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Abstract: 1t is reasonable to suppose that the acquisition of programming capability is accompanied by a
fundamental understanding of the concepts of programming (hereafter referred to as programming thinking).
However, previous studies have not found clear associations between them. We conducted a programming
course for general information education to investigate the relation between the acquisition level of specific
programming skills the students learned in the course and the development of programming thinking. Before
and after the course, we conducted a survey that measured the students’ level of programming thinking.
Students in the control group did not undergo any classes for mastering their programming skills and stu-
dents in the experimental group did undergo group for mastering their programming skills. For these two
groups, we compared the degree of the development of programming thinking before and after the courses.
The results revealed that students’ level of programming thinking raised after undergoing the programming
course. To examine the factors causing this improvement, we investigated the correlation between the stu-
dents’ achievement of programming skills and the level of programming thinking at the end of the course.
We found a limited substantial correlation between these two variables, indicating that the development of
programming thinking is related to the acquisition of programming capability.
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Fig. 1 Figurel Observation points.
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Table 1 Observation points and analysis method.
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Table 2 (a) Syllabus of programming course. (b) Syllabus of non-programming course.
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Table 3 Target classes and the numbers of students.
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Fig. 2 Score distribution of the final task.
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Table 4 Scoring result of Comprehension degree of program-

ming thinking (questionl).
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(i1 1 D% 4 7)
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Table 5 Scoring result of comprehension degree of program-

ming thinking (question2).
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S.D. () 1.0 1.5 0.7 0.9

(Fi 2 D RE 5 )

%75 ANZB B ZHENMBEOLEOR 4 W0 H#hT4R S
NBZENS, MEDLENZ LB L THEMLOHEIZIZ
Bonferroni #:12 & » T LA HEKEL BH L7 G
%D a=.05/4=.0125).
4.2.1 [ 1OHHER

SO T, 7ur 530705 ALETU TS
IV TADBEICERASN LGNSO LT, %
EHRTE TSIV AOBEEETe S v
7 IAERRTEDPo7 (p=.002). 72, FTHT T3
Y70 T ATIEZMRIR OB EEZAS N0 72708,
TUTT I T T ATIREZHENIC R TEZ#EROG LD
BV ERRWHENR (p=.004).
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Fig. 5 Score distribution of question No.1 in non-programming

class.

4.2.2 2 OHFER

ST L ZHEBORE LB, TSI I VTSI AL
FTurI I T T ADBREIEEALN o7 &
72, TR T I LT 5 ATIEZHBROBEIIETA
LN olzs, 70753077 T ATIESEaici
TEHEOR AR NEHAA AN (p=.013).

4.3 Ht3

K7 R 8ICTUTTIVI Y TADSHEBKLOR 1 &
BlonBEerars Iy FAAFLVOBREOMMEEZRT.
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Fig. 7 Correlation between scores of question No.1 and the

programming skills.
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Fig. 8 Correlation between scores of question No.2 and the

programming skills.

SO TUr T IV S OEZFOBME (BT A)
LZHEBOTUTT I TOAFVOBGE (BlEC) &
DIENHERE Z RO A 1 OBEE 7O r s 3 v
TDAFXINOBEE L OMIIZEERMEEIZAS N Do
72 (p=.37, ns.). M2/ HETOTIIVIDAFL
DEEE L ORIZIZTREDIEOMEDH 72 (p = .44,
p < .05).

F7o, THEBEOTOUTT IV TOEZFFOMFE (B
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HB) L7075 IyrOAXVOEEE (BRLEC) &
DIEM AR E kKO- A1 OBEETOr S I v
TDOAFNOBBELOMIZIIEE MBI N o
72 (p=.37, ns.). M2OBEETRTTIIVTOAFL
DEGE L ORI REDOLEOMEDLH - 72 (p = .44,
p < .05).

5. 8

TUT T I T T ADFHERER NS, KO3 oD L
DM o7z,

(1) 515, 202 T ADFEZZH#EE DB THisK
LRRANOFIHE Vo770 s 5 I v FOAF L EE
BLTWD ZED RSN,

(2) 32226, TUTTI VT TAOSZH#ERIETT
TSIV T T ADZHEILRT, M1 TRl L2
NER RS or e & s 72T 0 7T I T DEZHFOM
D L L TWAB 2 EAURENTZ, W2 CTRHMEL 72
el L OBREEICE LTI, 79 AMDEIIRdh o172
B, TaTT I VT DT T ADZEEN TR A
FLTWwaHEA»R SN,

(3) G320, TOurIIVT 7 TADZHEEIIBITA
SHHOTUT I I AFVICEL, M1 Tl
WOT7OT T Iy 7r0EZJTOEME, Zi#to 7o
7T 3T DEZTTOBBEDO B IAHEIE A S Nk
Moz, M2 TREZEMOTIT I IV ITDEZHFD
PR, 2B TO ST I T DE ZTTOMBEDN
FH RO A & 7z,

FREO(3) &Y, B2ICRELTVART RS FIv S
DAFNETOT T I T DEZTTOMPBE L EHITAS
N7, TR/ L ) BT u s3Iy 7058k
TUTTIVIDAFNOEEE TR ST Iy T OB
DML DOBREWPMIORT I LI TE R o7, M1k
R 2 ORISR > T BHYY, [’ 1 ORED G707
T3 NI B B FEEARMEE CIILERAICER L3, E
Re ST AMETH - 72720 R BRERE o
TEEZONL, Tz, M2 OMED S Z#EIIIZHER
MPOMGRE LICET 2 BRI H - 7225, Z OREDH@#S
NTVBHEHRRDOIGERERE & L TR L XVoRH
THY, FiEEEeE LTH#ELTWVS Y Ea— 7 EH0lR
ERIBIBEL TWBEEDN SN oz2 bR, BB L ED
TO7T Iy 7T RS ERAT T AN E 2 o 22 RE
BHBHDT, ZHEANIHE LICHT AHFEICONWTH LI
FEOH#EH- T tE2Z 5N,

INLDZ e, TUrT IV TOERIZE W CHF
DL WE SN TWEHEE LT T 7T IV 7 OEARREED
BERLIZOWT, 7a7 I3V FOAFIVOEGE L Z3#%
HiO 70793 70EZFORMEOEREEY, #8
L7707 93y FEREIKRS 2 WHEIC X - TRHEiT 4
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ZENTET.

—J, ER(2)o7u s3Iy 532070 s 3 v
7D Z T OBFEDORESH ELBEHE LT, Tu s
TIVIT I TADWENTEIRVRL L, TurTF I T
DEZFOMMELX RO D TRE LTUTOHIERT
HolLWEIND.

o TUVT IV TADETHHDZENDTHIZEBW
T, AREFE CICFE Ll LIS § 2 F2 )RR RE
ELTHEML. Tabb, 8 L7 Java Sagd for
B &LV while L& VT, BEIZ L A5 10 2k L
TEREELTUTT L ELEHICENE. 72721,
CITRTUT T LANIEMICEEE L TH L,
TR I LELTOEMRLRE G572,

o TOEBIITUTTLDEMEMTRHAL, TXTD
TICOWTHEHTERLEEIE, 705707 T 4
LLTEDL) ER O EHFI Y. 22T
TS T LADFERLEENEZ 8T, BHEKITD
EROBMESET -/ EZOND,

2L, M2 AL CEFPENECORRELREVPELN
Lotz ZOHHEELZOIZ, B2 OMEONE RN
HE¥ 5L,

o HRLDHEETLMAL (A) OMEDME
o HOHHEERT LA (F) OAEDME:
D2OoDOFEFTEILLY, BEROMEDIEENPRKE (E-o
TWAKTRATENZ, COBEITOrII 0T
ALIETOUTTI VT TADWHD 7 T ATHD LN,
F7-, TUTTIVT T T ADFAEL, S 1 OREEAR
FTEHIE, YHEENTHFEL-Tu s 7V SR
V7 AR M TR L Offi v R & 40 BR T &
TWh LR ENE, T2 Enb, BRLIZHET S
TUT T I TDEZFOMRERED LI, R %E
RET A HLOLEMHREOHEIZT TR, ZOHEL
70T T ANOEDMEBEIZEETS 5O TH L%
HW S22 ERT ALV NLETHLEEZOND.

AW CTHW 7075 3 v 70E 2 T OBME %l 5
RIREIE, BEENTHA L7z Java SiEOEICIIER L %
WIERATH Y, BWEATHELEEO T T3 v
TEREOEICE O W THE T A LD L, BEOMSR
ENREL o> TWwh, 7075V FOAFLVEBIET 5
LT, MRLUICBET A L) BRENTIEH LS D
O, FHLETOTT IV TEFHEICIERL v L) —f%
Haas LTOTay s3Iy 70EZITOMMEE DM
BRERTIEDNTE., ZOXIRMAEZERLTVLZ
LiE, BEoTurs g I v rERIKGEETIcTu s g3
YT DFEZF ORI OFMT B LR LT 5B %
LEEZLND.
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6. bV

SHROMEE LT, U377 AIBWT, &
ML IR 2EHENRCR LD TR T IV T 5k
A L7326 12 B0 TH RO R S N5 & MiEs
TAHEZERDITONDL. T, ARORETCIIZETOT
0753V 7DAFNVERNEL TCWRWYD, Z#RikIC
BIA70 753V SDAFNORLEOREE TO ST 3
T OFRIEDZALDO MM IZOWTIIMEFT TE TV ado
2. F72, TUTT IV TDOAFIVOMIEE L MEORN
BIAEDELDLDOTIERVE ) TR 2LESDH 5.

EH1Z, LVELDOHETTU S IIVIDATVES
07737 0OEFOMERE 2L, Mo RHE %k
B¥xBLTEDL) REBR LD DR FFIER LT
WS ZET, UV IVIDAFNOBBEL SO ST
I VT D% Z T OBIRE OB PEIC L T E 2w,

BEE AR D L) 2 THERLRHBIE 2 Wiz vz,
RALRF KPR F RS Y 77 —E 7u 7
7 Lo - El—dtEdR, RBINE - BaEEEdE, %5
PIZAYNTH D, EINEANEIZICEATEHOELZERL
9. F70, BERIEBIC S 2 wici2wiz, TSR
FLBEIEHEFEZER X 74 TEHm Y I OBRIC bSO
BErRLIT.
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