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[Abstract]

This study aims to derive design principles for a web-based system that effectively supports the
characteristics and needs of inquiry-centered instruction. To address the limitations of existing
question-support tools, which primarily focus on question generation or provide fixed templates, this study
analyzed the needs of teachers and students based on inquiry-centered instructional design guidelines and the
Electronic Performance Support System (EPSS) theory. Through a comprehensive examination of
inquiry-centered instructional design guidelines, the EPSS framework, and empirical needs analyses of
teachers and students, seven core design principles and their corresponding implementation guidelines were
proposed. The proposed design principles reflect the actual requirements of teachers and students and are
distinguished from existing tools by utilizing generative Al to enable customized question generation and
feedback provision. This study provides a theoretical foundation for establishing a digital support environment

for inquiry-centered instruction and suggests the need for further empirical validation through future research.
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I. Introduction

A2 2% APIAE o TR et L] Bl
A4H 02 Sojeln olek 53] AL Tadt A4 2
HERZ Shash E9A 202 dol, S8At g A
AHSEL A2l PAstel, Bt 2A) HAS Sete o
A oz A% D JeH12I3]. olo) ot 2024
BERE AR S S MEHOR AP A
50hE, 55 65712, §4 ILg AVgst] Rle 3
Sl 9ic. of2lat 552 Wol sy FE, Y A,
293 Aols 24| 429 FWo] ke 4o FE
2 vrgal

E3t, DA 2US @A B AE0| 55 0|30, 8
o] Aee HojRoz oE 7AF 2 Yck o)
L] FARY, Y B L8, 4o A 54 49
St 702 Belo] glom AwHoz saAbt NeY 7]
515 747] 2ok SETHS). SRl Hof LGl sy
o] Ax2 2AIE ot 1A H2E P SEA
FA|2 Ao} sto} olejgh FEo] alo] Wo| £
At 7]

A2 Y TS AR 250 AN, AR Y, WS
o cfet 48, 121 44 Qx| M2l ojolAlo] o] B
= Aol e Ajsh felo] Exjaicte]. et
sy A2 BotE YSiNE Tes] ABY R4S 3
Aot 12 ol BB A A S AARCR A
Ykl A3} 2918 Fol= WA Mefo] Wi

oleigt BAl 4R 40lH FSuE o] Y UBA

£5] ChatGPTe} 22 13 o] A

=(Generative Al),
X wao] B8A 2 THs Aol Y

193 Al
RIS 278 ol Al AT TS Wl
19 L
L.

-

il
o]

&8 52 WRL AP S o] ausoe

ok I
z o
> i

o

Q.
>
1
El
(e}
%
ik
X
o
o
A
P
~

ol ot -
bt

Mo o

eolo) 53]
meicke) gtofx
A oe
Qo) 47 ¢
A At

PAlet 2

1T}

X

D —_l
> o
oX oL

o ofk

oon
ox M
o o
o
ol
on
I
o,
il -
=
ol
b
ol
ok
= |
Dal
Pa)

ox
=
N

(a9

i)
>,

>«

)

]
o
N

o
1
i)
|o
U
&
)
e}
I

rlr

WY AZ BEslol BES 4
& 4 Y=g AU, ol
T e

Ale¥st At shict

-
U
O
woox #
31:
=
4
2
o
ol
——
=)
|t
Va)
za)

o
1)
o

II. Theoretical Background

1. Question-centered class
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IV. Research Results

k. 1. Deriving principles and guidelines for
AX A4 7 designing inquiry-centered lessons
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Table 1. Principles of Question-Centered instructional

television Design

Step Strategy Design principles guidelines

Recognize 1. Create an environment
9 where students can ask their
e the need .
Initiation own questions.

for -
) 2. Questions should be the
questions . . .
starting point of learning.

3. Vary the level and scope of

Induce .
questions.

guestion

. 4. Organize learning content
creation

. around questions.
Formulation 9

5. Let learners construct their
Write  own answers to questions.

uestions . .
q 6. Use metacognitive questions.

Step Strategy Design principles guidelines Ref
Share . 13]
. 7. Sh th .
questions Share the process of inquiry. [14]
Exoression  Support 8. Allow for diverse [27]
P uepszion perspectives on questions. [30]
q 9. Facilitate students’ mutual [33]
expression S
questioning.
10. Extend thinking through
. [21]
Response  Evaluate feedback on questions.
. —— [24]
Evaluation and 11. Use teacher re-questioning [25]
and restructure and extension strategies. [29]
Follow-up questions 12. Use questions as a tool for (31]

evaluating instruction.

2. Design principles and functions of
inquiry-centered teaching support web system
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3. Deriving Web System Development
Implications through Requirements Surveys
1.1 Instructor needs analysis
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1.2 Learner needs analysis
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Table 2. Results of item internal consistency reliability
analysis

Number Reliability
Items of Current Required
items level level
Overall reliability 25 967 964
Knowledge of 12 909 931
Reliability questions
b Question production,
y. use and evaluation 12 933 929
domain }
functions
Question attitude 5 .906 .808
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Table 3. Final configuration of the measuring tool

Area Items

1. I know why it is important to ask questions.
2. I know why questions are needed when learning.
3. I know why questions are needed when living
life.
. I know various ways to create questions.
knowledge 5. I know how to create questions necessary for
of the inquiry.
question 6. I can ask questions so that the listener can
easily understand what I am curious about.
7. 1 can create questions from various materials
[ usually study.
8. I can create questions while thinking about why I

N

am asking questions.
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Area Items

9. I can judge whether the answer I found is
appropriate for the question.

10. I can find the answer by thinking about the
content of the question.

11. I can ask questions to actively participate in class.

12. I can ask questions to find out what others

Question L
roduction are thinking.
P .. " 13. I can ask questions to reflect on the learning
utilization,
process.
and

14. 1 can judge what questions I ask.
15. I can judge what questions are important.
16. I can evaluate what questions are effective.
17. 1 ask questions confidently.
18. I ask questions with curiosity and keep asking
questions.
19. I ask questions to solve problems with others.
20. I think I am good at asking questions.
21. 1 think the questions I make are helpful for
learning.
22. 1 think the questions I make are helpful for
Questioning solving problems.
Attitude  23. I think the questions I make are helpful for
sharing opinions with others.
24. 1 listen carefully to other people's questions.
25. T listen with empathy to other people's questions.

evaluation
skills
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Table 4. Mean, standard deviation, and rank of students'
current and required levels of questioning ability

Required Level Current Level
Rank Avg SD Rank Avg SD

Area Items Gap

5 452 066 15 412 090 0.40
15 440 0.73 24 395 0.87 0.45
13 444 073 12 4.7 0.83 0.27

1 15 440 076 6 431 086 009

2 9 446 066 4 436 076 0.10

3 18 438 073 4 436 074 002

k”gfwi‘f]dege 4 9 446 067 13 415 088 031

. 5 15 440 075 21 402 095 038
question 5
7
8

A It Required Level Current Level Ga
rea ems Rank Avg SD Rank Avg SD .

9 8 448 074 10 421 081 0.27

10 3 454 066 9 425 0.85 0.28

11 4 453 067 3 437 086 0.16

Question 12 19 437 078 17 409 089 0.28
production, 13 7 451 061 11 419 0.86 0.32
utilization, 14 9 446 068 8 427 0.77 0.19
and 15 14 441 075 7 429 086 0.12
evaluation 16 21 432 080 22 401 0.92 0.31
skills 17 5 452 059 18 408 0.95 044

18 24 430 082 23 396 1.03 0.34

19 12 445 070 19 4.03 1.03 0.42

20 25 417 090 25 378 1.03 0.38

21 23 431 084 15 412 093 0.20

Questioni 22 19 437 077 19 403 098 034
“Ae;it"’;“”g 23 21 432 080 13 415 091 0.18
Y9 T4 1 467 063 1 443 088 024

25 2 457 067 2 439 0.81 0.18
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Fig. 1. Material matrix of focus by demand level
average and demand level—current level difference
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Table 5. Borich needs by item, quadrant of focus,
priority items

Borich Demand Focu; Priority
Area Items . material .
Demand Ranking items
guadrant
1 0.39 24 3
2 0.43 23 4
3 0.09 25 3
knowledge of 4 1.39 10 1
the question 5 1.69 5 2
6 1.78 4 1 *
7 2.00 1 2
8 1.22 14 1
9 1.22 14 1
10 1.26 12 1
11 0.70 21 4
Question 12 1.26 12 2
production, 13 1.43 9 1
utilization, 14 0.83 18 4
and 15 0.52 22 3
evaluation 16 1.39 10 2
skills 17 1.96 2 1 *
18 1.52 7 2
19 1.87 3 1 *
20 1.69 5 2
21 0.87 17 3
Q . 22 1.52 7 2
Yeoton"® 23 078 19 3
24 1.04 16 4
25 0.78 19 4

V. Design Principles and Functions of
Inquiry-Centered Instructional Support
Web System

1. Design Principle Proposal
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Fig. 2. Process and results of deriving design principles draft
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Table 6. Design Principles and Functions of
Inquiry-Centered Instructional Support Web System

Principles Design Principles Guidelines DB
(@ Guidelines for designing inquiry-based lessons, @ EPSS,
@ Faculty needs analysis, @ Learner needs analysis
Design principle guideline 1. Support the

guestion creation environment

Guideline 1-1. Create an environment

where students can voluntarily create
questions

Support _
tphpe @D Recommend open-ended question
question ©X@mples appropriate to the situation ll o o 18
creation and provide a ‘question practice
; template’ that allows students to
environment

practice questioning activities
@ Equipped with a question writing tool
that automatically generates sentence
structures when the purpose, context,
and target of the question are selected
Design principle guideline 2. Design a
guestion-centered learning flow
Guideline 2-1. Organize the flow of the
class around questions and naturally
Question- connect it with follow-up activities
centered (D Organize the question sequence for a
learning each class unit and implement a ﬂﬂ
flow function to recommend materials and
design activities accordingly
@ Provide a question flow-type lesson
plan template that changes the way it
unfolds depending on the student’s
guestion
Design principle guideline 3. Support
question level diversification and
thinking expansion
Guideline 3-1. Classify question types
according to various cognitive levels and
Question provide generation tools
diversificati @ Provide sentence examples and ..%
on and composition guides for factual,
expansion conceptual, and argumentative
question types
@ Implement an ‘extended question
suggestion tool” function that suggests
re-questions based on teacher input
Support for self-directed inquiry
Design principle guideline 4. Support
self-directed inquiry
Guideline 4-1. Allow students to ask
questions, explore, and design their own
learning paths

Support - -
?:r @ Induce learning reflection through a
- the question log recording function and B H
self-directed . .
inquiry the question resolution process

visualization function

@ Structure inquiry activities through
the question purpose setting,
exploration path saving, and reflection
feedback functions

Principles Design Principles Guidelines DD

(@ Guidelines for designing inquiry-based lessons, @ EPSS,
® Faculty needs analysis, @ Learner needs analysis

Design principle guideline 5. Encourage
collaborative question sharing
Guideline 5-1. Provide a device that
allows students to share question
Cooperation activities and provide mutual feedback
-based (@ Promote interaction through the H
question question sharing bulletin board, similar E
sharing question recommendation, and student
comment functions
@ Support the function of organizing
group question workshops during
classes

Design principle guideline 6. Provide
customized information and feedback
Guideline 6-1. Provide appropriate
guestion examples and feedback
strategies by subject and level
@ Provide examples automatically K
pnE
classified by age appropriateness,
thinking level, and question type based
on subject and topic selection
@ Suggest personalized question
strategies and feedback based on
learner question data

Provide
customized
information

and
feedback

Design principle guideline 7. Create an
intuitive and accessible user
environment
Guideline 7-1. Intuitively design the
interface so that users can easily
Intuitive operate the system
interface M The main screen prioritizes only (214
and role-oriented functions by
accessibility learner/teacher mode and minimizes
unnecessary menus
@ Lower the barrier to entry to the
system by providing function
descriptions, guided tours, and

favorites functions
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Fig. 3. Functional Flow of Al-Based System Modules

2. Expert Validation Review
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Table 7. Basic information of the expert group

serial . Educational Highest .
Position . Level of Major
number Experience .
Education
Computer
Professor 10 years PhD Education
Computer
Professor 15 years PhD Education
Content Computer
Expert Doctor 14 years PhD Education
16 years Computer
Doctor 3 months PhD Education
16 years Computer
Doctor 5 months PhD Education
Senior 27 years Masters science
Teacher 5 months education
Senior 38 years Elementary
Teacher 5 months Masters Education
Field Senior 41 years Masters Educational
Expert Teacher 6 months Administration
Vice 23 years Bachelor's Elementary

Principal 4 months degree Education

YIC? 28 years Masters Elementgry

Principal Counseling

Wgelde A4t FE7 A sl A fe) U
8ol EEIAl] Ol HES ARt ) elo] el
A7 AEL 54 A2 SelEs ARl UsHuE
ABAIZ ST W AAR A ) AEt AE
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Table 8. Design Principles Expert Review Items

Area Questions
1. It is a valid design principle that can be
Validity reviewed in the design of question-centered

class support applications.

2. It well explains the principles that should

Explanator . . ) .
planatory be reviewed in the design of question-centered

power L
class support applications.
3. It can be usefully utilized in the design of
Usefulness . L
question-centered class support applications.
. 4. 1t can niversall lied in th ign of
Catholicity can be universally applied e design o

question-centered class support applications.

5. It is expressed in an easy-to-understand
Understanding manner for use in the design of
question-centered class support applications.

Validity of 6. The core elements that should be addressed
connection in the design of applications are appropriately
between organized.
design 7. The sub-elements presented for each
principles component are appropriately organized.
A7t AE A CVI Al 08 oj4fe] A4E asst
TS A 2|2 ARESHIAL ST WEEGEE 4

2E A e AR 289 CVT Al 90 oFgoz =RIE|R]
ok A d2fe] WEETE Ao Table 92 ATt

Table 9. Content validity of design principles

Design Principle Questions Mean CVI

1 47 10
2 4.6 10
3 44 9
Support the question creation environment 4 47 10
5 47 10
6 4.6 10
7 43 9
1 47 10
2 48 10
3 48 10
Question-centered learning flow design 4 47 10
5 44 9
6 44 9
7 45 10
1 47 10
2 4.6 10
3 44 8
Question diversification and expansion 4 47 10
5 4.6 10
6 4.6 10
7 43 9
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Design Principle Questions Mean CVI
1 47 10
2 46 10
3 45 8
Support for self-directed inquiry 4 46 9
5 48 10
6 46 10
7 45 9
1 46 10
2 45 9
3 46 10
Cooperation-based question sharing 4 47 10
5 49 10
6 45 10
7 46 10
1 48 10
2 48 10
3 45 9
Provide customized information and feedback 4 48 10
5 47 10
6 46 10
7 46 10
1 49 10
2 48 10
3 47 10
Intuitive interface and accessibility 4 47 10
5 46 10
6 48 10
7 48 10
VI. Conclusion
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