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A Development of a Puzzle-Based Computer Science Instruction Model and
Learning Program to improve Computational Thinking
for Elementary School Students.

Jung-Cheul OH - Jonghoon KIM*

(Jeju National University)

Abstract

The purpose of this study is to develop a Puzzle-Based Computer Science Instruction Model and
Learning Program and to confirm the effects. To do so, we selected 2 classes with a similar level of
pre-computational thinking in elementary schools in the Jeju Province. After that, from 2 classes, we
designated the 5th grade students in 'D' elementary school as group A and designated students of the same
grade in 'J' elementary school as group B. In a total of 28 sessions during an 18 week period, a
Puzzle-Based Computer Science Learning Program was used with 31 students in group A, and the
traditional computer science course was used with 25 students in group B. The results showed that there
were significant improvements in computational thinking, which is computational cognition and its
creativity, of the students in group A compared to students in group B. Also, this study proved that the
Puzzle-Based program correlated with positive changes group A students’ Science-Related Affective
Domain. In this paper, on the basis of proven effectiveness, we introduce the Puzzle-Based Computer
Science Instruction Model and Learning Program as an alternative to traditional, computer science
education.

Key words : Computational thinking, Puzzle-based learning, Puzzle-based computer science instruction model,
Learning cycle, CE-LC(Creative exploration-based learning cycle)
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Communication Middle School
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Education (Level 1:K~6) choice
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<Table 4> Details thematic puzzles sanctions
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Study subjects Thematic puzzles material
I-1. Stepl. Catcher and pitcher
Binary
e Step2. Apple Cards
(80%) Step3. Binary Clock
[-2. Stepl. Glass bottles write
Text
. |Step2. Strange phone numberl
I. Data representation Sto3. St N o2
40) ep3. Strange phone number
Representa, (
tion I-3. Stepl. Image drawing numberl
Image Step2. Image drawing number2
representation P g wing nu
(407 Step3. Image drawing number3
-4 Stepl. Inverted bottle
Variable Step2. Add contents change
40" on a plate
( Step3. The final meals
I-1. Stepl. Find locker
Arrangement | Step2. Finding hotel roomsl
(80 Step3. Finding hotel rooms2
II-2. Stepl. Bead crafts
Stack Step2. Long Jump Rope order
(40") Step3. Eject CD
IT-3. Stepl. Bead crafts
Queue Step2. Long Jump Rope order
1l Data (40) Step3. Math sequence
Structures Stepl. Sindeubadeu and the
-4 Magic Doorl
’ Step2. Sindeubadeu and the
Tree .
40’ Magic Door2
(407 Step3. Sindeubadeu and the
Magic Door3
II-5. Stepl. Find a location beads]
Binary . .
Search Tree Step2. Find a location beads2
(40" Step3. Find a location beads3
I-1. Stepl. Robot painting1
m Programming|Step2. Robot painting2
Al ori.thm (80) Step3. Robot painting3
& m-2 Stepl. Gold and silver axl
) Step2. Gold and silver ax2
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Study subjects Thematic puzzles material
Function .
(40') Step3. Gold and silver ax3
Im-3. Stepl. Aligning Balll
Sort Step2. Aligning Ball2
(40" Step3. Aligning Ball3
IMI-4 Divide |Stepl. Mino Trio puzzlel
and Conquer|Step2. Mino Trio puzzle2
(40" Step3. Mino Trio puzzle3
-5 Stepl. Sorting cardsl
Quicksort |Step2. Sorting cards2
(40" Step3. Sorting cards3
1-6 Stepl. Find a Cardl
Binary -
Search  |Step2. Find a Card2
Algorithn g\ 3 Find a Card3
(40) P
-7 Stepl. Moving Treasure Chestl
Kruskal's |Step2. Moving Treasure Chest2
Algorithm ]
(80" Step3. Moving Treasure Chest3
-8 Stepl. Rides rides
Dijkstra’s | Step2. Travel Planningl
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<Table 5> Teaching and learning process

Teaching strategies(O)

Step Teaching and Learning Activities min, and Cognitive aid(®)
»Introduction and checking the objectives OTo use conversent
»What is the puzzle consist of? uestions  for  syste n‘;’; tic
It consists of numbers, circles, the connecting lines. gata collection Y
DC »What is the amount of each material? 5 To check the given data
=There are seven numbers, fifteen circles, and fourteen . g
lines. more specifically
»What numbers can you see? @Ehte rﬁlmbe_r and t}t')pe of
== There are 6, 11, 19, 30, 8, 25 and 15. ata. The given numoers.
>Can{) you describe the given data in tables, graphs, images, OTo selectively  transform
Problem: DR }(e:tcu . . . 2 when there is need for
O an you understand the information better if they become 10 data conversion.
P the other forms?
ension »How is the given data arranged?
= Circles are 4 rows in the shape of a pyramid, each
containing a number inside.
= Both sides of the circles are connected by lines and also ®Connection types of data
DA there is another circle beneath them. At the very bottom 3 Position of tﬂg aumbers.
of them there is an empty circle. Position of the circle
»What number does each layer contain?
= The number 15 is at the top of the circles and beneath
it there are 8 and 25. Below them, there are 6, 11, 19
and 30 with the last circle being empty.
»Consider the number and shape of the circle. Can you split OTo divide problems into
Design into smaller problems to make it easier to solve a given smaller parts with each
PD | problem? 5 17 part containing a clue
Ideas »Remove the smaller problem which has no clue, and then except for the empty
check if it can be split again. circles not containing clues.
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Mol ZFY AlDe AFS S8 WS Vv AFEBS Siny o a2 sy

=
S (=3 = “o

= 1If three circles make a triangular shape and each contains
a number, they can be bound.
g ‘15 (25
Rt i @®@The number and shape of
-y N " : s a circle,
6 1n) (s (25 19 ) 0 Including solving clues,
o e Th 1 f f
»Let's find the rules of the number set in the smaller nuﬁlb:ses of & &y o
problem. ’
= Among the three numbers, the middle number is the
center, the smallest is on the left circle and the biggest
number is in the right circle.
»Are there any similarities or common rules in the smaller
problem?
»What is the difference between the smaller problems? OTo check if the found rules
“The position and the number inside a circle are different. are applied to various
Ab »Can you make a common rule except for their differences? 5 situations in the same way.
= When three numbers make a shape of triangle, the
smallest number is in the left and the biggest number is @similarities and differences
in the right, regardless of its position and number. between problems.
»Let's see if the common rules can be applied to the
problems before they are split.
»What are the series of processeses to solve the problem with
the found rules? OThe . correct order
AP | =First, combine all of the smaller problems. And then check 3 procedures.
how the rules are applied to the combined problem. Lastly ®Procedures in order
find each position of 7 and 19 according to the rules.
Choose »Let's find each position of 7 and 19 according to the rules.
the best : Si-A »After thinking of various ways to place the numbers 7 and 4
¢ DestiSIAUL g according to the rules, let's choose the best way among
ideas them.
Concept
Introduction ) 4
Extension S P omt _ _ .. . 6 —————————————————-
Evaluation 3
(o) ?. A‘lj;” al 7-IA|. I:?.
— a H 2. — = = -
2 A7 DT 58 31 ATES 4
@) Al _ - s e = _
1. 27 ohe o sha Jxeehw 58 259 B, )
D538 53hd ATIE 319F 1258ty 58 XSO 5%hd 249 CllEe HluidoR §f

A 28A1%E, AR - ARRAR 5AIZhel A AE
AiFe e w3 HE7INE AFE e S
ARt A Al A5 o e ol
<Table 6> 2. AFE 948 Aol ByeongSu Kim(2014)
o] JNgt AxkA Abae HARA] AR (AH)-BE
AFF), #AFE A FHAFlE= Young Chae
Male Female Total Kim(2002)¢] TTCT %% AR H)-BEAH), &
Experimental 17 14 31 ©12 2w ZAlelli= HyoNam Kim(1998)0] 7%t
group detah g goA 4o HAE AAskith
Comparison 13 12 25 HyoNam Kim(1988)cll <Ja] 7)utel w}ato]

group
Total 30 26 56 dd geld 549 Wb 4, Tu), et

1o
oX,
o
>
>
=
o)
offl
i)
of
12
o,
§2
o
i
ful
T
jos)
[d
ot

<Table 6> Subject of research

Number of Students

)
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Bl 37b AR ol ga @Al 7 2
e 59 53 Likert %% Hsten] 25
F <Table 7>3} o] AEstsw <14, Fv|, 3%
stA B sehAl 57 Likert Ax® A3 #
<Table 7> Define classification properties on
science
A: Scientific
C: Cognition I: Interests
attitudes
1.1 CS: cognition of science | 2.1 IS: interest toward 3.1 AU:
1.2 CL: cognition of science science curiosity
learning and teaching 2.2 IL: interest toward 3.2 AP:

s dad

1.

%)

CC: cognition of science science learning Opt

Hor

(=K)

3. ¢4 2t

7 A4 Ass wa - B 9sted WA
% Qo] ATREF olFEA s A
@ -umgee) AR @Al gg 71E%A 8
Shapiro-Wilks 714 A4 A= ofefje} At}
AR Y AAE HAME IS <Table 9>
2ol APPRY wuyae) F Ad B §o
FE 05014 FAEEES AL Fsgich
<Table 9> Normality test of the Experimental

group and the Comparison group
Computational thinking Index

related careers 2.3 IA: interest toward 3.3 AR:
1.4 CT: cognition of importance science activities critical-

related to STS problems | 2.4 IC: interest toward mindedness
science related careers 3.4 AO:

2.5 IX: interests / cooperation
anxiety 3.5 AV:

voluntariness
3.6 AE:

endurance
3.7 AC:

creativity

293 AR ATFAAE B A7elA
AE HE T AFERS 0s TRIAL
$9 Wl AFE A

Hlu e BIEAA=

e AEH 0 waow 18537 & 28314

E <Table 8>%} #o] 2939y £ A=Y
1

A Ag SPSS win 18.0 T2 I1HS &85

ot
<Table 8> Experimental design
Experimental
P O, X 0,
group
Comparison
P O, Xy 0,
group
O, : Pre-test / O, : Post-test
X,: Input Puzzle-Based Computer Science

Learning Program
X,: Input Traditional Computer Science Learning
Program

Descriptive Statistics
Group Sig.
M SD | Max |Min
experimental
aroup (NS31) 1129 | 234 | 16 7 1.662
Comparison
aroup (N=25) 10.72 | 2.03 | 14 7 .345
A Y YA AARE IS <Table 10>,
<Table 11>9} o] {FoJFE 05904 K= 8h9

247} AFREE o] FE Aoz vehdeh

<Table 10> Normality test of the Experimental
group creativity tests

Descriptive Statistics(N=31)
Subscales Sig.
M SD Max | Min
Fluency 10548 | 1843 | 139 | 71 |2358
Originality 9993 1596 | 137 | 70 |.221
Abstractness of | o7 1530 | 134 | 64 | 453
titles
Elaboration 107.61 | 1595 | 140 | 79 |.276
Resistance 0| o5 4 | 1180 | 119 | 69 |.706
premature Closure
Creativity 15005 | 1158 | 134 | 85 | 872
Index
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<Table 11> Normality test of the Comparison

group creativity tests

Descriptive Statistics(N=25) |
Subscales — Sig.
M SD | Max | Min

Fluency 10432 1857 | 139 | 71 |.206

Originality 102.00 |16.61 | 138 | 75 |.565

Abstractness of | g0 5o 11716 | 134 | 64 | 204
titles

Elaboration 109.08 |16.63 | 140 | 79 |.285

Resistance 10 | g0y 1189 | 119 | 72 | 839

premature Closure

Creativity 10732 | 985 | 130 | 86 |.285

Index

ekt FAEE Fold g Abd HAFA A
T <Table 12>, <Table 13>%} Zo] &-94F .05

NN ATFEEES 7HIS s,

<Table 12> Normality test of the Experimental

group  Science-Related  Affective

Domain

Descriptive Statistics(N=31) .
Subscales M D Max | Min Sig.
Cognition | 3.13 .60 4.30 220 | .175
Interests 3.29 .62 4.53 2.28 .092
Seientific | 5 16| 67 | 433 | 205 | 330
attitudes

<Table 13> Normality test of the Comparison

group  Science-Related  Affective

Domain

Descriptive Statistics(N=25) .
Subscales M D Max | Min Sig.
Cognition | 3.04 62 442 | 2.09 |.193
Interests | 3.08 .60 421 | 212 | .208
Sientific | 3 15 | 48 | 452 | 229 | 058
attitudes

7h Ak o vla - AFE A AA
ARG AR A ARe] 7t
Al dal SEE 4% ArEdck
GO APAARSAAAL A= <Table 14>9F 20|
S, CAFe FAA, A, Zd A

sele

434

o

>

al
=

7lgt AFEns sde

o2

[H
]
I
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d
iz

rlr

oA el 05014 FomEh ol 3l

20w ek

<Table 14> Analysis of the experimental group

pre- and post-test results(Paired
sample T-test)
Descriptive
Subscales | Period | Statistics(N=31) | t Sig.
M SD
Pre 105.48 18.43
Fluency -1.76 | 088
Post | 107.87 17.10
Pre 99.93 15.96
Originality -9.54| .000%
Post | 110.71 14.90
Pre 97.64 15.39
Abstra'ctness 8631 .000*
of titles Post | 110.93 | 12.44
Pre 107.61 15.95
Elaboration -6.94| .000*
Post | 117.45 16.08
Resistance to| Ppre 95.48 11.80
premature -6l 548
Closure Post 96.16 9.20
P Pre 109.03 11.58
(Ll 2730 .000%
Index Post | 11629 | 9.52
* p<.05

050014 5 k2 2ol 7k QIslvh

<Table 15> Analysis of pre-test results of
Computational thinking Index
Group N M SD t Sig.
experimental | 3) | 1) 59 | 534
group
c : 961 | .341
Omparison o5 110,72 | 2.03
group
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I £ AT ghgo] o]Folxl F ARE Hol HEUSS FF v e uwSo] =
ArLE AN AR SHEE 18-S HA o #HEte] i AAH o7k SH A T
b A7} <Table 16>9 o] oo 05904 F & 73 F des g & 5 ok
A Fou| st 2to] 5 BT

<Table 17> Analysis of pre-test results of
<Table 16> Analysis of post-test results of Science-Related  Affective Domain
Computational thinking Index Index
(independent samples T-test) Subscales Group M |SD]| t |Sig
Group N | M |SD |t | Sig experimental | .| o
Experimental Cognition [ZUPN=SD) 511|612
aroup 31| 14.06 | 1.67 Comparison
: 3.67 | .001% N=25) | 305 |62
Comparison | 5| 154 | 171 group(N=25)
group : : experimental 329 | 61
k. _ . .
P p=03 Interests |-EouPN=31) 130 |.199
Comparison
] 3.08 | .60
olelsh A= HAFE AAHAALA HAFsE group(N=25)
S AR AT ol B B B4 gas | S g 0 g
s Tl HEEA O 2 o] 2 ez  Scntfic | groupV=31) 45 | .655
& BYoA HIEH o R o]FoX 1 FHEE F attitudes Comparison 312 | a8 ' ’
s dadls 5 AFE Ak F'ol A5 group(N=25) | = '
Y Ay o $HH IS v oz B B
2= 0] = ZolA v ZAl £3lEks 1E .
e S, 4:‘ BT e 89 (rable 18> Analysis of post-test results of
w2 HE7INE A Astungo] dsa e A Science-Related  Affective  Domain
FEATuSEY B0 AFE IAHAF Index
Tl v 28 9 vE 7 Ales wel Subscales Group M [SD| t Sig.
TR experimental 365 | 45
.. oup(N=31 ) )
o Ak 7k w2 - FoF ool A} Cognition géon?;arison) 241 | 019+
- 332 |.
AP AALe] 14, e, whebe Bje] s group(N=25) >0
53 Likert A 52 A23}3F %22 o]gale] 7t experimental 403 | 47
— - N=31 ’ ’
FEme Zgn A4S Ak o An Interests [EoPNSD 6.30 | .000%
Comparison 304 | 50
<Table 17>3 o] FoFF 05914 F H> group(N=25) | ™ '
37HA @&l B fugk o7t gle w4 experimental | , | o,
Aaqe Flstgich Scientific | group(N=31) | L 135 | gop
Boojoro] B = = - attitudes | Comparison 304 | 46
:’.aj—’ i L:[L-J —1'1_:1‘0] O]‘l‘(ﬂﬁ ) }\]—T gr()up(NZZS) ’ ’
Arkg AASAI AFE SHEE «A-ES AN * p<.05
sith 1 @Jﬂr <Table 18> #o] f+o]4F .05
oM F A 37HA FE BiolA fou|gh V.o =
Aolg uslel, e =

59 Fulgel B ohle A} WA 2 ave mAe x2FRAY DY A
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