (i.e., schema development).

Effective instructional design seeks to regulate
these three types of cognitive load. Intrinsic load
should be managed by matching the content
difficulty to the learner’s level and presenting it in
sequenced steps. Extraneous load should be
minimized by eliminating unnecessary information
and optimizing how content is presented. Germane
load should be enhanced by activating prior
knowledge, encouraging self-explanation, and
providing timely feedback. CLT has been widely
validated through applications in multimedia
learning and problem-solving education and is
increasingly applied to e-learning and Al tutoring
systems.

Meanwhile, recent studies have examined the
impact of digital textbooks and Al tutors on learning.
The Korean Ministry of Education has identified key
functions for next-generation digital textbooks,
including Al-based learning diagnostics and analysis,
adaptive learning paths, and learner-centric
interactive content. These functions have been
implemented in platforms like Codle. Lee and Ahn
[4] analyzed current Al education services and
identified core technologies such as personalized
learning, Al-based assessment and feedback, and
learning data analytics. These are critical for
managing cognitive load by adjusting task difficulty
and delivering instant feedback.

Al-based intelligent tutoring systems have been
shown to increase engagement and reduce learning
delays by providing individualized, real-time
assistance. In one large classroom application,
students reported improved participation and reduced
wait time as the AI tutor provided on-demand hints,
much like a personal tutor. Furthermore, the Course
Recommendation function helps assign tasks aligned
with each student’s performance level—enrichment
for high-achievers and foundational support for
struggling learners—thus mitigating inefficiencies
from mismatched task difficulty.

In  summary, although prior research
demonstrates the utility of individual Al functions in
educational contexts, few studies have integrated
these functions into a comprehensive instructional
model grounded in CLT. There is a notable lack of
structured frameworks for how AI tools can be
pedagogically deployed throughout lesson flow. This
study addresses that gap by proposing and validating
an integrated, theory-driven instructional model for

Al-enhanced digital textbook usage.

3. Methodology

Model Design - This study designed an
instructional model based on the Al digital textbook,
structured to regulate cognitive load. The model
follows the conventional three-phase instructional
sequence of Introduction — Development -
Conclusion, with core Al-based supportive functions
mapped to each phase to manage intrinsic,
extraneous, and germane cognitive load. The
instructional plan utilizing the AIDT was designed as
follows.
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Introduction Phase

In the introduction phase, Al Digital textbook
platform AI Quiz Generator is used to activate
students’ prior knowledge and enhance motivation.
Teachers input core concepts or key summaries, and
the system automatically generates personalized pre-
lesson quizzes tailored to each learner's profile.
These formative quizzes help students recall
foundational knowledge while enabling teachers to
quickly diagnose learners’ prior understanding.

aoyuc @ sway oom @)

1. | 2mEworun avesnt

What toals are available for installing Linux?

b2Cading o
2 Visusi Studio Code
s Terminalapp °

4 Libreoffice

Figure 1. A quiz generated by Al

PDF Create a
start Analysis problem

Al generated quiz
Quiz activity

Your quiz has been created successfully!

Please make sure the generated quiz is properly created.

Shorteut

Figure 2. Create a review quiz with Al

Immediate  Al-generated feedback  allows
students to recognize correct conceptions and
identify  misunderstandings, thereby reducing
extraneous cognitive load caused by uncertainty or
lack of preparation. In parallel, the board feature
enables real-time opinion sharing, where students
engage in brief discussions related to the topic,
promoting active cognitive engagement.

Teachers may also monitor student contributions
using the live collaboration board, supporting
diagnostic insight at the outset of instruction. This
enables CSCL (Computer-Supported Collaborative
Learning) in computer science education [3]. These
tools ensure that learners enter the lesson with
activated schema and a clear cognitive focus on the
learning objectives.

"4 What are some ways to organizs dats st
- mtimnd faster?

Figure 3. The live collaboration board
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Development Phase

The development phase centers on personalized
learning and adaptive scaffolding through Codle’s Al
Tutor, Course Recommendation system, and real-
time monitoring dashboard.

During programming tasks, the Al Tutor provides

] x Fie Edit View FRun Settings

Open class B ¥ Input and Dutput Applieatior X 1§ Calculate BMI (Body Mass Ir X

° a
Input and Output (1)
2. Tancring matersis

w

. Leam by following examples

Calculating BMI (Body Mass Index)

real-time, context-sensitive feedback.

When learners encounter Python errors, the tutor
offers natural language explanations and guides them
step-by-step—not by giving direct answers, but
through strategic hints that promote self-regulated
problem-solving.  This scaffolding minimizes
unproductive struggle and encourages productive
cognitive effort.

¥
Let's write a program to calculate BMI (body mass 2+ cotculate ma
; ; ] e 7 on f m s
O Pyt index) using standard input and output. | = (e om s om T deese
. + What are some functions that can take standard input? 11 print(“Vour BT 13 %.2f" "please write the code”)
& Leamn by following examples
e © Youcan use the input() function to get standard input.

- How do | input numbers in the input() function?
© Integer input: intfinput())

() T, 2ppiving the code
& Pythen = Floating point input: float(input())

ration: Creating a Book Journal ~

[ Execution results
m Exploration: Greating a Book Journal
T hctetysheat
# Enter your height
. Making a Book Record Book_Practice & 0 Sk T din e
# Enter your weight
) kg - *plasse write the code®
@ Creating a Book Record_Evaluation
# calculate BHT
GMI - (kg / m / cn) * 10000
& Fork in the Road v
# Print the result - rounded to 2 dectmal places
print("Your BMI is %.2f" *please write the code®)

// How to print in Python

One of the ways to output in Pythen %d, %s, %f Using Formatting There s this.

Formatting corresponds to each location Function to output variable values

insteadam

Using formatting when outputting in Python makes your code more intuitive and

readabie.

* How do | print using formatting?

= print{‘Your BMI is %.2(. % variable name)
* %d, %s, %f What are its characteristics?

o %d : Used when printing integers.

5 Basat 0 shaiaten co0e | b Exscuns | W Stop

In[1], line 2 cm = “please write

Error helper © PEM N TIH) T g
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and kg, and in the calculation and print statement
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You need to replace the placeholders “please

Load model
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custom issues
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Figure 4. Error correction feedback of Al tutor

2. Look at the code below and answer the question *

=

play sound Meow + until done

When | was watching the program's output, | heard the sprite make a 'Meow' sound.

Can you explain why this happened?

Because of the code is doesn't work

Ask the Al Tutor  [K0}

Activity Sheet Helper

4, @Lookat the code below and answer the uestion

Michelle, you did a good job writing your
answer. However, you could have been a little
mere grammatically clear. Also, you should
have explained why you made the sound
‘Meow' in your question.

Hint: Think abeut which block or command in
the code makes the 'Meow' sound. For
example, was there a command like "play
sound ‘Meow"? Follow the flow of the code
and explain where the sound is made.

Figure 5. Real-time feedback in activity
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2. Teaching materials.

@ ) Exploration: My Own Ramen Rec... v

B My own ramen recipe algorithm_eval... 1. Rate (10 points)
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Fork in the Road ~ Can the prablem-solving process of everyday = o
o ! life be expressed as an algorithm? f@ﬂ@ @ @

Complement basle LS ) Can algorithms be designed efficiently by @ oo » @
o Learning basic concepts utilizing various contral structures? i

Figure 6. Course recommendation
Course recommendation engine analyzes real- supplementary materials (e.g., videos, concept
time performance data to adaptively assign reviews) for those who need more support.

enrichment tasks for high-performing learners or

o Fork in the road recommendation x

Complete the quiz activity and receive a
suggested supplementary fork in the road

Go to study

Figure 7. In-class foundational support for struggling learners

e Throughout this phase, the teacher-facing ensuring alignment between instructional goals and
dashboard visualizes student progress (e.g., time- learner needs.
on-task, error frequency, completion rates),
enabling data-informed decision-making and Conclusion Phase
timely intervention. This adaptive structure helps
maintain an optimal level of intrinsic load while In the conclusion phase, Codle supports
avoiding both overload and disengagement, reflection, consolidation, and forward planning
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model

through a combination of student and teacher tools.

e Students complete end-of-lesson quizzes, and any

incorrect responses are compiled into their
personalized “Study Room,” where they can
review, retry, and ultimately master the missed
content—facilitating germane cognitive
processing.

| person  Bo-99%

3 people

Profile name

11301 Kim Da-on 100% 100
11302 Kim Seo-rin 80% 80
11203 Park Da-eun 60% 60
11204 Park Min-ji 30% 30/
11305 Song Ha-yul 0%
>

11306 Yo 80% 8O

80
11307 Inayean 60%

60%
11308 1siah 60%

20%
11309 Jeong Ye-bin  90%

809
11310 Choi Ha-yoon  80%
11211 Park Ye-in 0%
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Teachers access the learning dashboard to review
class-wide and individual learning outcomes,
enabling automated individualized feedback
delivery. Through the Achievement Board
(student-facing, teacher-facing) and Leaderboard
(teacher-facing) dashboards, both learners and
instructors visualize progress and achievements.

Figure 8. Leaderboard (teacher-facing)

11302 We analyzed student Kim Seo-rin's
achievement board achievements!

A
[{"=*) Al Analysis Talk
®

11302 Kim Seo-rin, looking at the current learning content, you are showing good results in the

of ‘object ) and ‘security " However, you are still

lacking in ‘control structure concept' and 'data type (concept, type, implementation)' | think you should facus more on studying these areas. There are still many parts left in the algorithm and
programming section, so if you work a little harder, you will see good results. | believe you will continue 1o show us good results!

“*Al Analysiz Talk is automatically generated by generative Al based on learning data, Please use It as referance material, but

75

pieces

I'm sharing my thoughts with my friends a lot!

0O pes

Figure 9. Achievement board
(student, teacher-facing)

15 e e
e Finally, teachers engage in post-lesson
instructional reflection using Codle’s data
insights, planning prescriptive pathways for

future learning based on performance data. This
includes assigning individual tasks and adjusting
subsequent lessons to better meet student needs.

4. Results

Qualitative interview results revealed several
positive effects of the Codle-based instructional
on students’ cognitive load. Students’

responses are summarized below according to the
main Codle features used:

4.1. Experience with the AI Quiz Generator

(Introduction Phase)

Students responded that the Al-generated quizzes

given before class helped them better understand the
lesson. One student shared:

“By taking the quiz beforehand, I realized what 1

didn’t know, so I was more focused during class.’
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Another mentioned that the quiz sparked their
curiosity, saying:

“After getting the quiz right, I wanted to learn more
in class.”

Overall, the pre-lesson quizzes contributed to
increasing engagement and reducing the initial
confusion often felt at the start of a lesson.

4.2. Experience with the AI Tutor
(Development Phase)

Almost all students reported positive experiences
with the AI Tutor. Particularly during coding
exercises, students appreciated the real-time hints.
One student remarked,

“When error messages in English came up, the Al
Tutor explained them in a way I could understand.”

Another said,

“I fixed my mistake right away and moved on
without wasting time.”

Students liked the fact that the AI Tutor
encouraged them to think for themselves rather than
giving direct answers. This support reduced
cognitive frustration and increased self-efficacy.

4.3. Experience with Course
Recommendation (Development Phase)

Students responded positively to the personalized
tasks provided by Course Recommendation. High-
performing students appreciated the challenging
additional tasks, while those needing support were
relieved to receive simpler explanations and review
materials. While some students initially felt
uncomfortable receiving different assignments from
their peers, they soon understood the rationale. Most
students reported increased focus and task
immersion. One even described the experience as:

“like playing a learning game.”

4.4. Experience with the Learning Dashboard
and Review Activities (Conclusion Phase)

Students found it meaningful to visually check
their learning progress and receive feedback through
Codle’s dashboard. They commented:

“I could see exactly what I understood and what 1
didn’t,” and “It was fun, like checking a game

scoreboard.”

Many used the Al explanations and teacher

comments to review missed questions independently.
One student said:

>

“The content matched my level, so it felt doable,’

indicating reduced burden and increased autonomy.
While a few students expressed concern about seeing
others’ scores, most were not negatively affected.

4.5. Summary

Student interviews confirmed that the proposed
instructional model has the following effects in terms
of cognitive load:

e Reduction of extraneous cognitive load: Clear
guidance and real-time hints minimized
confusion and frustration.

e Adjustment of intrinsic cognitive load: Tasks
were matched to students’ levels, maintaining
optimal cognitive effort.

e Promotion of germane cognitive load: Feedback-
driven thinking, self-assessment, and increased
autonomy  encouraged  deeper  cognitive
engagement.

These findings support the effectiveness of the
Codle-based instructional model in enhancing
learners’ cognitive processing efficiency.

5. Discussion

The Codle-based instructional model proposed in
this study is evaluated to have high theoretical
validity from the perspective of cognitive load
theory. First, the Al tutor’s immediate feedback, Al
quiz-driven pre-learning stimulation, and dashboard-
based personalized feedback all contributed to
reducing extraneous cognitive load. Students were
able to stay engaged in learning by receiving clear
guidance  without confusion or unnecessary
repetition.

In  addition, Codle’s level-based  task
recommendation feature adjusted to the learner’s
level without excessively increasing intrinsic
cognitive load, thereby reducing the likelihood of
task abandonment. This design helps minimize
working memory overload and allows learners to
focus on achievement.

Positive responses were also observed regarding
germane cognitive load. Learners were encouraged
to think through hints rather than simply being given
the correct answers, and many were seen planning
their own learning based on feedback even after
class. This positively influenced schema formation
and the activation of metacognitive strategies,
contributing not only to cognitive growth but also to
enhanced self-efficacy and affective attitudes.
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This instructional model organically integrates Al
technology while maintaining the traditional
structure of classroom instruction (introduction—
development—closure), showing high potential for
application in educational settings. From the
teacher’s perspective, Codle’s features reduce the
burden of lesson preparation while enabling real-
time diagnosis and feedback, thereby improving both
feasibility and efficiency. For students, it has been
shown to enhance engagement, a sense of challenge,
and self-directed learning.

6. Conclusion

In conclusion, this study demonstrates that
systematically integrating Al digital textbook
features with Cognitive Load Theory across
structured lesson phases can effectively optimize
students’ cognitive processing and learning
engagement in high school computer science
education. The Codle-based instructional model
shows that Al tools—when guided by sound learning
theory—can support adaptive scaffolding, self-
regulated learning, and teacher efficiency without
disrupting traditional classroom practices. By
extending the applicability of Cognitive Load Theory
to Al-enhanced learning environments, this research
offers a theoretically grounded and practically
replicable framework for the effective pedagogical
use of Al digital textbooks. As educational systems
increasingly adopt Al-driven technologies, such
theory-informed instructional designs will be
essential to ensure meaningful and sustainable
improvements in teaching and learning.

7. Future Works

Reliability of Al Feedback: Some hints were
found to be inaccurate, indicating the need for
teacher monitoring and  correction.  Future
improvements in the Al model and the design of
teacher-platform collaboration are necessary.

Teacher Workload: Initial time investment is
required for reviewing and grading open-ended tasks,
dashboard use, and real-time monitoring. Teacher
training and improvements in usability are essential.

Technological Accessibility: Availability of devices
and network conditions can affect instructional
effectiveness. Efforts to improve infrastructure and
support students' digital literacy are required.

Future Research Suggestions: Follow-up studies
should include controlled experiments and expanded
applications across various subjects and grade levels
for deeper exploration.
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