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Investigating Cognitive and Learning Processes of Languages through Writing Behavior:

Developing Software for Writing Behavior

Jun-ichiro Kawahara, Katsuo Tamaoka, Kazumitsu Chujo and Norio Matsumi

There is little extistent literature that has investigated the process involved in writing
Japanese two-morpheme (kanji) compound words. One reason for this scarcity has been
the difficulty in devising instruments to measure latencies for writing behaviour. To asnwere

this problem, we developed software that enabled us to present auditory stimuli, to mea-
sure writing latencies, to track trajectories during the writing of kanji characters, and to
assist data analysis. This software runs on the Microsoft Windows 98 Operating System

with a commercially available pen-tablet. Technical details of this software will be ex-

plained in this paper.

Key words : writing process, Japanese two-morpheme compound words, Microsoft Win-

dows Application
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DEMNEDTEIETHE "LV, USHROBRT
RILSNENEZRD I EBES TRV, ZOFIX %,
EFEERALTRILT S L, "SB0OEME, BAED
EFTHEAET DI HRE L ERBEEMIT
BIETHZ"ERY, RAHEPTSRA LTS, Z0p

' AMERILERFREERER I2EE U —F - F
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PARTHRALEY 7 b7 OERICIZ BRI D
BEEEVWL ZZIZE#HTE ZOoVITNIITIR
FEMEMNO-O THIUTHHICHRAIEETH S,
DY 7 v LT OEEHERIT Windows98 TH >
. TV T IIITEERLEDIZEL M
LEEICHEHRIIRTEZEDRN,
SIRBRF - B¥EELLY—

NobMnsLOIC, HEREBEERRLL, BETSLTHE
FORETHENIWMO TEETHS. £/, HEEOD
HEICRBRINZEBERON LENEF - FTHEEI N
TWwa(Yokosawa & Umeda, 1988): a3 T35 Z
EMG, EF_FHEBIAABORLEEMIIBITS
BABMOVEDENZEZDESS,
ZOHEABMTHLEF_FREEDNONNED
EOICMEBLTWENENVWDREIR, AKEDFHAE
DRHBEREEZASNIT 2 ETHRALRTIULRS
f&bl,‘é"\f% 5. EEZFHEORAMTHIET ML
13k BIRIA < TThh Ty B(Kayamoto, Yamada
& Takashima, 1998; Tamaoka & Hatsuzuka, 1998;
Wydell Butterworth & Patterson, 1995). B&KH)IC
, BEFECTFHEEAEMTERL, TOERUMZET
P &rﬁ%ﬁﬁfz DT 742 T BEILBHEHTHOR
FHIBE < fThbN TEG- & 2, BE#E, 1992; Saito,
Masuda & Kawakami, 1998). F£/=, X&EH|Zfthd
HREFE & EBICRR L TIRBKGEB 2 HIEE & L THAT
B§EERT D7 TO0-FbH (=&AL, B, 1998;
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Matsunaga, 1999).
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L TEFOELAELAEL THEA, ZO%RBEIIH
ERBEINTESY, AFLTHAT 2 Z L3
THR#THS. £/, ZORBEHVWTEFTHER
BFLTH, ThEEENICHE-RYICHAINATY
502 21—FIZWMDAL I EIITERW,. Cottrell
(198IF HwBFEDOHEFIMERET 2012, Eht
CHEEDAALER Ny R aRVwE OB
FIREINTHE ST, —RIITFIHTE W, HKETIE,
M - &E(1999)I13 a2 2 —%(Mac Classic I,
Apple )R T Ly M7 aLE)EMADDE/
RETEFTHEHNET 5ERETo>A. LaL, 2
CE - OUNBEENED TEM DD, T4
OEBIZFEN o7, £, CORETIIERT
LRl ERITIE, HBRETLICEERLTIFRE
WEMTH D E VWD BENH > /.

ID&SIC, EFTHEZHET 2-D0ERREL
HETLHILRIEGTHD LITEVEH N, RIGHKM%E
BIETHEDICEMON—-RIIT7E2HANWD I LI
Fo T, FEERD S FFITELE TORRMGHAN
AfREIC /2D, UL, TOHIETIE, MOBEGIERE
ROEMBFORE) E A S rORTEMLZIFIUI RS
NI &R, RURRERBEFERON— B T7 I3k
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ZFITARTIE, —fRWICRIA R L li/sikE %
PR U, EFTHREROY 7 NI LT 2877 5.
Zhig, HEAEEZBAS VWb E2 2 T72BD
Windows OS(Microsoft )& L =a> a1 —%
2, HRORZT Ly hEERLZRET, M2
R, BETHMAE TOMREGI, FENHFOLEE
WOKREERBT2Y 7MUY TH .

2. EFTHAERDY 7 bUIY

Z DY 7 b L7 Microsoft Windows98 @ &h{E
T2aEa—FaREL TS ZOVYIHFUT
TETIZY T RA—K, A —-HEREFIBER

M, R Ty MEBETHRBERELEELTS.
NSDN—RYITILMIAFTES, J0s53
> &#8\3 Visual Basic 6.0 (Microsoft &)% {#/H L
(2L, AV T ROIT7OETIZE, YU A
MENTOWNIR YT Ly MIBHT L HHERN,
RORERRDRA T 1 2T HBE L THEEST 57
O, ERIEI VI LIEEEITRAZNT L
TR Ty b ETHELTWS Z & EEMIR
5).

bhbhAER L =R % 7L v bintuous model
1-400, WACOMEDIZ 1 > F > /R %6 B, K=
DR BEETHIEMNTE LENST, 7Ly
PO EICHEB N - EERCEOREDRFETHI &
MTE, ERICHO LICEBEERLBNSCEFT S/
O BHRBEFEFEEE DB ENAREE 2o /-,

TOU S AN

AYTNITITIE, ROFIETEHET 2. &£E1%
Figure lOL 5727 A —LMEBN S, AR—ZF—%
Y RTINS, SRITTIE, ETEHFMH
E2RL, HBRENSOANEED., HEREIANIH
DREH>THYT Ly MIEFFIBTIEEI N/ #E
FIFREEEL, Z0OLE, FBERNSEEHD
FTOMM, BEKOD L TORMZBBHNICEERS
3 2TONFEEEKRDOLD, HBRENEFOHE
FEELIENTETEHE DL, ERER
AR—ZAF 2L TZORTERTIESZ, AR~
2 F— T % 2sec#ifl T 5 &, HEIRIZRORITANA
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I2&o T, #BESL RTES, ERINCIFRK
Ty )4, EXBEDETOEM, ZBEKDODDETO
&L -7 7 1L En s,

TRYS LADHEIE

A707 5 LF3DDET 2L THRINTNDS,
Fhoid 7 +—LEY 12— )W (FrmMainfrm), EEE
Ya—)(PlayWave.bas), 7A€ 21—
(clsMousecls)TH 2. 7+ —LEZ 2 —)WE T +— L4
(Wb 3 Windows7 SV —3 >V 7 hIITD
"B EICERELE S ETEAKBECTFRENEXCE
NTW5S, EBEES1—)LITE, T7+—LEZ2—)
KEShwrarsamnigikEshTns. 753X E
Ta— W3- ERT S —HOBERENTERE N
TWa, LUTFTR, Zhs3DDETa—ILOKEEIC
DWTHHAT S.

7 # — AT 21— I)U(FrmMain.frm)

IDEZ 2V OEBBBEEIIRD3DTH %: (DH
Wty FEERT D, QAR—ZAF—NHIN-51D
DIRITETI, QR TORITIKRT LILSHRET 71
WIZHHT B, ZOED 2=V TEITADRY Y
Uy 2RO EF TP OBRHRT T X5 — )V JEE
(RUEDMABEUGEITI -ODF TPV NI S5 X%
BUNCEZL TWD, ZHITHNT, timeGetTimeBd
BEEHTHDIZHERWINndowsAPIOEHEZ1TS.
COMBKIEXROETCOBMEZRET H-DICHAN
5 IR BB EREMERHDOERETH 5.

YT N —F> 7O —+ Form_Load: #lligt v
kDl |AEAL, 74— LOHMLGEITER, 2R
ENhdwave? 7 1 IV DOERR, RUGKHD R R EITD.

HI7N—F> - 70—+ Form_KeyPress: X
R=Z2F—%#HLIL & RITHHE> TOFhL
T4 RICEBGRERBL, $TICRITAME> TS
A BB TWINEZNZIED, F— & kI iosk
T5.

YT N—F > - 70— v Form_MouseDown:
FEEHOOBEETS. HBEF7 7 AVEBENSE
ZHOETORMEHEL , 7 — s RICHRT 3.

Y7 —F> 70— ¥ Form_MouseUp: %
TR AEEER D © BEN 7 HE A TR T 5.

H 7)) —F > 70— +ymnubData_Click: "7'0
TILP)ENIAZa—N—THEMNBERI N & X,
T7ANNOERE R EDUHZETT D

HIIN—F> -7 0> —2 4 Timerl_Timer: 10ms
CEIZBREOR D ROEE ) ERERT S, 27
SRR ATOTONT 1 TEETHIENTE

5.

7N —F -7 0 — v Timer2_Timer: A X —
AF—#MLTHS2seciCwaveZTE T 71 IV 2 H
£T5 OB IDOTONT 1 TEETES,

ZEHEE T 1 — )L (PlayWavebas)
ZDEYa—)Nidwave 771 INVOEAE - B1E21T
5 WindowsAPI #FE&HL T\ 5,

95 AE Y 2 —JU(clsMouse.cls)
IDEZa—-NVRITIIA-—VIOBRBFICETS

WindowsAPl #E#HL TW3, ZIZITEEINSL

WindowsAPI {3 frmMain TR SN 5.
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EREETDHEAE, X2 T Ly MSHTIZE
BELEELRY, LEMNST, TOVINIIT%
W2 Z&ET, ERITAIEESIVBEL Mo EFT
HOERNEDLOD TEGIITOIZENTESESD.
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TAINATDYR—F, F—FT 7L AEREORE
IR EDHRENERK D, Windows 7 S Ur—3 3>
VINII7ORBEHOFEEBLLTEELDDH
2, 1999). ZO LS ICRAtOENW O 53>
FEEREHOERLAFEETHOREHTOS T 41T,
MOERICADIEMTEDAREMLNH D, BFETH
ITBRE LR W th D S RER A AE 2 AR D 12D DERW
MECEHMTE 2155,

31 R 3k

Cottrell, D. 1989 Temporal processes in spelling
production. Unpublished doctoral dissertation,
University of New South Walse, Australia.

REWE 1992 HGEDRHMBICETIME-T 571 2
UEIC K DR DEERFSE, 63, 303-309.

Kayamoto, Y., Yamada, J., & Takashima, H. 1998
The consistency of multiple-pronunciation ef-
fects in reading: The case of Japanese logographs.
Journal of Psycholinguistic Research, 27, 619-
637.

FEREE 1998 FAHDMAF MU O EM FRETT

-319-



FIEHE—ER - ER R R -

() #H — I & LD ERUE(D. 1-16) HAEEE

PR 1999 Visual Basic Ver.6.0 #7055 3
>0 AFLE] #6i iR

Matsunaga, S. 1999 Universality in reading
processes: Evidence from an eye-tracking study.
Psychologia, 42, 290-306.

Saito, H,, Masuda, H., & Kawakami, M. 1998 Form
and sound similarity effects in kanji recognition.
In C. K. Leong & K. Tamaoka (Eds.), Cognitive
Processing of the Chinese and the Japanese Lan-
guages (pp. 169-203). London: Kluwer Academic
Publishers.

Tamaoka, K., & Hatsuzuka, M. 1998 The effects of
morphological semantics on the processing of
Japanese two-kanji compound words. In C. K.
Leong & K. Tamaoka (Eds.), Cognitive Process-

g - MR KR
ing of the Chinese and the Japanese Languages
(pp. 139-168). London: Kluwer Academic Pub-
lishers.

EME RS - EEE 1999 BEF —FREBOEFITHIC
B LEREAEED I CEFHEMEORE LH
2095, 70, 45-50.

Wydell, T. N, Butterworth, B, & Patterson, K. E.
1995 The inconsistency of consistency effects
in reading: The case of Japanese kanji. Journal
of Experimental Psychology: Learning, Memory,
and Cognition, 21, 1155-1168.

Yokosawa, K. & Umeda, M. 1988 Processes in hu-
man Kanji-word recognition. Proceedings of the
1988 IEEE international conference on systems,
man, and cybernetics, 377-380.

-320-



- 12¢ -

13 ok K ke ke e o ok ok ok ok ok ok ok s ok 3k ok koK sk ok ok kK FmMa]nfrm 2k ok 3 ok o ok ko ok 3 ok ok ok ok ok ok ok ok ok ok ok ok ok kK K
' BROBRIRBO0D750

' Jun Kawahara

Option Explicit

17 7 IMNDERR & #HB{E

Dim objMouse As New clsMouse
Dim DrawNow As Integer
RIBEEZERDEDHICINDED

Private Declare Function timeGetTime Lib "winmm.dlIl" () As Long

August, 2001

Dim StartTime As Long
Dim StopTime As Long
Dim RacTime As Long
Dim EndTime As Long
Dim trialcounter As Integer
Dim Cnt As Integer

Dim wav(12) As String

Private Type Data
trial As Integer
wavfile As String
startRT As Integer
endRT As Integer
End Type

Dim Data(12) As Data

Private Sub Form_Load()
Dim i, j, k As Integer
Dim temp As Data
CNSEBEV?7M/ILE. REDDP21/ILERE way TREXT.
wav(0) = "a": wav(1) = "b": wav(2) = "c": wav(3) = "d": wav(4) ="e"
wav(5) ="f": wav(6) = "g": wav(7) = "h": wav(8) = "i": wav(9) ="j"
wav(10) ="k": wav(11)="1"

"*** randomize ***
Randomize

Fori=0To 12
Data(i).wavfile = wav(i)
Data(i).endRT = -1

Data(i).startRT = -1
Next i

'/{ shuffle

Fori=0To 120
j=Int(Rnd() * 12)
k = Int(Rnd() * 12)
temp = Data(k)
Data(k) = Data(j)
Data(j) = temp

Next i

Fori=0To 12
Data(i).trial = i
Next i

trialcounter = 0
labell = "trial: " & trialcounter + 1: Label2 = Data(trialcounter).startRT & "ms"
Label3 = Data(trialcounter).endRT & "ms": Label4 = Data(trialcounter).wavfile
End Sub
Private Sub Form_KeyPress(KeyAscii As Integer) 'A% —%H#LIEESED
‘AN (IME % OFF L TH<BBHBUXT)
2AN—REX—ZEBLEDS, Y12—DERZEEXCHD or ¥HD.
If trialcounter < 12 Then "12=1t_trials
If KeyAscii = 32 Then
If Timer1.Enabled = False Then '[&L#
Cnt=0
Timer2.Enabled = True
labell = "RllBR"
txtOutput. Text = txtOutput.Text & "--[" &
Data(trialcounter).wavfile & "]--" & vbCrLf
Else O
Call sndPlaySound("", 0)
Timer1.Enabled = False
'txtOutput. Text = txtOutput.Text & EndTime & vbCrLf
Data(trialcounter).endRT = EndTime
txtOutput. Text = txtOutput.Text & Data(trialcounter).startRT & vbCrLf
txtOutput. Text = txtOutput. Text & Data(trialcounter).endRT & vbCrLf
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Label2 = Data(trialcounter).startRT & "ms"
Label3 = Data(trialcounter).endRT & "ms"
Label4 = Data(trialcounter).wavfile

trialcounter = trialcounter + 1
labell = "trial: " & trialcounter + 1
Label4 = Data(trialcounter).wavfile

If trialcounter = 12 Then '12=t_trials
labell =" TLZELIE"
End If
End If
Else
Exit Sub
End If
Else
labell =" TFLELE"
End If
End Sub
Private Sub Form_MouseDown(Button As Integer, Shift As Integer, _
x As Single, y As Single)
DrawNow = True
Cnt=Cnt+1
If Cnt=1 Then
StopTime = timeGetTime()
RacTime = StopTime - StartTime
Debug.Print RacTime
Data(trialcounter).startRT = RacTime
Else
Exit Sub
End If
End Sub

Private Sub Form_MouseUp(Button As Integer, Shift As Integer, x As Single, _

y As Single}
DrawNow = False

StopTime = timeGetTime()
EndTime = StopTime - StartTime
End Sub
Private Sub mnuData_Click()

Dim Save
Dim i As Integer

Save = InputBox("? 71 ILBZANLTLEEL, "F—YDRE")

If vbOK Then
Dim tDoc As String
tDoc = txtOutput. Text
MIER
Open "data¥" & Save For Append As #1
'REAXTVNEUICBEDL
Print #1, " !
Print #1, tDoc
MIZEBLD
Close #1
txtOutput. Text =""
MIER<
Open "data¥" & Save & ".dat" For Append As #2
'REAXTVNEMIUCBEDL
Print #2, "Subject Trial wav StartRT  EndRT"
Fori=0To 12 -1 '12 =t_trials

Print #2, Save, Data(i).trial + 1, Data(i).wavfile, Data(i).startRT,

Data(i).endRT
Next i

MIEBRCD
Close #2
txtOutput. Text = ""
Else
Exit Sub
End If
End Sub
Private Sub mnuExit_Click()

End DTS20 TID

End Sub

'Private Sub mnuStart_Click()
! Form_KeyPress (32)
'End Sub
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Private Sub Timer]1_Timer()
Timer2.Enabled = False
If DrawNow = True Then

Dim mY
Dim mX

mX = objMouse.PositionX
mY = objMouse.PositionY
TEXEIANRY2RICHN
txtOutput. Text = txtOutput. Text & mX & "," & mY & vbCrLf
Else
Exit Sub
End If

End Sub
Private Sub Timer2_Timer()
Dim fname As String

StartTime = timeGetTime()
fname = Data(trialcounter).wavfile & ".wav"
Call sndPlaySound(fname, SND_ASYNC Or SND_NOSTOP)
Timerl.Enabled = True
End Sub

¥k ok ok ok ok ok 3k ok 3k ok 3 ok ok ok o ok ok ok ok ok ok ok K P]ayWaVe.baS 4k ok ok ek Sk 3 ok K ok ok o ok ok ok ok ok ok sk ok ok
Option Explicit
"'Wave 7MILDBE - BIEZE1TTED API
Public Declare Function sndPlaySound Lib "winmm.dIl" _
Alias "sndPlaySoundA" _
(ByVal IpszSoundName As String, _
ByVal uFlags As Long) As Long

'sndPlaySound B9 uFlags THERY IEM

Public Const SND_SYNC =&H0 'BE&7T#%. HiHZRET

Public Const SND_ASYNC = &H1 'BAMR{T%. BSLCHEBERT

Public Const SND_LOOP = &H8 Bl 2B I IXTHELR)IET
'(SND_ASYNC E—RIEEITINESL))

Public Const SND_NODEFAULT =&H2  '#BRLIE Wave 7MIBTBRDHS
RO OEHRE. T MID Wave 77 EBEL TN

Public Const SND_MEMORY = &H4 S ED Wave IMIEBET D
Public Const SND_NOSTOP = &H10 RE Wave 7ML BEDDIRS.
'BEZEDILETDS

1ok ok ok ok 3k o ok o ok k 3k ok ok ok sk oK ok ok ok ok ok ok Kk kK ClSMOuse.ClS 24 2 ok ok 3 ok 3 ok ok ok ke ok ok ok 3k ok ok ok 3k ok ok Kk ok ok k
Option Explicit

Private IngAPIReVal As Long
70N T

Private IngScaleMode As Long
Private IngPositionX As Long
Private IngPositionY As Long

'BRET DHM
N-YLDNIR x EERR
N-YIDMIR y EERR

ERERET DMIEN
Private Type POINTAPI
x AsLong 'x EERR
yAsLong 'y EERR
End Type

Private Declare Function GetCursorPos Lib "user32" _

(IpPoint As POINTAPI) As Long  'N-YlDETRMIBEEET B API

Private Declare Function SetCursorPos Lib "user32"

(ByVal x As Long, ByVal y As Long) As Long N-YIlDET NI BZEERET D API

Private Sub Class_Initialize()
IngScaleMode = vbPixels  '#)HA{L IR

End Sub

Public Property Get PositionX() As Long
N-YND U BIBHRZEENE
Call GetPosition
PositionX = IngPositionX
End Property

Public Property Let PositionX(IngNew Value As Long)
N-YLD NI BEEHRZ EX 15

Call GetPosition
IngPositionX = IngNew Value
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