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Case study on designing interactive Al-powered
digital literacy lessons for non-programmers in
K-12 and analyzing their impact
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ABSTRACT

This study aimed to develop and evaluate a digital literacy pedagogy
using conversational artificial intelligence (AI) for K-12 students without
programming backgrounds. A prompt-engineering-centered curriculum was
designed through focus group interviews (FGI) with in-service teachers and
applied to 55 middle and high school students in a pre- and post-comparison
experiment. The results showed that students were able to engage in creative
project-based learning without the burden of coding and demonstrated
significant improvements in self-efficacy, as evidenced by both qualitative
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. programming abilities, promote equitable and individualized learning
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A 20255088 072 and learning styles. Further research is needed to assess long-term impacts
gt 2025EmE 30 and establish ethical guidelines for AT use in K-12 education.
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Table 1. Information of experts group

Cleamiston S Elementary | Middle School | High School
chool Teacher Teacher Teacher
?;p“;rb;f(f/of) 9(33.3%) | 8(29.6%) | 10(37.1%)
Career(year) 6.7 6.7 13.2
Age Range 339 35.0 43.0
Programming(%) 100 100 100
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Table 2. Interactive Artificial Intelligence Recognition

Question Response R(i/s)o
Can program anything they imagine 3.7
Can integrate with networks, databases,
. . 11.1
file systems, [oT devices, etc

P i .

C?f];?ﬁ:éigs Has been able to write simple programs 59.3
Achievable Can use functions 3.7
Without Al
or Internet Can use loops 3.7
Assistance Can use conditional statements 7.4

Knows only the concepts 11.1
Unable to do anything -
A paid subscription to an Al service 18.5
More than 5 hours a week. 14.8
Utilization of An hour 2-4 week. 25.9
conversational An hour a week. 11.1
Al Used it out of curiosity 25.9
Only know the concept 3.7
No idea -
ChatGPT 73
Mainly qsed WRTN 38
Conversational
Al etc 232
(Claude, Copilot, CLOVA X, Gemini, Siri ...) :
I couldn't reach my goal without Al -
Effectiveness It's about 100% faster 3.8
 2chievi
¢ lg;rﬁ;“g It's about 75% faster 11.5
objectives It's about 50% faster 42.3
when learners ;

participate in It's about 25% faster 15.4
classes using It's about 10% faster 11.5

Conversational

Al It doesn't work 11.5
It's disruptive to class and rather negative 3.7
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. Ratio
Question Response ()
I couldn't reach my goal without Al -
o It's about 100% faster 11.5
Efficiency
of students It's about 75% faster 11.5
reaching ;
learning It's about 50% faster 34.6
goals when It's about 25% faster 19.2
teachers use
Conversational It's about 10% faster 11.5
Al'to teach It doesn't work 11.5
It's disruptive to class and rather negative -
I couldn't reach my goal without Al -
It's about 100% faster 14.8
The It's about 75% faster 25.9
Usefulness of It's about 50% faster 37
Conversational :
Al in General It's about 25% faster 7.4
Business It's about 10% faster 11.1
It doesn't work 3.7
Rather, it gets in the way -
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Figure 1. Compare student population and computer credentials
earned by year
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—[ 1. Analysis ]7

« Analysis of the needs and challenges faced by non-computer major
students in creating creative programs.

—[ 2. Design

« Prompt-based learning objectives and lesson sequence design.

i

- Instructional Strategy:

Lesson 1: Introduction to basic programming and logic

Lesson 2: Demonstration of problem-solving in collaboration with Al
Lesson 3: Independent prompt writing and Al application

Lesson 4: Execution of open-topic projects

—[ 3. Development

« Creation of prompt examples and activity sheets.

]

- Development of instructional materials and lesson plans.

—[ 4. Implementation

«Selection of participants for pilot implementation.

« Operation of pilot lessons.

—[ 5. Evaluation

« Self-assessment checklist by stage of Al use.

JL]

« Evaluation of final project outcomes.

Figure 2. Compare student population and computer credentials
earned by year
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Table 3. Lesson Plan

Lesson Topic Solving algorithms with Al

Learn about piecewise programming and use
Learning objectives | conversational Al to solve a variety of problems
with piecewise coding.

session a four—session course

Lesson 1: Basic concepts and syntax of programming
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I. learning objectives

- Understand the basic concepts of programming.

- Learn the main programming grammar (data types, conditional
statements, and looping statements).

- Set up a program execution environment and run a simple
program.

I. learning flow

A. Motivation (10 minutes)

- Activity: Show a simple program example (e.g., "Hello, World!")
and see the results of running the program.

- Ask: Ask students to think about what it means to have a program
do something automatically and how it might be useful to learn
this.

B. Check for exhibited learning (5 minutes)

- Activity: Briefly check and share what students already know
about programming.

II. Demonstrative learning (30 minutes)

A. Content:

- Explain the basic concepts of programming languages (variables,
types, conditionals, and loops).

- Review each grammar element through simple examples.

B. Activity: Students write their own code and check the results.

V. Wrap—up and formative assessment (5 minutes)

A. Wrap—up: Summarize what was learned today. Emphasize the
difference between conditional and repetitive sentences and the
importance of data types.

B. Assessment: Check what students have learned with a short quiz.

I. Learning Objectives

- Learn how to actively leverage Al to solve complex programming
problems.

- Strengthen prompt engineering skills to ask specific and clear
questions to Al

I. learning flow

A. Motivation (10 minutes)

- Activity: Present a real-world problem and ask students to solve it
with the help of Al

- Example: "Write a program to determine which numbers are prime
numbers."

B. Check for exhibited learning (5 minutes)

- Activity: Have students share their experiences writing programs
using Al in the previous lesson.

C. Main lesson (30 minutes)

1. Content:

- Explain how to write specific prompts for using Al to solve
problems.

- Present a problem and have students ask the Al questions to solve
it on their own.

2. Activity: Students work independently to solve the problem and
use the Al's answers to complete the program.

D. Summarize and formative assessment (5 minutes)

- Summarize: Emphasize the importance of writing prompts and
review how to ask effective questions.

- Assessment: Evaluate students' prompts and outputs and provide

feedback.

Lesson 2: Solving programming problems with conversational Al

I. learning objectives

- Learn how to ask a simple programming problem to an interactive
Al and get a solution.

- Gain experience in solving problems through the responses of an
interactive AL

I. learning flow

A. Motivation (10 minutes)

- Activity: Show an example of a simple conversation with an AL
For example, ask the Al a question like, "Write a simple addition
program,” and share the results.

- Ask: Remind students that they can use Al to solve problems.

B. Check for exhibited learning (5 minutes)

- Activity: Review simple programming syntax, building on what
was learned in Session 1.

C. Main lesson (30 minutes)

1. Content:

- Provide a programming problem (e.g., find the sum of a number,
write a program that satisfies certain conditions, etc.)

- Guide the Al to explain the problem and ask questions about how
to write the program.

2. Activity: Students write and run the program with the help of the

Al

D. Summarize and formative assessment (5 minutes)

- Summarize: Students analyze the solution provided by the Al and
understand how the program works.

- Assessment: Have students present to each other the problems they
solved with the help of the AL

Session 4: Autonomous Project — Designing and Implementing a
Program with Al

[ . Learning Objectives
- Students will choose a topic, set goals, and design and implement a
program with the help of Al
- Cultivate autonomy and creativity to effectively utilize Al to solve
problems.
1. learning flow
A. Motivation (10 minutes)
- Activity: Students share a topic they are interested in and explore
the possibility of creating a program based on that topic.
B. Check for exhibited learning (5 minutes)
- Activity: Review prompted engineering skills learned in the
previous lesson.
C. Main lesson (30 minutes)
1. Content:
- Students freely choose a project topic, set a goal, and ask the Al
questions based on that goal.
- Based on the Al's answers, they design and execute a program.
2. Activity: Students complete their programs and share their results
with their peers.
D. Summarize and formative assessment (5 minutes)
- Summarize: Students share lessons learned from their project.
- Assessment: Evaluate the project deliverables and conclude the
learning with a presentation and feedback.

Session 3: Autonomous Programming Problem Solving and Prompt
Engineering
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A ol) S shlom, ol 5AE ALE AR &8 High school students 32.69
Slo] 2A|E s ZsH= HAle] WS gyto] gist AE7S University (college) students 23.08
o] #2 FHUE RrYst 2oz sfAHT). vhH 13pA] A= Working adults 15.38
Qo] B BEHAZL 0.9002 JrhH o= 2 Uent &
go] Hato] ZAfstelch. THMOR 24(F A k)
e 4. A7 Az}
3F(2Yy) S Aest dE77t 2H2F 294 qlglon, Al T =
5 o) Bt 5710 B Rawt ] Be bt o
Al
zg 9olo2 NHHY} 41947 = At
olof we 2A, A of 108 tele] SIIAE BES AW HE BT UL AT ST BIHE A
steAk 540l st Aok, 24, 119 ts W82 517 A Mg &) 2770 Sassta s 5582 tide
gt ol w22/ 2 £ 9shs Weke AEst 2 Hsiqitt. vl 574e] 1502 HAdste] AR a4
Rtk w3k, AA] A oMol AMARORD)S AAlslel A BAS IS T, TR0kt SU 2] ArActe] B
shgate] mras] el A2 A digky AT J248S oot 4xp4) A a9e Asystn)
ozm, £ A7 DAolA StEtl/dAtel kel 2 2f
o] & whdsto] Al A =ohs Huskstr| 2 o3t Table 6. Participants in the research lesson
Lesson Topic Solving algorithms with Al
Table 4. Component descriptive statistics — a four—session course
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The entire lesson plan was designed to 071 | 405 | 078 Ages 15 15 16 17 19
align with the instructional objectives. ’ ’ : c
ount
The presented learning plan will be (N :u55) 14 14 3 13 11
effective in increasing students interest 0.86 | 4.24 | 0.68 — - - -
and participation in learning, Affiliation 27 middle and high schools in Seoul
The lesson plan for Session 1 was . Block—coding experience: 96.7%
effectively structured. 0.76 | 395 ) 0.9 Prior knowledge Python experience: 64.3%
The lesson plan for Session 2 was Assessment tool Project Deliverables Evaluation, Questionnaire
: 1 438 | 0.49
effectively structured.
The lesson plan for Session 3 was 0.81 414 | om
effectively structured. ’ : : AMA gz B 2 m2 iy L8 £33 ol
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Table 8. Comparison of the effects of using conversational Al in

instruction
Teqpoe Middle school | High school
students students
I couldn't reach my goal without Al 25.8% -
It's about 100% faster 24.8% 23.5%
It's about 75% faster 23.2% 32.2%
It's about 50% faster 24.8% 32.2%
It's about 25% faster 1.3% -

Response Middle school | High school
P students students
It's about 10% faster 1.3% -

It doesn't work - -
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Table 9. Qualitative Content Analysis by Keyword

Positive
Category Keyword e e
Student Experience fun, interest 62.1%
Al as a Learning aSS{sLance, suppcllrlt, help, easllly, 1270
Support Tool with ease, quickly, promptly, 1%
accurately, precisely
confidence, try, challenge,
self—efficacy solve, understand, capable, on 17.7%
my own, improvement
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Table 10. Expert panel analysis of learning outcomes

Question CVR | mean std

Evaluate whether the proposed prompt
engineering lesson plan is appropriate for | 0.90 | 4.33 | 0.64
teaching programming

The prompt engineering skills
enhancement lesson can enhance students’ | 0.95 | 4.33 | 0.56
autonomous problem—solving abilities.

[ am willing to apply this learning plan in

0.81 4.19 1.10
my class.

Instruction utilizing conversational Al
can continuously stimulate students’ 095 | 428 | 0.55
motivation and interest in learning.
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Table 11. Sample Adequacy and Reliability Analysis of the Survey on
the Need for a Teaching Method Utilizing Conversational Al

Analysis Type Statistic Value
KMO Measure KMO Index 0.705
i Chi-Square 28.108

Bartlett's Test
p—value 0.001
Cronbach's Alpha | Reliability Coefficient 0.784

Table 12. Sample Adequacy and Reliability Analysis of the Learning
Lesson Plan Evaluation Survey

Analysis Type Statistic Value
KMO Measure KMO Index 0.708
Chi-Square 135.607
Bartlett's Test
p—value 0.001
Cronbach's Alpha | Reliability Coefficient 0.889
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