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Amelioration of Programming Teaching
Materials Based on the Analysis of Learners’
Motivation”

Hidekuni Tsukamoto
Abstract

This thesis proposes a method for improving teaching materials of computer
programming which aims to maintain and raise the motivation of the learners. In
programming education, it is required not only to understand the programming
languages but also to understand the algorithms and programming environment
and to be able to apply them. Considerable time and lessons are required to
acquire the skill of programming; and thus, instructors face the challenge to
maintain and raise the motivation of learners during the lesson. The goal of the
proposed method is to improve programming education incrementally and
continuously without limiting the Ilearners’ major areaor requiring the
experiences and knowledge of the instructors.

In the proposed method, first of all, a questionnaire survey related to the SIEM
(Systematical Information Education Method) assessment metric was conducted
on the learners. Based on the results, a new assessment metric which can
measure the four motivation factors (Attention, Relevance, Confidence, and
Satisfaction) separately was developed. These four factors are based on the
"ARCS motivation model" proposed by J. M. Keller. By dividing motivation into
four factors and by quantifying the change of motivation associated with the

progress of the teaching process, useful and detailed information for improving

.*Doctoral Dissertation, Graduate School of Information Science,
Nara Institute of Science and Technology, NAIST-1S-DD1261203, February 17, 2014..



teaching materials can be provided. The proposed assessment metric has been
used to measure leaners’ motivation in 13 programming courses and about 1,700
sets of data from learners have been collected.

Next, the teaching materials were improved using the "Motivation strategy
samples” defined in the "ARCS motivation model”, based on the results of the
motivation measurement. Specifically, the motivation factors and the sub-factors
that had changed significantly with the progress of the teaching process were
identified, and the effective strategies that had been selected from the 2 to 5
motivation strategy samples associated with each of the identified sub-categories
as the improving elements. Five improving elements had been selected, and they
were applied to improve the teaching materials. The improved teaching materials
were used in a trial course, and the motivation of the students in the course was
assessed again. As a result, motivation levels were significantly improved in three

improving elements.

Keywords:
Programming education, Motivation, ARCS assessment metric,

Motivation strategies, Teaching material amelioration
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3.2 ARCS

A-1
Attention Perceptual arousal: Did the visually stimulating artwork (learning content) give you new and
surprising incentives to learn during the programming education?
A-2
Inquiry arousal: Did you feel that you wanted to learn more during the programming
education?
A-3
Variability: Could you study without getting bored because there were variations in the
learning content?
R-1
Relevance Familiarity: Did you feel that the learning content was familiar?
R-2
Goal orientation: Did you understand the goal and the importance of the learning?
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Motive matching: Did you have chances to select the learning methods that were suitable to you?
C-1
Confidence Learning requirements: Is the goal you should reach clear?
C-2
Success opportunity: Did you feel that you had created visually stimulating artwork (written your
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C-3
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well) because of your efforts and ability?
S-1
Satisfaction Natural consequence: Did you have occasions to use your newly acquired knowledge?
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Positive consequence: Were you happy when you created visually stimulating artwork (did well)?
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Equity: Was your accomplishment fairly evaluated with a consistent standard?
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035 080 1.00
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4.1

(H)
session 1 6
session 2 8
session 3 8
exercises 1 12
session 4 12
session 5 12
session 6 12
exercises 2 12
session 7 16
session 8 16
exercises 3 12
4.2
a b c
11 7 12
18 18
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4.1 4.1
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5 12 60
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42.3 42.1 42.7
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60 45

40

50

35 -+

40
30
30 25
20
20
15 -
10 T T
10 -
(© isfacti

(Attention)

4.1 4.2
t [45]
5
4.2 4.2 1 5
9 45
Attention 34.5 Relevance 30.1
Confidence 29.3 Satisfaction 33.3
27
p 9.170e-5
5% [46], [47]
Attention Satisfaction
Relevance Confidence
IT
[26], [48]
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4.4.2

4.3 4.1 12~60
41.83 42 .78 41.89
42 .39 41.33 44 .17
t
5
4.4
Attention 33.00 36.00
Relevance 29.78 30.44 Confidence
29.50 29.06 Satisfaction
32.78 33.83 t
5
60.00 - i 4500
l 40.00

50.00 3500
40.00 + 30.00 -
30,00 4 25.00 -

20.00 -
20.00 15.00 |
10.00 -+ 10.00 -

(Attention) (Confi
4.3 4.4



4.3

t

A1l A21 A31|R11 R21 R31|[cCc11 €21 €31 sS11 sS21 S31

372 433 3.78| 300 428 328| 361 261 3.41| 317 406 3.83

322 406 322 333 406 311| 350 317 328| 311 422 356
p 0158 0.338 0.096| 0242 0.397 0551 0736 0137 059| 0882 0519 0.389

A12 A22 A32|R12 R22 R32|[c12 c22 €32 sS12 S22 s32

411 394 3.78| 244 394 322| 383 294 3.00| 306 422 3.89

378 406 339 294 383 322 350 339 311 344 417 3.06
p 0269 0748 0.186| 0183 0.677 1.000[ 0317 0276 0.754| 0.349 0.868 0002

A13 A23 A33 | R13 R23 R33|[cC13 €23 33| S13 S23 S33

417 439 3.78| 289 400 3.39| 3.72 333 289 361 428 3.72

361 417 350| 278 339 311| 294 333 328 383 406 333
p 0089 0458 0362| 0729 poar 0397 Tgo1a 1.000 0169 0537 0456 0171

4.3 t
4.3 1 2 3
113 R 2_3 ”
R2 4.3
R2 Cc1
S3 5
R2 3.39
400 cC1 2.94 3.72
S3 3.06 3.89
R2
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4.4.3 4

4.4

56

4.5

a 0.753 0.480 0.546
b 0.558 0.790 0.795
C 0.033 0.763 0.280
d 0.239 0.040 0.752
R2
12 60
t
4.4 4.4
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41.00 44.67
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45 4
A11 A21 A31 | R11 R21 R31 | c11 €21 C31 | S11 S21  s31
a 300 400 3.8 318 409  318| 382 264  300| 327 391 3.64
b 343 414  3.29 357 400  300| 300 400  357| 286 471 3.43
c 317 450  3.67 317 383  333| 383 200  283| 283 400  3.83
d 400 425  3.83 292 450  325| 350 292  325| 333 408  3.83
P 0175 0721 0.416] 0463 0296 0901] 0.312 0005 0.534| 0709 0152  0.822
Al12 A22 A32 | R12 R22 R32 | C12 C22 C32 | Sl2 S22 S32
a 364 391 355 273 382  291| 373 291  291| 355 382 3.0
b 400 429  314| 320 386 371 314 414  343| 329 471 3.14
C 4.00 4.17 4.17 3.00 4.17 3.17 4.17 3.67 3.00 2.67 4.50 4.00
d 417 383 358 217 383  325| 367 258  3.00| 325 408  3.83
p 0569 0785 0218/ 0163 0835 0299] 0.322 0023 0.776] 0591 0232 0021
A13 A23 A33 | R13 R23 R33 | C13 C23 €33 | S13 S23 S33
a 355  4.09 345 273 327  291| 300 309  300| 382 373 3.8
b 371 429 357 286 357  343| 286 371  357| 3.86 457 357
c 400 433 417 283 400  317| 383 350  2.83| 367 433 333
d 425 442 358 2092 400  350| 367 325  292| 358 425  3.92
P 0362 0858 0471 0974 0193 0501| 0.098 0621 0.350| 0940 0209 0.194
4.5 4.5
4.3
c2 c2
S3 5%
c2
b 4.00 c?
b 4.14 C
3.67 S3 C
4.00 d 3.83
a
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5.1

1. Processin Processing
1 2' 9 size, background, point, line, ellipse, rect, triangle,
3' printin, stroke, fill, smooth, strokeWeight, int,
) float, width, height, void setup,
2 4. for for
3 5 colorMode, RGB HSB RGB HSB
void draw, frameRate, mouseX, mouseY, save,
4 6 .
mouseClicked
7.
5 8 if, random, mousePressed, rectMode, ellipseMode |If
(1)
6 9. Pimage, Image, image, filter
10.3 text, textSize, textAlign, Pfont, textFont,
7 104 rotate, translate
2
8 11. frameRate,
12.
9 ) 2D
28 2 7
ARCS
ARCS 90
49
12
pdf PC
5.1 1 point, line,
rect, ellipse, triangle 10-15
LOC Line of Code
2




for

1-5
6
“ textFont”
“ translate”
6
6
11
11
1
8-9
7
5.4
J. M. Keller ARCS
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2
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5.1 2 7 8
2 (Relevance) 8
(Attention) (Relevance)
(Satisfaction) 7

(Satisfaction)

5.2
5.2 tn_m1 > tis(.05)
5
1 2
7 8
Al R1 R3
s2 6 7
s2 52 4
R1 R3
R1 R3 R1; R3>
Al R1 S2 Al
R1 S2 Als R1s S2s
7
S2 2 1
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5.2

(Attention) (Relevance) (Confidence) (Satisfaction)

Al A2 A3 R1 R2 R3 C1 Cc2 C3 S1 S2 S3
1 4.10 3.60 4.10 4.10 3.80 3.30 3.20 3.00 3.10 2.70 4.30 3.70
2 3.90 3.40 3.70 2.60] 350 29 3.00 2.50 2.70 2.80 3.70 3.30
3 3.90 3.50 3.60 3.10 3.40 3.00 3.00 2.70 3.10 3.20 3.70 3.30
4 3.60 3.50 3.60 3.00 3.50 3.20 3.20 2.70 2.90 3.60 4.10 3.50
5 3.70 3.70 3.30 3.40 3.50 3.20 3.20 2.90 2.90 3.40 3.90 3.50
6 3.70 3.70 3.60 3.30 3.50 3.40 3.10 3.10 3.00 3.30 3.60 3.40
7 4.00 3.80 3.80 3.70 3.50 3.60 3.50 3.50 3.40 3.70
8 3.60] 370 3.70 3.10] 350 3.40 3.40 3.00 3.10 3.60

t,5(0.05)=1.734,

4.0

p <.05

Total —#—Attention —»é=Relevance -

4~ Confidence ——Satisfaction

2.5

1EEBR 2EE SEE 4EE SEE 6EE 7EHH

5.1

4

8EE O9MEE

1HE 2EE SHE 4EE SEHE 6HE 7EE 2EE SEE
EE: Afttention

1EE 2EEB 3EIE 40EB SEE 6EE 7EE sSEE sEE
;&1 Relevance

25

1EE 2EE 3EE 4EE SEE 6EE 7EE BEAE 9EE

818 Confidence

5.2 4

25

1@E 2@E 3@E 4@E SOBE @B 7@E 8EE 9EE
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5.4

(Attention) (Relevance) (Confidence) (Satisfaction)

Al A2 A3 R1 R2 R3 c1 c2 c3 s1 s2 s3
210 3.60 210 210 3.80 330[ 1 3200 3.00 3.10 2.70 230 3.70
4.43 4.26 4.57 4.29 4.14 400 1 3.14) 3.57 3.43 3.29 4.86 4.00
3790 340 3770 o0 350 a 300" 250 270 2.80 370 3730
4.29 3.86 3.86 [ 3.71' 4.00 [ 3.29 3.14 3.29 3.43 3.00 457 3.86
3790 350 3760 3.10 340 3.00 3700 7770 3710 3720 370 3730
3.86 3.86 3.71 3.86 4.14 4.00 3.86 3.29 3.57 4.14 4.26 3.71
3760 350 3760 300 3750 3720 3720 2770 290 3760 3710 3750
4.57 4.71 4.29 4.14 4.00 4.14 3.86 3.86 4.14 4.00 4.71 4.29

T TPg——— AT T B0 IO T260 790 3407TRG0 8600

! 357 3.33 3.00 326) 1 343l 3.29 : 3.14: 3.57 3.29 3.43 L_S._l:l____S_A_S:

1400 380 3780 3707 350 13 1 350 350 K220 I o) - T3

I 386 3.43 3.57 3.57 357 1 343 I 329 3.43 329] I 3.43} 3.86] ! 3.43}

—— - 1 L L ) ]
: 70 3.70 ST0Y T 350, 3.40 3740 3.00 316 340 " 3.60
4.14 3.86 3.71 3.86 :_ 3.431 3.71 3.86 3.86 3.86 3.86 4.57 4.14

1,,0.05=1.753, p <0.05

R1 - 2
R1

R1
R1-3 R1:

R3 > 2

R3

R3>

Al~ R3>

R17 7 8

R1

R1-2 R 17
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