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A Teaching Material of Sort Algorithm using Augmented Reality.

Maiko Shimabuku™! and Kohei Hayashi™' and Susumu Kanemune”
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Abstract — In the new curriculum starting from 2020, programming education become
mandatory from compulsory education. In programming education, understanding algo-
rithm is important. For example, sorting algorithms that can arrange data in order are
typical algorithms. However, there was a problem that it is not always easy to understand
the sorting algorithm. Therefore, in this research, we propose teaching materials to learn
sorting algorithms using augmented reality technology.
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Table 1 Algorithms in informatics textbooks.

Wik M S RE
At BB JavaScript
B#  #—F/Y—hTFLITUZA VBA
C#t IOV D VBA

D # P—=FTNITY XL —

E #: VAl Ny e ) B SN JavaScript

FIEDO B ETOAEMME2HEEXE 5, ) LS
TW3,

EEFRCHA S N2 ILEER MEROBY ] O
B&E[5,6,7,8, 9 Tk, 7TIWVIY X LE2XFEPNZ
HWTHHL TW5, #RE (7] © 90 R— I3k
INEHO—HEX 1LIZRT, WOHES> 7T X
LE, BRIEICE->TRR S, 7TIVT) XLDEME
I TWE TS5 I VS0 —Ea2 K 1ITFR
T, TIVITVALOEME LTIE, $y—F 7L TYX
Ly V=R T7NTVZXLEWD EITBEELL W,

PRI NS HBRF L, £ >Th»
DRXTVWXEPKEMHAT 2R EDTRIBEZRbN
TWAA, 7LVIY AAFI Vv a—RIZkET—X&
DEEZRTHDTH D, XFEPR%ZE A2 TIEE)
SEHATLHILIEH LY, FLEEERLZITLD
H, TR EEEBRICFTERIELZIZI D bR
90,

AL TIX, EEFROBRER ETHRDOAT WY
5, REMRT VLI ZALD—D2THBY—b7NLT
VAL EFZSIEEBMIZER Uz, V=TTV X
LElE, HBOT—2DEEWGTEZDFIHOZ LT
HbH, AVa—RIF, T—REOELDTOMWDHL
THEZEL, BBEZGLTT— 2281452 8T

—199—



BAN—F v L) T 712K Vol.22, No.2,2017

THESs I
(=275

@ BEREVNT—IERRICEET S
@a(1)>a(2) - A\NBRS
@a@)>a(3) - ANBZ 3
®a(d)>a(4) - ANBZ%

@a(4) [CROATHENEBS Nz

6 2BEICKEVT—IERT
Da(1)>a(2) - ANEZ 3
@a(2)<a@) - ANBREL
®@a@HHEETS

€ 3BRICKEVT—IERET
@Da()<a@) - ANBREL
@a@)HEET S
TWAREBRET

1 BMEOH KTV — 1) [7]
Fig.1 An example of an informatics text-
book.(bubble sort) [7]
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Fig.2 An example of execute time of sort al-
gorithms.

WOz EZBIZ->TWS, Y—hF7LTY XLIZIE
B OBENFAEL., AT 2FEP T — 28 O
BAEBIR5T—ROIEFIZ L > THREVELR S,
DL MBEEFRZLE TN T ALFECTEHE
2725, 7T XLOMREE, FATRERT— XD
Mg e 7 & CREAS 5, SFEY — F TV TY XA
L OMEREDENER 2 1TRT [10], WOHAZE Ik
5T = ZBBDINGE I, YOV — MNERMFHALT
EHEVEDLSRVY, T—RENEL L RB12o0T
REREWELTWVWS,

3 Y—r7ITYXLEBICEATIETHE

3.1 73 XLDERIE
FIFLUETLI)ZALDTFT— XD E 27T Z A —
¥ a UREIEIZ X o THHML L 28 BFET 5 [11,

N X ) 4
A bubble sort, a sorting &

algorithm that continuously steps
through a list, swapping items until
they appear in the correct order.
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Fig.3 An example of visualization of sort al-
gorithm [14].
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Fig.4 Sort algorithm in CS unplugged [18].
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Table 2 Lessons in the class.
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Fig.10 Lesson of balance scale
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Fig.11 Lesson of AR balance scale
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Table 3 Result of Kruscal-Wallis test.

N7
KFF AR XFF i /5 p f#
(n=87) (n=89) (n=150)

Q1 3.28 3.54 3.44 0.259
Q2 3.14 3.43 3.34 0.028 *
Q3 3.26 3.48 3.36 0.231
Q4 3.45 3.37 3.47 0.377
Q5 2.05 2.61 2.54 0.607e-05  ***
Q6 3.05 3.34 3.35 0.012 *

*0.01 < p<0.05 ¥ 0.001 < p<0.01 *** p<0.001
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Fig.12 Questionnaire.
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Fig. 13 Result of questionnaire.
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Table 4 Result of questionnaire (Blance scale
and AR blance scale).

¥

K (m=87) AR K (n=89) p
Q1 3.28 3.54 0.312
Q2 3.14 3.43 0.030 *
Q3 3.26 3.48 0.354
Q4 3.45 3.37 0.666
Q5 2.05 2.61  0.222e-04 ***
Q6 3.05 3.34 0.066

¥0.0L < p < 0.05 ** 0.001 < p < 0.01 ** p < 0.001
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Table 5 Result of questionnaire (Blance scale
and both teaching materials).

g

KFE (n=87) W/ (n=150) p i
Q1 3.28 3.44 1.053
Q2 3.14 3.34 0.120
Q3 3.26 3.36 1.998
Q4 3.45 3.47 2.343
Q5 2.05 254 0.246e-03  ***
Q6 3.05 3.35 0.015 *

¥ 0.0 < p < 0.05 ** 0.001 < p < 0.01 ** p < 0.001
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Table 6 Result of questionnaire (AR blance
scale and both teaching materials).

32

AR XFF (n=89) ™5 (n=150) pfH
Q1 3.54 3.44 1.233
Q2 3.43 3.34  1.239
Q3 3.48 3.36  0.453
Q4 3.37 3.47  0.675
Q5 2.61 2.54  1.998
Q6 3.34 3.35  1.659

*0.01 < p<0.05 **0.001 < p<0.01 *** p<0.001
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Table 7 Record of counting (To instruct).
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