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[Abstract]

This study investigates the effects of applying an Interactive Automatic Assessment System (IAAS) in text-based
programming education for elementary school students and aims to improve the system. The results showed
that the IAAS group exhibited a statistically improvement in computational thinking compared to the control
group (t=2.146, p=.038). Furthermore, an analysis of computational thinking improvement across different
learning levels (high, middle, and low) revealed that the experimental group demonstrated improvement in
all three subgroups (p<.05). In contrast, the control group showed significant improvement only in the middle-level
subgroup (p=.003), thereby confirming the potential of IAAS for individualized learning based on learning
levels. Issues identified during the study's application, such as multi-cell configurations and limited recommendation
features, were addressed by implementing single-cell integration and level-specific problem recommendation
functions. The validity of these improvements was secured through expert validation (N=8, I—CVI=0.78).
This study is significant for confirming the effectiveness and individualization potential of IAAS in elementary

text-based programming education, as well as for improving the system from a user-centered perspective.

» Key words: Online Judge, Interactive Automatic Assesment System, Differentiated Instruction,
Programming, Compuational Thinking
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I. Introduction
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II. Preliminaries

1. Cognitive Development and Programming

Language
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Fig. 1. Interactive automatic assessment system

III. The Proposed Scheme
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1. Research Methods
1.1 Participants and Design
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Table 1. Environmental Design
G1 04 0, Xi 03
G2 04 0Os X2 O

G1 : Experimental Group

G2 : Control Group

01, 04 : Pre-test(Computational thinking)

02, 05 : Pre-test(Math learning strategy)

03, 06 : Post-test(Computational thinking)

X1 : Learning with Interactive Automatic Assessment system
X2 @ Learning in traditional ways

1.2 Educational Program

HAE ool ¥e me 1Y ddolo|dy BYORE
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Table 2. Educational program

Session Content Advan.ced Question"
Organizer
1101,1103,
1 Output 1201,1203
2 Variable, 2401,2402,
Input 2403,2404
Type Conversion,

. . 3101,3103,
3 Arlthm.etlc 10 ARaL 10 31073108

Operation1
4 Arithmetic P — 3106,3301,
Operation2 - 3304,3306
5 Arithmetic _ 3313,3309,
Operation3 3311,3312

1) https://github.com/GoHakNeung/jupyter_judge/tree/main/=3t



A Study on the Application and Functional Improvement of an Interactive Automatic Program
Assessment System for Enhancing Computational Thinking in Elementary School Students 209

AxjolA EAAT 19

5201,5202, AHe] 3 HEE Al on A g
6 Repeat 5203,5204 5
: (-3.12546), AFS ZAIA AT 19(-2.80813)0] -2
7 Repaat? ?521%53?52133 o5} Zro.2 EAE|o] Ao u|AASl Sroa 7hms)
’ B Aol Aelsta 5k sk MEk ZAxfol|A] Al
5 ot ciorein | O A AIEIATH38). 4t sk Het Al
N AT AT 25 0.80149] =2 A2z elst
9 Condition1 3307,3305
Aot Al2]e 4 il Table 31f 2T
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ondition 61056203 Table 3. Reliability test result of Math learning strategy
Area Question Cronbach’s a Number
of items
EG" 0.915
. 6201,6301, Strategy 34,5 = 3
11 Condition3 63026303 CE% 824812
Process 12,6 G 0.858 3
12 Complex Question - 7102,7103 Total EG 0.941 6
CG 0.929
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2. Results
2.1 Reliability Verification
ARY ALY Aol SSe] ST ¢
sP7 9lef 224 BAIAE RS N8 Rahuigol
AR T Zombo-Huber Method (ZhZh)S £35

_4

ey

o
olo rju okl

cll nlo

N
—_

=)

ol
O

-

r

=

*EG : Experimental Group
**CG @ Control Group

2.2 Analysis of Differences Between Groups
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Group M SD t p
EG 9.13 381
Pre G 710 388 1.754 .087
EG 12.70 2.85 .
Post G 1071 327 2.146 038
*p<0.05

2.3 Results of Pre-test and Post-test
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Table 5. Result of Post-test

Group M SD t p
Pre 9.13 3.81

E6 " post | 1270 | 285 | 4¢° | OO0
Pre 7.10 3.88

CG Post 10.71 3.27 4.96 000
**xp<0.001

2.4 Effect Analysis by Learning Level
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Table 6. Result of CT, Math strategy test by group

EG CG
CT Math CT Math
12 24 12 23
11 28 11 23
Upper 15 30 12 19
11" 26 14 25
13 29 13 29
11 19 6 20
7 23 9 24
8 21 8 20
10 18 10 17
26 6 22
19 6 28
Middle 11 25 3 28
12 23 5 27
11 22 6 27
13 21 9 26
7 24 2 24
9 16 - -
13 21 - -
7 18 2 30
4 18 2 24
Lower 1 15 4 26
1 21 2 18
4 25 7" 16

*Upgrade by achievement in Entry
**Downgrade by achievement in Entry
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(2=2.03, p=.042), AN = Fouigh ¥sp7t gilct
(Z=1.36, p =.174). Wilcoxon ¥4 ZAu}= Table 73} ZT}.

Table 7. Wilcoxon sign test result by group

Group n | Median SD z p
Pre 4 2.10 .
Lo EG Post 5 0 218 203 | 0.42
Pre 2 2.40
CG Post 5 9 222 1.63 102
EG Pre 13 11 1.67 215 032"
. Post 12 0.84
Middle Pre 6 | 238
CG Post 11 T 215 295 | .003
Pre 12 2.97 .
Soper EG Post 5 16 0.84 203 | 0.42
Pre 12 3.56
CG Post 5 15 152 1.36 174

*p<0.05, **p<0.01
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3. Revision and Enhancement of the

Interactive Automatic Assessment System
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Fig. 2. Providing individualized problems in scratch cell

5} AZoP] Yol FuE =
EXo] AT9)R] A %%amiq. ZuE| REYO AT
x| Ao B89 Esldog Fr s APt L~ 0lom,

2 710

=
) lmport ¢t 2fojE2f2] S &8 4 Stk ol

=] I

2o A, 23] A4 0 Al & W e dolzo] 24
£ FA

2793 5% A5 Wk 28] 15 A, S el
AFG 7K, S B0 APt BRIl EYES 2ls)
7) 9Is) Mot AES AAstch g BYE AE 29
£ 49g7R B2 AR 2% WALEE o 200 3
ofste] 9300l 23] X 8L Table 89 Zc.

Table 8 Validity questions

Area Question

The Integrated module®™ will function smoothly
in problem presentation, code writing, and
code assessment
The Integrated module will recommend
problems using Scratch cells, allowing
learners to engage in further learning through
them
The Integrated module will possess the
features and structure to be effectively
utilized in actual classroom instruction or
online learning environments
The user interface (UI) of the Integrated
module will be intuitively and clearly designed
so that learners can easily understand and
operate it

Funcionality

Usability The Integrated module will be designed so
that students can easily use it and focus on

learning without separate training

It will be easy for teachers to create learning
materials using The Integrated module

The provision of recommended problems
using Scratch cells in the Integrated module
will support individualized learning that
considers learners' levels during class time
The Integrated module will provide features
that stimulate students' interest in
programming and data analysis learning and
encourage active participation

The Integrated module will contribute to
enhancing learning effectiveness by providing
problems and learning materials of
appropriate difficulty for learners' levels

Student’s
need

The Integrated module will contribute to
increasing students' satisfaction with
programming and data analysis learning and
motivating continuous learning?

*The revised and supplemented integrated automatic
assessment module
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Table 9. Experts involoved in the review

Job Education Career
A Professor Ph.D 6
B Professor Ph.D 10
C Teacher Ph.D 13
D Teacher Ph.D 6
E Teacher Master 5
F Teacher Master 15
G Teacher Master 13
H Teacher Master 8
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Table 10. Result of I-CVI statics analysis

Area Item Mean SD I-CVI
Funcionalit ! 3.63 0.48 !
Y 2 313 | 060 0.875
3 3.38 0.70 0.875
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Usability 5 3.25 0.43 1
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