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Analysis of Effectiveness of Programming Learning for Non—science
Major Preliminary Teachers Development of Computational Thinking

Youngshin Han

Inha University

ABSTRACT

In Computational thinking is emphasized as a basic learning ability to grow into a key talent in the digital society.
There is much interest and discussion on computing education nationally, and the Korean government has also included
education in the curriculum. As a result of these changes, the level of computer literacy that preliminary teachers need
to be imporved, and the role of computational thinking as a leader in digital society is being emphasized by teachers.
Therefore, it is necessary to have a curriculum that can understand computational thinking through various programming
learning from preliminary teacher education curriculum. In this study, we designed and taught programming curriculum
for non—-majored preliminary teachers. Through the developed questionnarie, we analyzed the affect of programming
education on the preliminary teacher’s development of computational thinking ability.
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<Table 1> The non-major course of Programming education
at Washington University

Course Overview
Computer Introduces fundamental concepts of
Science computer science and computational
Principle thinking.
Basic programming in the small abilities
Computer and concepts including procedural

programming, basic control structures,
etc.

Concepts of data abstraction and
encapsulation including stacks, queues,
linked lists, binary trees, recursion,.
Covers languages, tools, and techniques

Programming [

Computer
Programming 1T

Web . . .
. for developing interactive and dynamic
Programming
web pages.
Data Introduction to computer programming.
. Concepts of computational thinking,
Programming

Python programming etc.

New or experimental courses that cover
topics in computer science of
contemporary relevance.

Currnet Topics in
CSE
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u]=2] CSTA(Computer Science Teacher Association)
9} ISTE(International Society for Technology in Education)
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<Table 2> Operational definition of key concepts of
Computational Thinking

Component Concepts
Data Gather resources to solve problems based
Collection on understanding and analyzing the problem
Data Classify and analyze the collected data and
Analysis the data given to the problem in detail
Data Represent the content of the problem in

Representation graph, chart, word, image, etc.

Datz .
ata Analyze issues to solve problems

Decomposition
. Define the definition of basic concepts to
Abstraction .
reduce the complexity of the problem
Algorithm Describe the steps to solve the problem in

& Procedures sequence

Select the best way to solve the problem
by using the computing device in order to

Automation .
order and describe the contents of the
problem
. . Simulation to choose a complicated, difficult
Simulation . . .
solution or viable solution
. Configuring resources to simultaneously
parallelization

perform tasks to achieve objectives
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.

e Multiple Skills - programming is not a single
skill. It is also not a simple set of skills.

e Multiple Processes — Programming is not only
more than a single skill. it also involves more
than one distinct process.

¢ The Language - Languages designed for serious

use by serious programmers are hardly suitable
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<Table 3> Programming Education Curriculum

Week Learning

Contents Overview

-1 i f ional Thkinki
Learn scratch features and _ ntroduction of Computationa inking

1 how to run them Learn about Scract
- Scratch project Editor
Learn how to use scratch - Attributes of the scratch block
2 blocks - Combine scratch blocks
.. - i k h i f itional
Learn about conditional Gettlr}g to n(?vY the basic c.011cept of conditiona
3 blocks - Practice combining the conditional blocks
- - Solve and comment conditional statement examples realted to majors
scratch - Getting to know the basic concept of loop
4 Learn about loop blocks - Practice combining the loop blocks
- Solve and comment loop statement statement examples realted to majors
- - Getting to know the basic concept of variables
5 Learn about variable - Creating conditional statements using variables
- Creating loop statements using variables
- Getting to know the basic concept of function
6 Learn about function - Practice defining and calling functions
- Define and call the functions related to majors
7 Middle test - Middle test
8 Learn python features and - Introduction of Programming Languages
how to run them - Learn about python
- Getting to know the concept of variables
9 Learn about variable & - Declaring and defining variables
operator - Getting to know the concept of operators(arithmetic, logical)
- Using variables and operators
10 Learn about data type - Learn about python’s data type(integer, float, string)
11 Learn about list&sort - Getting to know the concept of list & sort
python - Getting to know the concept of conditional
12 Learn about conditional - IF, IF-else, IF-elif-else Statment
- Solve and comment conditional statement examples realted to majors
- Getting to know the concept of loop
13 Learn about loop - Range, While, For Statment
- Solve and comment loop statement examples realted to majors
- Getting to know the concept of function
14 Learn about function - Practice defining and calling functions

15

- Define and call the functions related to majors

Final test - Final test
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<Table 4> Confidence in the survey

Cronbach’s a Cronbach’s a

Department Domain (pre) (post)
English Computational 0,656 0745
Language Thinking
Education  Programming 0.696 0815
Social Computational 0.656 0.778
Studies Thinking
Education  Programming 0.815 0.863
Korean  Computational 0819 0889
Language Thinking
Education  Programming 0.838 0912
1 0.889
os 0.745 0.778 0819 |
’ 0.656 0.656
0.6 - —
04 -
02 - —
0 - . . s
English Language Social Language Korean Language
Education Education Education
Mpre-survey ¥ post-survey

(Fig. 5) Confidence of Computational Thinking

0.912
0.815 015 0363 0.838
0.8 0.696
0.6 1 —
04 - —
0.2 —
0 - T T
English Language Social Language Korean Language
Education Education Education
Hpre-survey Mpost-survey

(Fig. 6) Confidence of Programming
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<Table 5> Paired t-test result
Department Domain Survey N M SD t p
Pre 29 65.34 8.376
All -2.44 0.021
) Post 29 70.21 8.042
English 0 utational  Pre 29 33.86 4665
Language . -2.069 0.048
. Thinking Post 29 36.10 3.609
Education
. Pre 29 31.48 4.076
Programming -2.461 0.020
Post 29 34.10 5.017
Pre 27 62.11 11.603
All -6.576 0.000
Post 27 79.78 8.252
Social :
Pre 27 31.89 6.399
Studies  Computational 5072 0.000
. Thinking Post 27 40.07 3.980
Education
. Pre 27 30.22 5.767
Programming 7484 0.000
Post 27 39.70 5.067
Pre 11 65.09 12.637
All -3.45 0.006
Post 11 82.27 11.163
Korean ]
ationz P 11 33.73 7.250
Language ~ —omputational  Tre ~3517 0.006
. Thinking Post 11 4155 4610
Education
. Pre 11 31.73 8.956
Programming -2.478 0.033
Post 11 39.82 5.250
<Table 6> Average and pre-post comparison of the questions of computational thinking
Question Survey N M SD t D
Pri 67 312 0930
E:E; 1 I can logically design the process to solve the problem. Poset 67 38l 0723 -4.426 0.000
< I can structure the problem in a form that can be solved through ~ Pre 67 258 1.017
g 2 -6.882  0.000
- a program. Post 67 370 0.739
% 3 I can express it with an algorithm that solves problems of  Pre 67 282 1167 5314 0.000
everyday life. Post 67 378 0.755
Pri 67 349 0877
4 1 feel the difficulty of doing computational thinking. Post 67 291 09% 3.559 0.001
Pre 67 376 0.889
5 1 think that tational thinking i ssary. -2.344  0.022
ink that computational thinking is necessary Post 67 409 05%
i i i Pri 67 373 0931
o 6 I think ((.elemente.iry,. rruddl.e, high) school students need e 2705 0,009
2 computational thinking skills. Post 67 413 0672
gﬁ I think that computing thinking has improved through Pre 67 364 0916
= 7 . -3.062  0.003
2 programming. Post 67 4.09 0.690
@
< Pre 67 339 0953
© 8 T think that tational thinking helps to sol blems. -4.354  0.000
ink that computational thinking helps to solve problems Post &7 20l 0769
9 I expect that computational thinking can develop the ability — Pre 67 337 0967 3686 0.000
“ to plan effective class. Post 67 39 0.747 - ’
T expect that computational thinking helps to accomplish my  Pre 67 337 0951
10 . 4,092  0.000
curriculum. Post 67 397 0778
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<Table 7> Average and pre-post comparison of the questions of programming

Question

Survey N M SD t J2)

Pre 67 254 1.020

? 1 I can use various computer programs. Post 67 349 081 -6.203  0.000
= . _ Pre 67 222 1056
g 2 I can use various programming languages. Post 67 343 0857 7560  0.000
<X . . . Pre 67 227 1.009
g 3 I can solve the problem using various programming languages. Post 67 357 0891 7631  0.000
g . . Pre 67 381 0.783
4 T have difficulty learning a programming language. Post 67 290 1046 5.787 0.000
. . . . Pre 67 290 0923
5 I am interested in learning programming. Post 67 379 0769 6.566  0.000
Pre 67 345 0840
O . . . . _
75 6 I think that programming learning is necessary. Post 67 390 0819 3.164  0.000
= Pre 67 323 0943
= I thi imine 2 % 2 ing. -4, .
i 7 1 think preliminary teachers need to learn programming Post 67 400 0953 4634 0.000
a I think (elementary, middle, high) school students need Pre 67 354 0959
s 8 . . -4.029  0.000
programming skills. Post 67 412 0.749
I think that programming learning will help improve logical  Pre 67 349 0823 3852 0,000
thinking skills. Post 67 400 0.739 ’ )
I think that programming learning will help improve Pre 67 35 0875 3902 0,000
computational thinking skills. Post 67 410 0.781 ) )
5000 s8] AFRA BA AASY FHEe A9 zza
g o] AAH T Atk
4.000 - 3730 1830
olelg mEol wiol Az AL AT4EL 3
5000 - FE B8 5HS 2% G 2AA42A o] A}
2000 B I | S AL ZxEa
A, Selube dulaa by wgage ICT &
F 97 ARY WY wgoz FHH] Jov], AR
oono | \ 9 AnE $9e 237 et HEE wg e
total computation thinking programming ~
H pre-survey = post-survey llj‘%_t?—l' }\E] % E)] O] ‘j[‘
| | | webd oul wAF Y RS ARE ] ke
(Fig. 9 Average comparison of the questions of -~ s ] - . e
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