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[Abstract]

This study aims to develop a public data-based population prediction simulator for upper elementary
students and to design an instructional model using it. Population issues such as low birth rate, aging
society, and regional depopulation require social understanding as well as data-based interpretation and
prediction competence. To address this, this study proposes an approach integrating public population
data, Al-based prediction, and simulation-centered inquiry. The simulator, developed using KOSIS data,
provides regression-based prediction and visualization of future population changes, and a ten-session
instructional model was designed based on the ASSURE framework. The study examines the effects of
instruction on students’ understanding of population change, data literacy, computational thinking, and

problem-solving competence, and presents a model linking Al education with social issues.
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III. The Proposed Scheme

1. Public Data-Based Population Prediction
Simulator Design
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Table 1. Functional components of the Public
Data-Based Population Prediction Simulator
Functional Educational
Component .. .
Description Significance
Import demographic Provides learners
data from the KOSIS | with experience in
Data Input . L .
population statistics | analyzing real-world
CSV file public data
. Facilitates
Select variables .
. ) understanding of
Variable such as birth rate, ) .
. . the multifactorial
Selection mortality rate, and
aging rate structure of
ging population change
Predict future Introduces the
Al-Based population trends fundamental
Prediction using a linear principles of

regression model Al-based prediction

Supports
interpretation and
comparative
analysis of results

Generate graphs
and trend lines for
data visualization

Visualization

Promotes
hypothesis testing
and exploratory
thinking

Compare outcomes
by adjusting variable
parameters

Simulation

Awareness of Social Issues
Examples of low birth rate, aging
and regional depopulation

©

Setting Inquiry Questions
“How will the future population change?”

Public Data Exploration
Review KOSIS data and select variables

Understanding Al Prediction Principles
Learn the input-model-output structure

© & © 0O

Data Processing and Visualization
Generate graphs using Python

Population Prediction
Predict future population using
a regression model

S)

Simulation Activity

@D Adjust birth and death rates
and observe changes
!
Result Comparison and Interpretation
p p

Analyze differences between scenarios

Policy Proposal
® Develop solutions and write
policy suggestions

Presentation and Reflection
Share results, provide feedback
and reflect on learning

Fig. 1. Public Data—Based Population Prediction
Class Design
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1.1 Implementation of the Population Prediction
Program
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mport pandas as pd

inport numpy as np

from sklearn.linear_model import LinearRegression

from sklearn.metrics import mean_squared_error, r2_score

import matplotlib.pyplot as plt

df = pd.read_csv(" 21215 . csv”, encoding="cp349")

df = df.rename(columns={"AIE": "year”, "=QI21F": "elder_population"})

X = df[["year"]]
y = df["elder_population”]

nodel = LinearRegression()
nodel . fit(X, y)

nt("2l

nt("&

EJ\(coef):", model.coef_[0])
H(intercept):", model.intercept. )
y_pred_train = model .predict(X)

r2 = r2_scorely, y_pred_train)

ase = mean_squared_error(y, y_pred_train)
rase = np.sart(mse)

print("Cll &8t A ©

years_str = input("QUA: *

UASIMR. Oll: 2030, 2040, 2050°)

future_years_list = [int(x.strip()) for x in years_str.split(",")]
future_years = np.array(future_years_list).reshape(-1, 1)

future_pred = model .predict (future_years)
print("OlRH =2I121F OIl& 22t)
for year, pop in zip(future_years_list, future_pred):

print(f"{year}d Ol& L 2I212: {int(pop):,} B")

Fig. 2. Linear regression programming code
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Fig. 3. Elderly population prediction using linear regression

Fig. 3= X33 Y 2FE o]8&sto] 0l ol W=
h TS e Zlo|ch. JRfmolA] w3k e Al
w01 Q1 Tlo]ES LERjn, Wb Ao
H2Pe S 29T AP 271 FAML oJojaict. ®
A2 ARAPE ARt n2h Aol oot of
Yick. o]2jgt AIZtEHs sR5APE 3 HlofEjo
i o2 ofs 2oE SAlf vlusty Q1
o R ofEs S

% g A HlolH S 7o oj2y
Pl sl 22agolE

il

o

4

;;J:JI

J[)il
PlorE gy o JO_" i

%QNIOJ
—LIL

ooz
<
D
[e5)
a3
il
iy
zl
EIE
y
}m
M
o
o
4>
T
>4
>.
E
>.
Hu
z
Zi
ol
on

o 9 Q ra
o
BL
to
=)
ka
ok
o
19
>
oz rgl;
)
e
Tor
Jol‘

. o uAa

Fig. 4. Birth population prediction using linear regression
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2. Instructional design model
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Table 2. Instructional design model based on ASSURE

Stage Core Content Instrt.lctlc.mal
Application
. Grades 5-6: basic
Analysis of .
Analyze population concepts,
L learner level |, o4 Al prediction
earners and interest .p °
experience
Knowledge, Population factors,
State skills, and public data analysis,
Objectives attitude Al prediction, policy
objectives suggestions
lecti f .
MSeIect Ssetsact;oineso Data-driven problem
M et.hods, mediagan(’j solving, exploration, Al
edla,.and " simulation, worksheets
Materials materials
Use of News video, data
Utilize Media learning exploration,
and Materials media and simulation, result
materials visualization
Group variable
Require Promotion of adjustment, result
Learner active interpretation,
Participation participation presentation and
feedback
Evaluation Pre/post test,
Evaluate and worksheets,
i . hi
and Revise improvement ac. |evement and
satisfaction survey
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3. Public Data-Based Population Prediction

Simulator Specific Class Design
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Table 3. Ten-session instructional sequence
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Sess Learnin Ke . s
L .. Y v Main Activities
ion Objectives Concepts
Understand Low birth Watch news
1 population change | rate, aging, video, discuss
and formulate regional issues, create a
inquiry questions | depopulation concept map
Explore public . Check statistics
P . P Public data, )
population data . website, extract
2 variables, )
and select and organize
. Csv
variables data
. Learn prediction
Understand basic | Input-model- ea rinFr):ieIdeg °
3 principles of Al output, P pes,
s . analyze example
prediction. regression
results
. . Load data
4~5 Load and visualize pandas, interpret tab'Ies
data in Python matplotlib P
and graphs
. Linear Apply model
Apply regression . PRl . !
. regression, practice
6~7 | models to predict . .
. prediction population
future population -
values prediction
Compare Model .
simulation results | interpretation Adjust
8 o - "| birth/death rates,
by adjusting prediction
. . L compare results
variables visualization
Develop policy Data Group analysis,
9 proposals based |interpretation,| generate and
on prediction policy organize policy
results alternatives ideas
Present and reflect| Role of Al Presentation,
10 on learning future peer feedback,
outcomes response reflection
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IV. Methods

1. Research subjects and design
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Table 4. Research design

Category Description
Grade 5 (n=13, Experimental Group),
Participants Grade 6 (n=12, Control Group) at
Elementary School
Lessons 10 sessions
KOSIS population statistics (birth rate,
Data .
death rate, aging rate, etc.)
Python (Colab)-based linear regression
Program .
prediction model
Population concept test, data literacy
Instruments . S
scale, computational thinking test
. Descriptive statistics, t-test, ANCOVA,
Analysis L .
activity log analysis
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Table 5. Measurement tools and evaluation areas

Assessment Content Evaluation
Area Method
Population Low birth rate, aging,
Concept population structure; Pre-post test

Understanding causes and effects

Data sources, variable |Test items and

Data Literacy interpretation, graph performance
reading, data explanation tasks
. Problem decomposition, |Test items and
Computational . -
R pattern recognition, activity
Thinking . . ;
variable analysis analysis
Future problem .
Future awareness Fc)>lic solution Policy proposal
Competency » POTICY and reflection

proposals
Collaborative inquiry,
presentation, feedback,

Observation
records and

Collaborative
Problem

Solving participation activity logs
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2. Data analysis
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V. Results

1. Summary of educational effects
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Table 6. Summary of educational effects of the Public
Data-Based Population Prediction Simulator Class

Outcome Key Changes Observed Student
Area y 9 Behaviors
t i ..
. U.nders.andlng Explaining future
Population | relationships among opulation changes
Concept low birth rate, aging, pop 9

using variable

Understanding relationships

and regional

depopulation
Improved ability to
explore public data
and interpret graphs
Enhanced problem

decomposition,

Selecting data, using
CSV files, visualizing
results
Adjusting variables
and predicting,

Data Literacy

Computational

Thinking pattern recognition, comparing, and
and result comparison| explaining results
Future Increased awareness| Proposing regional
of social issues and | policy ideas in polic
Competency policy policy

solution exploration
Improved group
analysis and peer
feedback

reports
Presentations, Q&A,
and collaborative
interpretation

Collaborative
Problem

Solving

2. Quantitative results

& AtolldE Sgdlold I8t QILIE AlE2olH &
283 7o) sPIE0] Qldist JiE olsh, clolH 2iH
2Al, ARE AL, ol gig A vlRle =
A7) gl AMR-ALE ZAHE ARlElTE A T
i hshd 131314 6shd 12902 A= & 253 9]
o A2 Sadlolg 7[ut Q1]
1= 101512 28 20 %*046}9";9‘31 AT

2l

Table 7. Pre-test and post-test results

p*<.05, p**<.01, p***<.001
Assessment Group Average - p
Area pre post
Population | Experi | 4 g5 | 2036 | 7214 | 000w+«
Concept mental
Understanding| Control | 15.07 | 16.21 | 1.682 .104
Exper xx
Data Literacy | imental 1357 | 17.48 | 5.883 | .000
Control | 13.64 | 1436 | 1.214 236
Computational| =P | 1611 | 21.02 | 6.427 | 000%xx
Thinkin mental
9 [Control | 1625 | 17.10 | 1338 | 192
Future Experi | 4548 | 1926 | 5204 | 000%*
Competency mental
Control | 15.53 16.44 | 1.441 161
Collaborative | =*°" | 1496 | 1985 | 6118 | o00-
Problem Solving mental
Control | 15.02 | 16.18 | 1.356 183
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Table 72 ARt EXQATQ] AVA-ATS ZAAL ZAub Table 8. ANCOVA results for post-test scores
= *x< 05, p**<.01, p***< 001
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S oy va W T o Understanding Score
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Aol g Uehct. vl AR BE ol BE |
) ) omputational Pre-test 16.774 000+ 243
27T Oa gSsiloy felgh aEole 0|24 Xt Thinking Score ' ' '
= 5 Fut Pre-test
= Ol%_ gt Y FA #%ﬂ‘iﬂr *e‘fﬂ Holgs &8 Com‘;:t;ency oot 110337 | 003w 168
sfof of5ela Algeloldsl 5ol 35S i o] | Collborative | o
shob Al apgoll of aabdoz A8dlgg oujgih. | TTONEM | score | 14972 0002
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3. Qualitative results
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Table 9. Qualitative changes observed in students

UGV Change Pattern Interpretation
Category
Explaining population
Concept p. 9 pop Deepened
issues through
Understa . . structural
ndin interactions of understandin
9 multiple factors g
Drawing conclusions Improved
Data Use based on graphs and data-driven
numerical data reasoning
. Inferring outcomes Demonstration of
Predictive . .
R based on variable computational
Thinking L
changes thinking
Problem Prop.o.smg an.d Strength.ened
. explaining policy future-oriented
Solving . )
alternatives problem solving
. Increased interest in . Imprpved
Learning Al use and class immersion and
Attitude L self-directed
participation .
learning

4, Analysis of results
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