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Abstract: Programming environments used in programming education may be text-based or use visual ob-
jects. In this study, we developed and evaluated PenFlowchart, which generates codes for PEN (a text-based
programming environment for novices) by making flowcharts using objects manipulated by a mouse being
used for programming education for high school students. The results of learning using PenFlowchart were
compared with results using PEN alone. Also, we found that students’ grades are improved (particularly
in the case of poorly performing students) on the reference questions in term-end examinations, which ask
conversion from text-based programs to flowcharts or vice versa.
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Fig. 1 The PEN programming environment.
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Table 1 Numbers of flowcharts and programs in textbooks

(previous curriculum).
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Table 2 Numbers of flowcharts and programs in textbooks

(current curriculum).
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Fig. 2 The PenFlowchart programming environment.
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Table 3 Course contents and numbers of programs (Lessons
1-5).
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Fig. 3 Trend of number of programs submitted by students.
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Table 4 Which did students use PEN or PenFlowchart?

(number and ratio).

N = (%)

4EFE | 2011 2012 | 2011 2012
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P D BT 3 9 1.1 3.2
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(JE[R] ) 16 15 6.1 5.3
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Table 5 Which did students prefer PEN or PenFlowchart?

(number and ratio).
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Fig. 4 An example of reference question of term-end examina-

tion.
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&6 K5 OREHOHRT A LTI
Table 6 Average scores of term-end examination (PEN vs.
PenFlowchart).

R | 2011 2012
PEN 57.5  64.0
PenFlowchart 56.8 55.2

5.1 FRREHEH

4.1 B CEEIMER L7 70 7T 251%, 1, 2 RIH O
FTIIRELR WD, SHAIERCHRE LG ENLE 3MH
DBETOENPKE W, 31 HTHERLZT —HRI LD
MR LDMED LD LI THhHTHAE. £
CTREVEIEOSNZZEIF, 7O0—F v —bTTES
TIVITBIEILESoTEDE ) BT —%HITH L
WCEIDEEZLND.

SR ESERORETIR, Dl rn s —oF i
EERET 5 ERENBIZD W22, PenFlowchart % fifi v
L Th o I3 BRE IR A L 7.

5.2 PEN & PenFlowchart M3i&iR

42 iOT V= N ERATIICH Tz TEE 51X, PEN
& PenFlowchart O 523 2 5 D THIUEE  DAEREDS
PenFlowchart #9725 L w2 &, 72, ZNTLH
ZTPEN 2 #RZFIEEBEENLVWIEL) L) T L E
FHELTW.

Ak L72& B, PenFlowchart % ffi b 2% EE0 4
WZEDLRWE FHEWIET - 72720, 2011 EFEOEETIE
PEN Z @SB DO HVHETELh o 72H5, 2012 FEEIREL LD
# 7Y PenFlowchart # A2 2 &5, FAEDIE LITNUT,
PEN % # A ZH|IIIHFREEDS SV EEZ DS,

KE5EORFEICL o TELEL R EINT 0% 7V —T5F
LTHIRT A PORSELERFL7cHERIITR 6 DL BT
Hotz. 011 EEICITEAEEDR L o720l 4.2 HiT
X7z X 9 |2 PenFlowchart 2%80% & LA D S - 7272
OEEZLNL. 2012 EFEDOFE EIE PEN 2 A ZEHD
FEEIZE o 72 (Welch DFE, p=0.043).

5.3 PenFlowchart & A DXIRDBIEFHE

HIfilZ7R L7z X 9 12 PenFlowchart #3#EA4 5 2 &2 &
D, 70—F v — + 707 T LOWHEFIRES L EIC
OWTEREEom ERR SN, LarL, THUETTIZT
EHV o TVAIEEEFTAIY, BT LI035 2
S CHHo T, 7T AERELLEBDIZOLL) EIFET
R, TTIES N TO TS ARED L) IZ8ET 500 %
GAMD N EFMT 5 L DOTIE RV, ZiERESFEOE
WrAbTIE7a—F v — 1% b L — A L TEITHEREH
)& BEED HE L TV DAY, 4.2 HiOGHT SR O/NE
EOMBEEGH LA, EOFETH MR 0.3~0.4
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Fig. 7 Score distributions of the question about trace of vari-

ables.

BEOFWHBE L2 R o7z, BEohREREIRK T LB
D TH Y, PenFlowchart % ffi 5 LLai & AR CHA - 7228
LIZR SN0 o7z,

6. &0

AIFFETlt PenFlowchart & 710 7 J IV 7FHDEA
KRV D 2 L2 X o T EDFERDP A L — X frbh
HZl, 7U—Fx— 1707 T LDOMEERIET SR
2DV TUd PenFlowchart 3 A LLAT X 1) b oM 128
BonbZ &xmEt L7,

4t%, PEN OAZME > TWizilEoER T A b & 54
L, 7079055 EDHHEIT>TnE v, F
7z, DNCLUA o705 3 v 75k 7u—Fv—bo
MAEREEZEZ 70 7T IV TIREICOWT L EE LD
72\, PenFlowchart @ BASIC Jit, JavaScript Wil 3 Tl
BZELTHBY [15), THICX2EBEEZSHBRIT> TV ELZY
LEZTNS,

BEE AWIIEIE ISPS BT 26350327 D WK % 1) 72
bOTH 5.
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RE ¥k (ExH)

1993 4 FLAf H K K7 B B L5 58
FHE LRSI T. 2014 3
WRFRFBE Y 2 AR 7R+
BMRREET. Bt CATLAX ¥
VAL, 1993 4E R HKEE R
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