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A Study on the Design and Development of
Generative Al-Based Question-Centered Courseware
for Instructional Support
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ABSTRACT

This study aimed to design and develop a web-based question-centered
courseware (Q-Class) utilizing generative Al to support elementary students’
self-directed question generation and collaborative inquiry activities. A
design-based research method was applied, and iterative improvements
were made through expert Delphi surveys and usability evaluations with
students, resulting in three prototype versions. The findings indicated that
Q-Class effectively provided practical support for students to independently
generate, share, and explore questions through Al-based question generation
and feedback, mind map visualization, collaborative question games, and an
intuitive user interface. In addition, teachers were able to monitor and analyze
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lesson planning and feedback. This study offers practical implications for
designing question-centered learning tools based on generative Al and suggests
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Table 1. Basic information of the expert group
serial .. Educational Highest Level .
Position . . Major
number Experience |of Education
Professor 10 years PhD Comp uter
Education
Computer
Professor | 15 years PhD Fducation
Content Computer
Expert Doctor 14 years PhD Education
N 16 years Computer
Docror 3 months PhD Education
16 years Computer
Doctor 5 months PhD Education
Senior 27 years science
Teacher 5 months Masters education
Senior 38 years Elementary
Teacher | 5 months Masters Education
Field Senior 41 years Master Educational
Expert Teacher 6 months SIS Administration
Vice 23 years Bachelor's Elementary
Principal | 4 months degree Education
Vice Elementary
Principal 28 years Masters Counseling
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Table 2. Web system overview

Category Technical Name Role
Framework Next.js 14 SSR and routing
processing
Language TypeScript Stable type management
Automatic question
generation, exploration
Al Service OpenAl GPT-40 API | recommendation, lesson
design, personalized
feedback provision
Backend/  [Firebase Authentication/| User authentication and
Data Firestore real—time data processing
Deployment/ Vercel /Firebase Stable distribution and
Analysis Analytics user activity analysis
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Figure 1. Landing page
(Provides an overview of the platform’s purpose and main features for

new users.)
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Figure 2. Student dashboard
(Displays students’ recent activities, question statistics, and quick
access to core functions.)
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Figure 3. Question generator
(Enables students to create questions manually or with Al assistance,
and receive feedback.)
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Figure 4. Inquiry inquiry activity
(Supports step—by—step scientific inquiry processes based on student—
generated questions.)
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Figure 5. Share questions

(Allows students to post and view questions in different categories and
interact with peers.)
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Figure 6. Question play
(Facilitates collaborative question chaining activities through turn—
based student responses.)
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Figure 7. Teacher dashboard
(Summarizes classroom—level activity data and highlights student
contributions requiring feedback.)
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Figure 8. Question—centered lesson design
(Supports teachers in planning lessons using Al-generated questions
aligned with curriculum topics.)
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Figure 9. Student management
(Provides access to individual student profiles, activity logs, and
question preference analytics.)

&7 Ho| A= Fig. 103} o] wAf 2k = wAfe}

4y J
St oItk WA ApAlo] A2 29 AR 3 %
22 JRSaY AT P2 2RY 5 on] o2 o
gl Fulol WS AIZS Wokstal AR B8O ABYS
5t

BELEEN

=2 B

sz

) CFAT) (9 (A () () () ) ) )

Figure 10. Question material
(Offers teachers a space to upload and manage instructional resources
related to student questions.)
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Figure 11. Question play management
(Enables teachers to monitor and guide student participation in
question—based learning games.)
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Table 3. Validity assessment items for prototypes

Area Questions
. D_.eSIgn 1) It was developed to reflect the design principles of
principles and
> S each area well.
connectivity

2) It is a tool that helps solve problems that occur
during question—centered classes.

3) It is a tool that improves teachers' question—

Effectiveness
centered class performance.

4) Tt is a tool that improves students' question—
centered class participation.

5) It is a tool that saves time and money required to
obtain question—centered class materials.

6) It is a tool that saves time and money required to

Efficienc . . )
Y obtain question—centered class strategies.

7) It is a tool that saves time and money required to
analyze learner information.

8) It is an attractive tool for members of question—
centered classes (teachers and students).

9) Many teachers who conduct question—centered

Attractiveness s L
classes will utilize the application.

10) Many students who participate in question—
centered classes will utilize the application.

11) It can be implemented as a web or mobile app.

Realizability — ;
12) It is suitable as a web or mobile app.
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Table 4. Results of the first Delphi survey

Area Q |[CVR| M | SD | MD | CV | CS

Design principlesand |1 g ¢ | 45 | 066| 5.0 | 0.38 ] 0.85
connectivity

2 | 0441|104 45 088061
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5] 1 | 45050] 45| 050]078

Efficiency 6 | 1 |45050] 45 |050]078
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Figure 12. Create your own questions
(Allows students to formulate and categorize their own questions
without Al assistance.)
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Figure 13. Al feedback and warning message
(Provides automated feedback on student—generated questions with
guidance for responsible Al use.)
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Figure 14. Mind map view
(Visualizes question connections in a radial layout to support divergent
and convergent thinking.)
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Table 5. Results of the 2nd Delphi survey
Area Q |[CVR| M | SD |MD | CV | CS
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Table 6. Usability Evaluation Results

Questions M | SD
1) I want to use this web often. 356 1.19
2) 1 think this web is easy to use. 3.90 | 1.00

3) Various information and data stored on this web

are well integrated and provided. 384 L1
4) Information and materials stored on this web will 403 1.15
be able to be learned quickly. : ’
5) The various information and materials provided by

: 4.13 | 1.00
this web are easy to understand.
?) This web is sp}table for use in inquiry—based 416 1.05
classroom activities.
7) This web provides practical strategies for inquiry— 397 1.09
based learning. ) ’
8) This web provides various information to students 410l 115

participating in inquiry—based classes.

?ﬁih'sf.hmk using this web will improve my questioning 4031 1.09
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