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Abstract In recent years, programming beginners have begun to use visual programming languages such as
Scratch. After that, they use text-based programming languages such as C and Java. But there are high walls
between visual and text-based languages. It is important to establish a seamless transition from visual to text-based
languages. In this study, we clarify the difference in learning process between visual language and text-based lan-
guage by measuring brain waves. Specifically, we will conduct experiments to solve problems with different difficulty
levels for learning visual and text-based languages. The brain waves at that time are measured, and we evaluate
the value of 8/a. As a result, the value of 3/a when solving difficult problems increased in the text-based language,
but not in the visual language. This suggests that learners may be thinking differently in the learning process of
visual and text-based languages.

Key words Programming, Editing Record, Learning Log, Debugging Practice, Simple EEG, Brain wave, Learning
analytics, E-learning.
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REWERRLTWS., 7273070 F A MNE 7B
75 LOBERIZEET BN R > T\WA Z &% EEG
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RS, £z, THFAMUFE (CEEE) OHEEK 3~6 12
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1 EYVa7NVBRIEGE (Scratch) O ffiHi7s @
Fig.1 Easy Question of Visual Language (Scratch)

3.3 BEOEHIAE
i 9% @ 7€ 1%, NeuroSky #LHK#k 3 > b @ — )L Mind-
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WE->TES. hIbrAl i, HFVTWEESIZRAZH X
25, TX3A) BN TRhIbRAL ILXDONEE [R5
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2 EYaT7VEEGE (Scratch) O L \WRE
Fig.2 Difficult Question of Visual Language (Scratch)

(5 A% 0 KT HIEE R L7288 T) BIED for XEMBIEL T 10
MORT I8 T8 E->TERITLUTLEE .

3 FTXAMNUEFE (CFiE) OffifaiefE 1
Fig.3 Easy Question 1 of Text-based Language (C Language)
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Ll 2ERRENETaT T 6% (10 BHEHDEEDEL] 20 FHD

#MOIRL] - T100 FIHD#EVIRL | L RRTDEDIEELE
TS L EESTEITLTLEI N,

4 FHRAMIZE (CEZ3E) OHLWHEL
Fig.4 Difficult Question 1 of Text-based Language (C Language)

EEHELTC, FEMREEZERTEI IO I8 2E->THEITLTL

(10 £ TR ZERD BHEZ R LUK T) 1 ~100 % TOMH
EEW.

5 TXAMEEFE (C 53k OiHELRHE 2
Fig.5 Easy Question 2 of Text-based Language (C Language)
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6 TX¥AMNUIFE (CFiE) OHLWRHE 2
Fig.6 Difficult Question 2 of Text-based Language (C Language)
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Table 1 The kind of brain waves which can be acquired
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oo (ap) | 10-11.75
1% B # (81) 13-16.75
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15 ~ B 31-39.75
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Bi/aw, Bu/an, Bi/an, Bu/ous Biyn/ousn ZFHETS. £ L
THELRERDDETOEME B/a HOFIEERD B, K
b 5N FHEIIFEFRDE A 1~A-6 1ZRT.
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2 CVaTNVEEED T#U] / TfEiH]
Table 2 The Ratio of “Difficult” to “Easy” in Visual Language

ID ‘ Bi/ca | Br/an ‘ Bi/an | Bu/ca | Bisn/usn
ma002 = 1.051 | 1.041 1.069 | 1.040 1.047
ma004 | 0.814 | 1.047 = 1.007 | 0.877 0.976
ma006 | 0.932 | 0.739* | 1.020 | 0.759* 0.909
ma008 | 0.822 | 0.886 | 1.016 | 0.703* 0.869*
ma0ll | 0.852 | 0.771* | 0.983 | 0.651* 0.805*
ma013 | 0.832 | 0.875 | 1.081 | 0.691* 0.879
ma016 | 0.861 | 0.943 | 1.021 | 0.791 0.924
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Table 3 The Ratio of “Difficult” to “Easy” in Text-based Lan-
guage 1

ID | B/

Br/an | Bi/an | Bu/ou | Bign/usn

ma002

ma005

ma006

i
ma0ll

ma013

ma0l5

ma021

ma024

ma026 | 0.971

K4 THXAMUZFE20 T#HLW] / TH#E]
Table 4 The Ratio of “Difficult” to “Easy” in Text-based Lan-

guage 2

ID | Bi/ou | Br/an | Bi/an Bian/aiyn
ma001 | 0.972 0.961
ma003 | 0.683
ma004 | 0.916

ma007
ma009
ma014
ma016
ma022
ma023

0.965 0.836 | 0.927
0065 | 0sao | 0927 |

0.966

0.916
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.com/docs/doku.php?id=thinkgear_communications__ in Text-based Language
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ID | Bi/ar | Br/an | Bi/an | Br/oi | Bivn/citn

=+ 5% ma002 | 2.089 | 1.113 | 1.363 | 1.655 1.113

ma005 | 0.730 | 2.401 | 1.118 | 1.626 1.144

Al ERBRER ma006 | 2.034 | 2.053 | 1.387 | 2.835 1.390
A.1.1 EERBOREOEHE ma007 | 1.111 | 1.386 | 1.437 | 1.091 0.939
PYaT7NWVREERSIOTFF A NIZEIZBELT, EED ma0ll | 1.336 | 2.362 | 1.335 | 2.070 1.352
57 5 A R XD B X TORM B/t (Bi/aw, Bufan, ma013 | 1.258 | 1.689 | 1.369 | 1.814 1.125

ma015 | 1.237 | 1.507 | 1.553 | 1.024 0.971

, s DY A 1~A-6 2R,
Bi/on, Bufows Prenfonin) OFIHAER =Y ma021 | 1.299 | 1.353 | 1.457 | 1.262 |  1.008

AL Y a7 VRS O A P2 W o DR T ma024 | 1.302 1 1,510 1.593 | 1.241 ) 0.803
ma026 | 1.198 | 1.476 | 1.314 | 1.383 1.003

Table A-1 Average of 8/a when Solving an Easy Question in

Visual Language #A5 FHAMUETHOMEARRIE 2 & WA T ORI O T
1D Bi/au | Br/an | Bifan | Br/au | Bitn/citn Table A-5 Average of 8/« when Solving an Easy Question 2 in

ma002 | 1.181 | 1.117 | 1.218 | 1.082 0.835 Text-based Language

ma004 | 1.546 | 3.623 | 1.576 | 3.290 1.863 ID | Bi/oy | Br/an | Bi/on | Bu/ou | Bign/cusn
ma006 | 1.351 | 2.179 | 1.410 | 1.982 | 1.224 ma00l | 1.509 | 1.688 | 2.126 | 1.258 | 1.169

ma008 | 1.825 | 2.242 | 1.569 | 2.482 |  1.436 ma003 | 1.521 | 1.285 | 1.364 | 1.111 |  0.900

ma0ll | 1.322 | 1.694 | 1.283 | 1.952 | 1.167 ma004 | 1.279 | 1.600 | 1.295 | 1.443 |  0.970

ma013 | 1.411 | 1.319 | 1.189 | 1.398 | 0.971 ma007 | 0.950 | 1.240 | 1.134 | 1.008 | 0.738

ma016 | 1.611 | 1404 | 1.455 | 1.687 | 1.100 ma009 | 1.683 | 0.943 | 1.620 | 1.089 |  0.939

ma014 | 1.192 | 1.326 | 1.137 | 1.259 0.909
ma0l16 | 2.164 | 1.290 | 1.677 | 1.818 1.157

® A2 EVaTIVRSTEOH U A & B DI D - ma022 | 1.108 | 1.248 | 0.957 | 1.158 0.770
Table A-2 Average of 8/a when Solving a Difficult Question in ma023 | 0.766 | 1.522 | 1.101 | 1.083 0.894

Visual Language

A6 THXAMESHEOHL W 2 2% b ORXE DI E

ID | Bifeu | Br/an | Bi/an | Br/eu | Birn/cutn Table A-6 Average of 3/a when Solving a Difficult Question 2
ma002 | 1.242 | 1.163 | 1.302 | 1.126 0.874

ma004 | 1.258 | 3.794 | 1.587 | 2.887 1.819
ma006 | 1.259 | 1.610 | 1.437 | 1.504 1.113
ma008 | 1.500 | 1.985 | 1.594 | 1.746 1.249
maOll | 1.127 | 1.306 | 1.260 | 1.271 0.939
ma013 | 1.174 | 1.154 | 1.286 | 0.966 0.854
ma0l6 | 1.386 | 1.325 | 1.486 | 1.334 1.016

in Text-based Language

ID | Bi/au | Bu/an | Bi/an | Br/ou | Birn/cutn
ma001 | 1.467 | 1.495 1.276 | 1.626 1.124
ma003 | 1.039 | 1.377 | 1.194 | 1.139 0.872
ma004 | 1.171 | 2.831 1.441 | 2.120 1.313
ma007 | 1.228 | 1.323 | 1.380 | 1.164 0.974
ma009 | 1.869 | 0.991 1.494 | 1.174 0.907
ma0l14 | 1.366 | 1.848 1.363 | 1.529 1.113
ma0l16 | 1.795 | 1.245 | 1.401 | 1.686 1.060
ma022 | 1.236 | 1.453 1.143 | 1.384 0.949
ma023 | 1.266 | 2.135 1.218 | 2.155 1.165

-119-



A1.2 tREDHER

RKA1ERA2DEHLTIROET— 2T LTt BE
CEEEDADBE) 21T/ R (pfH) 2R A 7TITRT. H
FRICR A3 ERA 4Dt IREDFERERA-8IZ, RAH LR
A6 DtREDFERZF A 9ITRT. &b, Xho« HIZEE
KHE BRTHE L e o 72, DEVEMHEICEND B LHES N
- Z L ERT.

# AT EVaTIVHE

FED t MOEDRER (p E)
Table A-7 t-test Result (p-value) in Visual Language

ID Bi/cu Br/on Bi/an Br/ou | Biyn/usgn
ma002 | 0.634883 | 0.545313 | 0.322132 | 0.705520 0.339147
ma004 | 0.125522 | 0.611459 | 0.931893 | 0.227844 0.724510
ma006 | 0.598656 | 0.001288* | 0.818535 | 0.038909* | 0.121765
ma008 | 0.092467 | 0.156451 | 0.813730 | 0.013392* | 0.005916*
ma011 | 0.096757 | 0.000440* | 0.817327 | 0.015376* | 0.000055*
ma013 | 0.440751 | 0.175280 | 0.421831 | 0.031084* | 0.109491
ma016 | 0.185285 | 0.470217 | 0.802335 | 0.104487 0.121738

# A8 THRAMNIFE
Table A-8 t-test Result (p-value) in Text-based Language 1

1 Dt MEDFER (p i)

1D Bi/ay Bh/an Bi/an Br/ay Bi+h/x+n
ma002 | 0.005392* | 0.458485 | 0.784792 | 0.059061 | 0.038411*
ma005 | 0.023048* | 0.184138 | 0.923266 | 0.373443 0.365842
ma006 | 0.105114 | 0.339583 | 0.199367 | 0.568820 0.728297
ma007 | 0.361896 | 0.817342 | 0.946617 | 0.579817 0.730354
ma0ll | 0.177854 | 0.001264* | 0.355504 | 0.000023* | 0.000057*
ma013 | 0.260772 | 0.011038* | 0.255414 | 0.006023* | 0.003613*
ma0l15 | 0.457094 | 0.545623 | 0.346812 | 0.529667 0.848399
ma021 | 0.521512 | 0.021955* | 0.374611 | 0.120032 | 0.034931*
ma024 | 0.212846 | 0.127854 | 0.058032 | 0.470085 0.380936
ma026 | 0.849875 | 0.399918 | 0.558195 | 0.929348 0.581759

# A9 THFAMNUFEE
Table A-9 t-test Result (p-value) in Text-based Language 2

2 Dt MEDFER (p fi)

ID Bi/ay Br/an Bi/an Br/ar | Biyn/oitn
ma001 | 0.896547 | 0.623422 | 0.151539 | 0.176466 0.755684
ma003 | 0.222387 | 0.669967 | 0.328523 | 0.892585 0.767879
ma004 | 0.757246 | 0.000218* | 0.519064 | 0.053904 | 0.001915*
ma007 | 0.084254 0.829427 0.418251 0.369240 | 0.001495*
ma009 | 0.569347 | 0.711265 | 0.687064 | 0.650284 0.703209
ma014 | 0.591098 | 0.000428* | 0.080738 | 0.180132 | 0.010632*
ma016 | 0.329402 | 0.751488 | 0.177898 | 0.707091 0.279207
ma022 | 0.741026 | 0.217580 | 0.044875* | 0.453410 | 0.004701*
ma023 | 0.002532* | 0.000871* | 0.314160 | 0.000007* | 0.001484*
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