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A Teaching Material of Sort Algorithm using Augmented Reality.

Maiko Shimabuku*1 and Kohei Hayashi*1 and Susumu Kanemune*1

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.

A JavaScript
B / VBA
C VBA
D —
E JavaScript
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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.
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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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Fig. 5 The AR balance scale

6 /
Fig. 6 Worksheet (balance scale / for check-

ing)
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Fig. 7 Weights
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Fig. 8 Counter of comparisons.
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Fig. 9 Check of sorting.
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Table 2 Lessons in the class.

A B C D E F G H I J

43 46 44 43 42 43 40 41 32 33
AR AR AR AR

× × × × × × × ×

10
Fig. 10 Lesson of balance scale

11 AR
Fig. 11 Lesson of AR balance scale

G, H

10 11

7.2 AR

12 Q7

1 2

3 4 4

G, H

13 A, C

AR B, D

AR E, F, I, J

AR

3
Table 3 Result of Kruscal-Wallis test.

AR p
(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

Q1.

Q2.

Q3.

Q4.

Q5.

Q6.

Q7.

12
Fig. 12 Questionnaire.

AR

Kruscal-Wallis 3

Q2, Q5, Q6 p 0.05

3

Kruscal-Wallis

A, C AR

B, D Mann-Whitney U

p Bonferroni

4 Q2

AR

Q5 AR

AR E, F, I,
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Fig. 13 Result of questionnaire.

4 AR
Table 4 Result of questionnaire (Blance scale

and AR blance scale).

(n=87) AR (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

* 0.01 ≤ p < 0.05 ** 0.001 ≤ p < 0.01 *** p < 0.001

5
Table 5 Result of questionnaire (Blance scale

and both teaching materials).

(n=87) (n=150) p

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 2.54 0.246e-03 ***
Q6 3.05 3.35 0.015 *

* 0.01 ≤ p < 0.05 ** 0.001 ≤ p < 0.01 *** p < 0.001

J A, C AR

B, D

Mann-Whitney U

p Bonferroni

5 AR

6

Q5, Q6 AR

Q7

AR

AR

• 14 8.1%

6 AR
Table 6 Result of questionnaire (AR blance

scale and both teaching materials).

AR (n=89) (n=150) p

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

• 11 6.4%

• 7 4.0%

• 8 4.6%

• 21 12.2%

• 4 2.3%

4%

AR

AR

12.2% 171

21

6.4% 86 6

8

AR AR

－205－



Vol.22, No.2, 2017

7
Table 7 Record of counting (To instruct).

C 2 10
D 6 6

AR Q7

AR

4%

AR

C D 7

1

C, D 1

3 4 12 Fisher

P 0.193

C, D

AR

12.2% 6.4% AR

AR

AR

B, D

AR 24 14

A, C 24 10
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