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ABSTRACT

This study designed an Automatic Item Generation (AIG) framework based on the linkage
between achievement standards and National Competency Standards (NCS) to enhance the
evaluation validity and field suitability of specialized subjects in vocational high schools
under the 2022 Revised National Curriculum and the High School Credit System. Applying
the Design Science Research Methodology (DSRM), the research process encompassed
core element derivation, dataset construction, prototype demonstration, and expert
validation. Furthermore, Webb’s Depth of Knowledge (DOK) model was employed to refine
the criteria for item types and difficulty levels. The primary achievement of this study
lies in the implementation of a dual-loop structure that integrates Retrieval-Augmented

e iim% St CHor asetar Sf Generation (RAG)-based evidence provision (outer loop) with teacher feedback-driven quality
< improvement (inner loop). This approach is significant as it mitigates the hallucination issues

el etmu et HA IR D SCeE inherent in Large Language Models (LLM) and provides a concrete design alternative to
M ensure the educational validity and reliability of vocational evaluations from the perspective
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Table 1. Research procedures
step Core Goals Main activities

—Interviews with vocational high school
teachers (4 people)

—Identifying the limitations of automatic
question generation research through
literature analysis.

Identifying field
@ | issues and deriving
research needs

Deriving design
requirements

@ for an Al-based

question generation

—Interviews with vocational high school
teachers (4 people)

—Deriving functional and non—functional
requirements for the framework

framework
Design and
prototype —Building a dataset
® development of | ~Framework structure design

—Implementing a prototype based on the
framework draft

an automatic
question generation
framework

—Vocational High School Teacher Survey
(4 people): Prototype Usability Review
—Deriving improvements to the draft
framework

—Survey of vocational high school

Validation of the
@ | framework's validity
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Table 2. Study participants

Participants Field of study Experience in major field
Teacher 1 survey 22 years
Teacher 2 survey 18 years
Teacher 3 survey 14 years
Teacher 4 survey 12 years
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Table 3. Key Elements for Designing the AIG Framework

area Key elements

1. Achievement standards
2. Practical Context (NCS Learning Module)
3. Question type
4. Difficulty

1. Consistency of achievement standards
2. Reflection of practical context
3. Accuracy of content and terminology
4. Difficulty Appropriateness
5. Validity of correct and incorrect answers

Question generation
input elements

Item Quality
Evaluation Criteria

1. Detailed explanations of correct and
incorrect answers
2. Basis for the question

Additional
information provided

Act
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Table 4. Dataset composition

division structure Key Contents Design Purpose
Achievement Standardization
Standards — of behavioral Determining the
Dataset : . .
A Action Verbs — areas by subject cognitive level of

achievement the items

standards

Bloom Cognitive
Domain Mapping

Setting specific
criteria for

distinguishing Automatically

adjust question

Difficulty criteria

Dataset .
and adjustment

B rules bereen high, difficulty
medium, and low
difficulty levels
Defining stem — Ensuring
Dataset | Question type option —answer consistency in
C rules patterns by question structure
question type by type
Achievement Structuring the Ensurin
Standards — link between . 5
Dataset NGS C hool educati consistency between
D ompetency | school education ractical kills and
Unit Expansion and NCS field p .
: curriculum
Mapping work
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Table 5. Dataset structure and details

division column Content (example)
Achievement =
27] 03-01-
Standard Code %71 03-01-01
Achievement
Standard Can explain the principles of leveling
Contents
DatasetA | action verbs explain
Content Leveling principles, field book entry
elements method
Bloom's
Cognitive understanding
Domain
Difficulty middle
Bloom's
Cognitive Application, Analysis
Domain
DatasetB The ability to apply acquired knowledge
or concepts to new situations, or
Key Features to break down information into its
components and understand their
relationships.
Question type Best answer
—Select the most appropriate answer
from the answer sheet.
—Answers to social phenomena or
Production application cases
DatasetC principle —Used prlmarlly to assess the leyel
of application, as well as retention
and understanding of knowledge and
concepts.
Which of the following is the most
Example . o
appropriate example of the principle
sentence ! e . .
being utilized in the following passage?
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\; @ Input stage

- Enter achievement criteria

@ Requirements @ Information retrieval J
Analysis Module ) module
- Achievement Standard- - Textbook Search

Action Verb Mapping

- Enter difficulty level -NCS PDF Search

— (R
- NCS Mapping

- Enter question type - Search for supporting

- Difficulty Analysis questions
- PDF upload
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Table 6. Summary of Framework Draft Improvements
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