Journal of The Korea Society of Computer and Information
Vol. 21 No. 1, pp. 169-180, January 2016

www ksci.re.kr
http://dx.doi.org/10.9708/jksci.2016.21.1.169

Development and Application of CT-SPI Model for Improving Computational

Thinking for Elementary School Students

Young-Hoon Sung *

Abstract

In this paper, we propose a CT-SPI Model based on a physical computing for improving

Computational Thinking(CT) for elementary students. This study analyzes the results obtained from

applying the CT-SPI model to fourth-grade class. The model is designed to embrace the learning

activities and CT elements for three different stages: System thinking, Prototyping and Interaction.

For providing curriculum with CT-SPI model, physical SW educational module is developed, so that

learners could focus on internalizing CT. The study results indicate that a learning satisfaction and a

degree of learner interest improve significantly. Comprehensive CT capability assessment results in

three levels show that the capability in lowest level (score is below 4 out of 10) has decreased by
46.6% but capability in highest level (over 7 out of 10) has increased by 20%

» Keyword : Computational Thinking, Physical Computing, SW Education, Arduino
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1. Computational Thinking
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Table 1. CT Elements
Terms Description
Data Step to collect information necessary to
collection solve problem
Data analysis IQentlfy datg reliability, find pattern and
find conclusion
Data Present and organize data with use of
presentation graph, chart, word or image
Decompose an main idea into small tasks
Problem !
ftion that can be easily processed to solve the
original problem
Abstraction Reducing complexity to define main idea
Algoithms & | A series of ordered steps taken to solve a
procedures problem ore achieve some end.
Automation Execute tasks using computer or machine
Modeling of presentation of data or
Simulation procedure and experiment or test based
on the model
Paralldlization Apply the s.trucltured model simultaneously
and generalize it.
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Table 2. CT Framework for Assessment measure

Dimensions Elements Description
Sequence, Transfer of CT
repetition, concept commonly

Computational

parallelization, included in

oncept oV .
C epts event, condition, programming
operator, data language
Steps and
repetitions, testing Process of

and debugging, structuring CT

Computational

Practices reusle‘and concept by way of
remixing, fulfilment of
abstraction and project
module
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Table 3. 2015 Revised Curriculum published by Ministry of

Achievement criteria Learning elements

Understand effects of SW
applications in real life

Explore SW operated devices
and their effects on our life

Problem solving by
procedural thinking

Find sequence of solving
problem under gaming situation

Programming with block—type

Basic programmin ,
prog 9 programming tools

Implement program based on
four basic operations and
comparing numbers

Design number calculation
automation program

Implement program to solve
real-life problem using
sequence, repetition and
condition

Real-life problem solving
by using sequence,
repetition and condition

Education (Technology & Home Economics)
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Researchers

Description of studies

Jooeun Shim,

Jooyoung Ko,

Jaechang Shim
(2014)[17]

- For students aged 14-21(avg 17.1)
- Run courses regarding Arduino,

robot programming, wired/wireless
integrated education programfor
improving creativity

KyuHeon Shim,

Sangwook Lee,

Taeweon Suh
(2014)[5]

- For talented students
- Improve learner interest in computer

by applying STEAM curriculum using
Arduino

Sungdun Park
(2015)[18]

- For fifth & sixth degree element students

Improve creative problem solving
ability through programming
education using Arduino

YoungSun Park
et al.
(2013)[19]

- For fifth & sixth degree element students
- Develop and apply STEM education

program using LilyPad Arduino to
making christmas tree

Leah Buechley

- For students aged 10-14
- Study on engagement, Aesthetics,

(20e()t8)a[|éo] and Diversity in Computer Science
Education using LilyPad Arduino
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Fig. 2. Processes of developing SW educational model
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Fig. 3. Architecture of CT-SPI model
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Table 5. Proposal of Curriculum
) CT
Chapter Subjects Example Elements
) Arduino 1/0,
Basic | 1 Ardw-no Sketch
Basic .
programming
NEE A=A 2% FHe Ao] A olslaln 2| LemtOn | Lept) date
AR ARG A Foln, ek ol BANAL dl8l & Patro LED(2) data,
Lights Sequence sequence
P fE PR V)& B ol AAlo] olala}]
Patrol
olFL AT 53] YEAW HES o] U A5AE o LED(2) data,
_ ; Sequence, sequence,
I FOE 2= o) E ) Aol AL o gAJEE plElrO
I FHE F AEF gl Ahlo] A2 YIAAEE HlFoR (Emer)genc Rapidly operators
A7E 9 aAksk A ARl TR ERSe] et 715w 4
A AES BHshe 252 Bjo] S} BE Zan Traffic light data,
. s N (Dual Red—-Green sequence,
gy 722 usgo sy CTS I & YEE s Light aspects) operators
Traffic light data
. . . Red-Yellow-Gr ’
2. Design of Physical SW educational Module (Three cen sequence,
. aspects) operators
and Curriculum 4
- e _ _ data,
B ATNE 250 20 ARAES AN B D sequonse
3} o] 71249l WA SW AERES AT, Traffic light | F9TEIWGr 1 Hogpg)
(Manually) (Button) operators,
events,
conditionals
Buzzin events,
5 bird g Beep!! operators,data
,conditionals
Korean 5 scale sequencgg,eve
nts,conditional
6 Melody melody s,operators,da
(more LED) op ’
Buzz ta
Fig. 7. Physical SW Education module for CT-SPI Model sequences, 100
) ) ) 7 Looping Birds Birds  |ps,events,oper
A SEEES 2RIAFAE] TR g A songs ators,data
ZohA @i, ZEEEYS A 98 2Hgel Ur | sequences. 00
2o A7ty =88 wjolr)E dde Hesle=d Joh21]. 8 | folk song Plaxggggfolk ps,events,oper
ASkshs 9AA SWISEES Miguel Angel Rubio 9 ators, data
(2015)1 4 Ake eSS AT A2 AL mGel 9 | lfe saving | O sound - jeventsparaliel
signa sm
25340 S B AT P NS wgeR A : ,
T8t sHEe] AR TAE ] 913 KEH 10 | fun picnic | folk song play Crgl’l:z:ecp-lt—s
= ‘Light BUZZ City’ E’.E\‘O]\—ﬂ' Uéugg}%)\rjr. CT ﬁi‘%’% _‘xj_?:} Light beat
3 z2 g w&S 98 7438 ‘Light Buzz City EES Buzz | 14 ftl)mfun playing(3/4,4/4 mix CT
_ _ eats ’ concepts
AA LED9} ARZE 7 7HA Tl o' 7335t vheket Ay )
o 7 E S 2 I G oﬂlﬂl_z‘ izj‘ .E_O:l. ) ) ~ }
o] LED A2 A|@2e} £33, o] 9} BER -r]_ " displaying 'Z‘urr]ticl)_Eg) mix CT
HE, XdAuEe} 22 7pasE 2 4% A4 d2S 53 binary ! pud iout concepts
) . ] = sound outpu
epaE Ao, AL Ao1E e wjd A2 9} dlolE Az &
& BeT 7 30 AT AeFRe 255 A4 542 nelshel
= 5 3 5} 2~ A = | =N
i—o‘ﬁ}ﬂ 46—!'@9] oé’%@%ﬂ]” %’@Q ne 9,11—: T:_‘;q]r—_’e —]_}\]7]_ ﬁgg%%\_% CT ﬁi—‘é‘% T)_F\‘i]'zjl-o—i ’_';gl,g]_oq SR
AAS T Y BES Ej 27} x3ky _ . - .
AR Light Bz City’ ¥88& ol CT 8471 ¥HE 22 oy sire @ 4 l=s $430. 24 LED Alolg 19
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3. CT-SPI Model assessment measure

Ao A AAS CT-SPI Zdg 283k A3E Hrls)
7] 9 CT #4 /\43304-?9]— Karen Brennan, Mitchel
Resnick(2012)¢] CT =Z#|¢ o HEA(2014)9] A+
4 AAE CT Hlt‘oﬂ%% %—ﬁé }04 A4 AFE 75k
Agek CT-SPI 9% #H7ta iz A3t <& 6>9 2ol
sttt 11][22]

Table 6. Assessment elements of CT—SPI capability

Sub Step Elements Assessment Variables
Working mechanism of
) sensor and electric
Physical ) .
components, basic electric
Playing & electronic knowledge
Cards  |Algorithm Design algorithm
Data
representati |Use of variables and lists
on
System Decompositi|Process logical unit of
Thinking on algorithm
Abstraction Implgment programming on
physical system
Finding

Parallel processing of
Pattems |paralielization |sensor, button, and electric
components

Give input of parameter and

Simulation |get output corresponding to
the parameter value
Align and design sensor and
Design components to solve
Creating problem
Prototy|Prototype Connect sensor and electric
ping Create components to Arduino and
program
Testing |Test Algorithm test
) Explain function and how it
Personality
works
Suggest solution and
Interact ) , .
ion Sharing |Collaboration|question to the works by

themselves and peers

Share the works and interact

QA Activity with peers
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Table 7. Survey results for learning satisfaction and learner

interest
Variable Term M SD t P
. Pre 3.20 .862
Lealmmgl -6.325 | .000
Satisfaction Post 4.53 .516
Pre 2.93| 1.033
Learner -5.277 | .000
Interest Post 4.47 .516
(N=15, p<0.001)
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Table 8. Comprehensive assessment results for learner's

CT capability
. Boys Girls Total
Variable N % N % N %
Good | Pre 0| 0.0%| 1 67%| 1| 6.7%
(7-10) | post | 1| 6.7%| 3 20.0%| 4|26.7%
Average | Pre 4 26.7% | 213.3%| 6| 40.0%
(4=7)  |post| 7|46.6%| 3 20.0%| 10|66.6%
Poor Pre 5|33.3%| 320.0%| 8]|53.3%
(0-4)  |post| 1| 6.7%| 0 00%| 1| 6.7%
Pre 4.04 4.87 4.37
Mean
Post 5.81 6.67 6.15
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Table 9. Achievement results analysis for CT-SPI model
stages at different gender

M SD
CT-SPI Boys Girls Boys Gils t p
(N=9) | (N=6) | (N=9) | (N=6)

System 595| 674| 1.06| 1.74|-1.007 | 293
thinking

Prototyping 5.59 7.00 1.19 115 | 2272 | .041
Interaction 5.70 6.17 1.48 1.7 -580 | .585
(p<0.05)
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Table 10. Pre and Post verification results for CT sub—elements

Learning M SD Correlation p-value
Activity Elements Pre Post Pre Post coefficient t (p<0.001)
Physical 4.80 6.73 1.935 1.907 .933 -10.640 .000
Playing Algorithm 4.27 6.13 2.187 2.232 .958 -11.297 .000
Carde Peitraesemaﬁon 4.80 6.40 2.007 1.765 932 -8.411 .000
Decomposition 4.33 6.27 1.397 1.624 .934 -12.614 .000
Finding Abstraction 3.73 5.60 2.086 2.293 977 -14.000 .000
Patterns Parallelization 4.27 6.00 1.335 1.309 .858 -9.539 .000
Simulation 4.87 6.73 1.356 1.100 .885 -11.297 .000
Creating Design 4.20 6.07 1.656 1.710 .928 -11.297 .000
Prototype | Create 4.53 6.40 1.807 1.882 .920 -9.727 .000
Testing Test 4.53 6.00 1.642 1.464 .862 -6.813 .000
Personality 4.07 5.87 2.052 1.995 .945 -10.311 .000
Sharing Collaboration 4.40 6.07 1.595 1.751 911 -8.919 .000
QA Activity 4.07 5.73 1.668 1.751 .936 -10.458 .000
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