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Acquisition of Automaticity in Letter Recognition

Takaaki Koyd_zu and Kumiko Bingushi.

An experiment was performed to clarify the acquisition process
of automaticity in reading letters. First, a set of artificial
(modified Sanskrit) letters were displayed one by one in random
order with utterance of their names. The task of the subject
was to remember and spell out those letters with their asso-
ciated phonetic names on a strip of answer sheet. Next, taking
up the strip, the experimenter displayed each letter for 500
msec, which the subject was asked to read aloud as fast and cor-
rectly as possible. The reading latency was repeatedly measured
so as to obtain the latency vs. trials curve, even after the subject
got able to spell all the letters without any error. The latency
curve showed, in the asymptotic state, the acquisition of automa-
tic processing of letter identification. The curve was composed
“of two different phases, which might be related to correct
identification and correct spelling. Thsose phases were different
in the absolute value level as well -as in the time constant.
But not so systematic was the difference among letters used as
learning materials which differed in the number of features.
The traditional theory of simple skill-learning and also that of
feature analysis seemed to be inappropriate to explain all those
results. For better interpretation a new hypothesis of topo-plas-
tic image matching was proposed. It assumes plastic matching
between one synthesized visual image and one memory image,
but not element-to-element matching. between so called the per-
ceptual and the memory vectors. In that sense, it is a modified
template matching. Under the hypothetical model, the first
phase of the latency curve is conceived of as the gradual de-
velopment of automatization of the topo-plastic matching mech-
anism which would reach the asymptote if the memory image
was built infallible. The second phase, on the other hand, was
interpreted as that of vocal naming, the asymptote of which
converged on to the latency value level for familiar letters.
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NFMOERBRIL, RENCERRINIERZ VL, R
NTWAREFEVAFBERAFA LT, AEEMAET 5L THS
(Fig. ). A 281 W5 HEETH 5B &b, APPLE OBEYXFTH B &
EWIOEHr Oz L, BRIVEMPEROKERTHY, ThikihmA
wOBIEBET 5 (Massaro, 1975: Anderson, 1975). X <&ibh
B &SI, CFERM O EABERC BT 5 Bk, HURE (tem-
plate matching) =5/ & 48494 (feature analysis) & F 235 %53,
IR\ T, NF2 vORRERY, T ORMEEICLIbRT
W5 E5HI (template) 7ous LikJREU (prototype) &3 » & b L <BEL
LE, FLTEDE XICDA, FhEBEHCEBEIR TS <AH>
PIEHEESh, MEMEShp LB s, BADEENC LA ERT 5 HM
WEEHNBEET LTI, bbHA, KEIDEI LFECEGICE, 5T
LRUFRLFEILE, H5VREHLFECRTHAMOHEAL VEEN
BTS2 &N L. (Neisser, 1967 ; /a3 1976). Fhicz D%
T A EE D BEBRIINL & BIE BOXF LR - TRET 5 RIL) D 7
VELFARPETHD, ThOIERBFRICEH. Townsend (1971,

EHIRER

KRR

Fig. 1. 5% vEBMOEAER
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a,b) BARXFOTAL7 7y P EENNCEMBEL L, AEIE5ERY
fTicws, BHRIRERTTF] (confusion matrix) %, 3 DOZM = F v
Ol S TR LICEZ A, BANE - HEN RS TR A—ED
XFANDRBLEFELHET 5—& T 2FERMEELE 7 iz, XFEMO
FPESRIE 1 7 AR BRE T2ESNER LT L3 JOERE S
(Luce, 1959) X b b, HEVBWILEHBELTW2DTH S,

EOW, BEREOHELED T, BAOWET, HHRERTS -
& - RO FRBET 2 NEBEN D DD E LI RENSND X
SIig o Tedt, S0 L3 REENHICRIPAOBINBETHHE 25
Hh, THIEEDBIRBST, ANFA 5 v OREER~O 5P
BETHDETHELTbFbh (PRE, 1976 ), T L O I
(Maturana et. al., 1960), o kg#tE (Hubel and Wiesel, 1959), [#
18 - 19 #F (Hubel and Wiesel, 1965) o fk4dH 2% Cc, BEE 2N
R B EGERNC G T A MIHER R R IR 2 R, B ixEE s
T B AR VMO FAPMEEN s » T 1. Townsend (1971, b) 137
LEEETE LN REFREITF]% Kruskal (1964, a, b) ® non-metric MDS
e, 4L EOEBMSEEREE (TA7 >y FMRXFOSER
BRT) 2oLk, ChbZORADERELHELE 2B THA
5.

s tTe T L DR, A E v Th Selfridge (1960) O FEHR
ETIL Pandemoniuin model TH%. T L HALRTWD LI,
KD L5 7c 4 MONBBEAHOBESINEAL LTHEI TV, Tk
b, OXFRBA 2 vERNOECNAREBERCERTIARET 4+ =
v (image demon), @ % DR BEE DM IIER, 7ok 2 IFBEOBRY - A
B g vEOTFEYRE L, B2 b 5EEEH T + = v (feature
‘or computational demons), ®Z D4 T — 2 FEHR L, H4orELT 3
A2 VEEHAREINGESCIS U T M KT 5—EEb3 5~
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5 . £ v (cognitive demons), @ ZLCoh b HAATFT+ VD5 b
ERBRSIERIELTCWBT 4 = VEERIICHET 2HET + £ v (deci-
sion demon) TH%. STIhHLAKEDT 4+ EvD 5D, & IEHEIR
M5 4 v, ThbbXFERACE » TLELEHERI, —4F, [AEE
BHBHDY, HBHNEEZIUKINDIES S D,

TENEHY X M EHERE

Gibson (1969) (326 D7 /v 7 » o P KXFIEX L 4 HI2EHORE
f94% 8 (distinctive features)# & 0 H1F, FOFEEXL LIV A P &L
~7z (Fig.2). Y A b C, B - R & oo 7efEdi# a3, Bl Maturana
et. al. (1960) ® Hubel and Wiesel (1999) £z & » TR E I o gt
BRI EDF, £ LTH - BB NFOREAD, Th bIIFEE
MO 2T Te D SR HRFI S B R TH D &\ 5 21 R (Gibson
et. al., 1961 ; Piaget & Inhelder, 1956) 12 &5\ C, T T3, F

WM (v 2 W e FIBT ARERSS) 1 Pritchard et. al. (1960)

[Features A[E[F[HT LTI KM N]VIWIXTY[ZB[C]D]G]J [OIPIR[OISTT

traight ;
orizontal |+ |+ [+ [+ ][ [+ [+ T T+
vertical + |+ ]+ |+[+]+
diagonal / +|:
diagonal \ + +

+|+

Curve ]
closed . + + +[+[+]+ v
open V - T ] T
open H ] 11 EIRREIE] 5
Intersection +[+ ]+ [+ +|+ ¥ ¥ i ' FT+7F

Redundancy
cyclic change + + + + ¥
symmetry M EEEE BN NI ¥ 1+

Discontinuity - .
vertical +1 [F1+{+] [+[+][+]+ 1. : ++

horizontal + |+ +|+ F [

Fig. 2. 7147 » <Ny FMANFEATHRENER Y A + (Gibson, 1969)
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DF LBIEG SRR T, SFTRIEP—FCHE - BRI EvsER
LTEY, TEEEIRBRBOERIZEFICAD AT LEE, &
RN IRE T 5 REHRAEET 5 &\ 5 Hubel & Wiesel (1965) o % 5
BEECLTE DD OhiE WD, ThbE3, H40 277 2D
TEeThd, o7 7 ATBETA2RE RV UREEESEIL - THRE IR T
P BETRWE, BEEShEREEER 4. 2% b Gibson DREH
AEE R RIT S D BARS D XA B LS. O i, BEOW
PSRRI € VRO R EFAE k5 &+ 5 Seliridge 0 HER
EFAMRIERT B E BT IV, L T HhRiie, Gibson DRzER:#
BRI EAE IR Wi hiEE biswvwbwb & Eieie b, -Gibson @
ﬁ%%ﬁUXLﬁ%O%5~ookﬁm BEDOXFA & Ve L TH—
B ERES - T b, 1 % DI A A AR T, ﬁamcw#
2 ek %, Geyer & DeWald (1973) 122 @ a2 % & B,
TREEBOWE LDV A &L D, Zhh Townsend (1971, a, b)
DRALTFIL G & b IHIT AL RELL. Livl, ROREEY
IRRHBTELE L WAS D, F1o Gibson & FIKE, HEIISI TR
B DBRIEE - TWIeh T, MERALS R, e KRS E VT
RERHE LTS, AMIEAEO 2EE D72, B BEEOE# L
T%%ﬁ%&&@%@ﬂ&bﬁﬁ%hfb%@f 203 D R DT K
R SR TR, KBRS R RERRE T 52 L, FhE&R,
ﬁ&%ﬁ@wﬁkLLmTT%kwf%% |

# - Lindsay & Norman (1972) 13 /ER iy Ch 5B EEED
DA TEREET B D LI Lie, 2R BIETER - AP - A4S - T -
ifh - BHdAR - FdR o T ETH S (Fig. 3). £LTE b, HERE
ELT, RHINWCREBEBCESEZRE, ThERIRVI 5 XTE
R CEIED bBRAT A E I~ A2 L. S ORBERRERR
THIDOIERNBTHELHBETLORTHEI I\, i, XFECIHIERIR
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7o& &, BRI S h b &, GIITREcHERERE & L CHERE
BiEhd, DFDCHAGCEBE - TRIEINAAEMHITE L. G, GHIR
RENICE ZL, KEEo»PEHLUEBRbRIGWEDY, GHRCLE- TH

Vertical  Horizontal ~ Oblique Acute Con_tinudus Discontinuous
fines lines lines angles angies curves curves

A i 2 3 '
B 1 3 | 4 2
c !
D { 2 2 !
E| { 3 4
F { 2 3
G ! | | |
H 2 | 4
1 1 2 4
J | f
K 1 2 { 2
L 1 i ' 1

M 2 2 3
N 2 [ 2
0 f
P ! 2 3 1
Q f 2 |

R i 2 1 3 1
S 2
T 1 1 2 '
U 2 1
Y 2 i

w 4 3
X 2 2

Yl ot 2 !
z 2 { 2

Right.

Fig. 3. Lindsay and Norman (1972) oRzZEHE8V A b
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EBINHT &l Lo T, FRELTULC X G LT 5ERBRPr
(C—G) R Pr(G—C) X kREVZELRDH, FE HED
5IHLTw2% Kinney et. al. (1966) ORFMRITFIF ~ 2 1xz Wi BN
FTCBENSRTHS. LnL, 2DOF — x Oy, Pr(P—->R)<
Pr(R—P), Pr(0—-Q)=Pr(Q—0) ¥, REoHBERIIRKT S
RS HE2<. 23 De/\v& 3% (missing) HEXL, D%
H%5ET 5 (false alarm) #ERO K/, BEBREROFEED T HE,
KIG-s4 7 2 DFETH H (Swets, 1964), H7E JRH 4 B fIE M T
TEZDZERIEELD DGR, fTEwvsTh, BEERE
D\ IR R CIR T B IR kAo E T E Tl B,

‘%C T, Rumelhart (1971) 1+ Fig. 4(b) g & 5 TR B —E AR B 1S
TR S BN RBERET (AN@) 2EE L, ZhizBEEY
LTAEIRDLIERE T -7cs 2 A, B BRARKTF2, EiE Lind-
say & Norman (1972) O¥EFRETI BB TEL L2 HEL TV 5
5, (Bl ik H i fii$ 5.

ABCT
JKLM
ST L

CEHT
:JEH:Q
XY 7

> < 1

|~
I

Fig. 4. Rumelha;t (1971) L5 (Rumelhart and Siple, 1974)

[2r] =@ci: Rumelhart (1970), Norman & Rumelhart (1970) (33 = >
A (multicomponent model) ZHEE L, L D E#EHABIYEELTWLA,
FREDHWTCLZ ZTIEE R LWL, ‘

™~

|
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BT & E S TR R

ETAHT, XFRATHT 5 EEFLFEBTERAZEL—OH 5. ThIT
LFEFHHE D OBRBEEORMBETHS. THXHEM popup & LI85H L
fﬁéé(m%,wmklﬁqﬂﬁﬁ%%ﬁu#<£ﬁ<,Lm%&&&
EH LOBHBBEIE L LT, XFETHDHDTHH 0. HEAEFED
BHMBRHARRER IR CTECWBEDTHEM D, ShHDEENEERT
FERET AERAE == 9 P EDL o THBDRE W 5 < FHEERE >
BB B, FRIIABCEETE DS Lt Lo LEhTLe
HLe 7 L EEBEZ BRI, S 8T, BT 7 kB TR
D, REGREREY MLE, AEPNCERPHES & LTEBEIh T
LEBEBETREBHEANIMLEY B0 H5HL, TLT FELRXESE
DHOBRBENRETH 2L, WD THREICERL T BDELHD IO
Bbhs (Fig.5). ARk, BHESR (RERHE) ~7 b2l Hubel

EHEER
g ot SaV ¥

sk

r———-%ﬁ@ﬁ%'

(3L )

websni

HIRRE &R |
IEAER RS B

HEZHEX7 b
Xs5(X1, Xg,+ - XnN)

REEER > (FialL)

oo

Fig. 5. 3054 vRROLAEE (HBDH =7 )
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& Wiesel (1959, 1965) &\~ 5 fhigs A B2 R A ik (feature detec-
tors) ZEEE L, fEES (REEH) N7 P iz 2 VOBBEREL LT
FTTCREEIN, VLOTHLERMLTEAETBENREEEOES (subjecti-
vely ensembled set of distinctive features) &4 5%. kSt w75
A LI BEEOHMOMERRREHENC I LDBFHHR T v 75 4T,
HZEIRMFEEDOT — 2N~ 2ARCMD bR TWBHbDEEL B, Thit
Massaro & Scﬁmuller (1975) o>~ 5 SIGN O A FEV. — ORI BR
s TE S bif, XF% BWicTo FHO BEBEX7 P A IEBF LR
ADFERERETET - TIWTHS . LOLEEN7 F ALRER
HREN LD LERLE - T 5. ThLIBERAEECKET S LAY
KEV: TCTEERRIDL-> TEELWLAR, —OoERNEE (h5uw
RERR I AEEE) Lt o Th, FOMERREL - R ()
KECBNTHEIRDZ EThD. LR E2ELERAELN S v & AT
Mz LTh, ZZRREREN7 P20 DD B ETHA 5 L,
RBBEDAE—FT , 7455 THL5. ABTEHREBLTOALD
FELLH5THHS L, BEFYBELTORELMAALOEHEL S ST
%5, Gibson (1969) 13, 4% W%, BEEOMMIEACERT 5,
BRIEN SIERA T 2N, BRE L THENHBMER Y LT
ke b3 5581870 & UCH £ 7o' (specificity theory), & &% DBRMN
ERL TV BAMLEBHKEL The TRAED LD TWAEREEHL
T BBERD D EBbRS.

R, REGRN 7 P AVEEERES 7 P LOBAEARITE S A, Zhieo
WTIRRD 2 2ORIENR IR BT HH 5. TiabhbE 113,
BEE7 P UDNEEY A EOTNTOLFES 7 b b —o 3 OfkE
CREIR TP D2, Thé bR - LIINCREINE D E 5
BThHY, TUTH2E, ~7 P VORBBERILOT bl » T
STHE XD O (M- FREECTh LB D 5 5), thé b b oM
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R s\ 5 BEbk O

BRI INE L, ThExE8ERREN7 P AT CHE SR 5 hE
Mrkd Lo/ vt ARKEIN, REBIC—2EK>Tcid@~<7 tro
TR BEERC O 2INBEEZELTIVOREVWIRETHD. LF
RAMOBEME L WO AR ST, b 5 RS T IBAFTRIRTO
FIECIIARY S, 52 OB ik, Rumelhart (1970) % Lindsay
& Norman (1972) A LT, HEBRF = v 7B LW RIS
b Lhigw. Lo LEBREA, S TIuE, BaiRx#rRes» HH

BREN, TEEHEREE DR EERERT = » 7 QB L FFH,

RENCBITLTPLEIELDhETHAS.

EZAT, RUEENRENRAYE VRS, POBELYRLC LT
5Dy Laberge & Samuels (1974), Laberge (1975) o a— R{kEHTH
% (Fig. 6). T7cbb, *FLFMRTRERC L » TEKAATICER
Sh, RERERCD 5FEHE LA (feature detectors) ¥ HEI RS, &
AN, BTEFC I VEEOMHAEHLEOREEHGAN, X hEROH
o=y b (XBOA—FL I8 TWEAEIRTWALD, ThbEbFit
BEMCHYT 5T T — PRI S5 C Licl s, HLWEEED
XFEREHAATENRS L, ThiZ X » TRE I IR BEIHIET 3
XF 32— FHR 0T, FEEBLHREL, ZoESEENI L08R
BMEALZH LT 2~ VA SR 5T %275, Z L CEFTAY
BLTO DREEF AR Va— FELHEOTOELRND, FFE AKX Va—
FEEBEL TR, B, Thb—BoRBRWEE TS CRE SN, F
EOMAGHEDBHBHEL BR==» | L ORADNERT S L, bu
PEEBEOBEBNZER LT BER NILBHADIL), ThbHE
W=y MIEBPEELINS X5’ L nwdh. 02— Flhic X
HXFRAMOBE) Y AT A MESIT, Fig. b cuvw i, BEREO R &
REFEORER, BREGE~27 bV LEREHEN 2 b v L R R E B RE
ENTEHNY, FDOHTIE, AED D OEBHIEHRE A (active control
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Visual Phondlogiéol Response
Memary ~ Memory : System
o B : __—ep,
- >.L, ~orni(l,) or(l,) -
8 ef >p
] 2 : 2 ‘
5’ o >l2—_"‘ -t 'f'n(Lg) ‘ .F(Lgr) . -
7y 9fal_ - 3 —_—
2 //:Q‘L3 -’—"'—',n(LZ,) i .f(Ls) :
B ®al_ / >‘p4
. TS0\, $nily) ®:r(,) ‘
oi;” O\ {1 ‘\o‘p
5 \ I 5
\ s

oe \\‘\ééé/lc.

Oe, :1 temporal-spatial event code
episodic code

feature detector

letter code ’

letter-name code

letter-name response code
phonetic response code

code activated without attention
code activated only with attention
momentary focus of attention
information flow without attention
information flow only with attention

Oez—

CCemoo

~3

———

Toes

|
!

Fig. 6. XF%0 ABRLE =7 v (Laberge, 1975)

processing) 7 LICLFBADRILT 5 LT % o DT, LFMAL HOA Y
~ K7 5 A, Lichto THEEHE, & 3BT 50K KEHER L. La-
bag(w%)mfmmmIk%?&ﬂvk%tmd<otuﬁmmhrk
NERE VET, FERIGREOZENAT HROMPBE L b 2 & %&R
LT, LOoRORRIEME LT3, ThixBREOREERTH
ST LT b e AT 0T, BEA 2 v m — FRBOMEBR L AR
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%E%hf%bf,%%&mﬁw%m.%:f,%&muT®;5t%%
HRARICDT, RRFMICHE L TR,

RHXFOHRH - BEREK

BES B, CEORBREAL ) EBEL VETELCHLS b 0T
BB, NXFAZVRBOBRR, FEEUFORAL VEHATELI LD
Thidhiils bk, EEXL hoFEREYERET A LLLE, Btk
0TI b X TFRMOBIEFYBEMET S LI X 5 e B 2
5, Ledi- TE2DRNE, XFORTER X OBEAEIEEY HBE R
TR L, TOEPEELYEE LB T L THS. LOE, KA
PHEBREL T EBIOLFRAL D OB ERIEE 35 L\ ) ER
By OB b, HEEOTBMBC I X 5 ISR rER A, £
e 5 RERGKRZBE T 2 ER2AC L L.

FE D] EROEEND, FEBXFEY v A2 Y » P XFERRE
BLToL o7 (Fig. 7). —XXFORE J3H 55 cm?, HAKLTH
3°10’ (BZEIEMEIA 90 cm), W X5 LFHO L » b1 ADHRY
FHILT, 1-2-4-8XFHthZThIldTEEL TP AEEFHFYD

(4 XFHER)
é'r%lli’ll?lt
(%). (*)
(81?#@%) |

ﬂﬂ(ﬂ\#'ﬂa’t

() () (F) (=) (+) (=) () (=)

Fig. 7. 4 - 81?#?%L%u1ﬁ%§hh@ﬁy%(v/zau,b
NEOER) L TDORE £ﬁ~
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{otepd, Fig. 7T i@y, 4XFFEEETE, (#) () ) (%)
DIRT, XFHEERTIE () () (1) (=) DIET, REBEHMEFZD
BAHBEIRET A, (F-20- =) BRERFREZERISE LWL TE
Wik, BRAEOHNHMLERGNRLS L5 LTHL. b Lb LB
NEREHTHZ LT LB T, REBEYRE s v ETHk: FTF 3
CEABELRDTHDS L, BROC EE LTFRLC e, %2
T, MDA 5 VBB E VOB LER 2 vEHEAME LT, —IE,
BHERL I bethE, () () (F-F) (=) OBEFRXERE
3456 MLLT (-=-0-=2) ODFFUTELL 3F&cD,
[FR] ETEERCR U, B ORI BONFE T v A 22 1 LT/
BOBEECHADT NS, 777 vE LICIRRL, FOBEBLFR LD
FHENRTE L &, EREN WY RICARICEAT S, RILDIERA
BT A7 4 — Py 252w, RIZ, TOREAINRIED D DRIG
AR HEHRECEL, BAXFAD TEHIET HAXLFLDOLDEENTH
55 (FHE—BXLV—FR). DARETZECRHB LRy, RIGHEKY
B, & DICRRILFIEE I ~NF(r—<HF)ZBAL, LOFLDT
VB AT —TFEERBRALTIE, 500 mseciRR L, R OREICELH LT
FATL BV, FORIGER A RIE L (BRE-HLE V-KB). 2084
BRIGDIERCET A7 4 — Foiy 2130, ZHEERRFITONWT
A5 1RTTHS. EROKTEBITELEAI0RATUEE L,
DEa@EEE L, Sk 1EMEL, FEEE L CI¥EE LR UER
B I0RMARTRE LY. BRECEHSBORFETHS. ,
[E] REIXFI—ELAHAON - VEFEEL, 2EBECIE UK
DYFxy b &2 D, HbrLd FEL e VIR (SONY-EV-310)
CEELTEL. B (FAhED) BERoL XIXFE»—~ FeEE VIR
FAH 25 (SONY-DXC-2000A) THER =T 3. 77 v % (SONY-
PVJ-51RT) bic# S h s CFHEus 7.5X85 cm? 0BE» B L THE
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Shic. KL == -1 h v vx (EER TR-5765U) ~ F5l
DFEAAFA B I OBEEET X 5.

BRE STINEYEH PAK, 24 Flx 8 ) 05 BELL
A - B4 T E G HEE, BIOELWRENTE E &DRERICK
W%, ThZhRTEOBE L LTHBREINC 7y L, RIIC4X
FHERRER O 8 UFFER LB fix 1 TR0, thlhi
Fig.8,9 wird. IEH4AR, FEERE L OREERGRKE-TFhcoWT
b WERE A7 — 2 2 I Licok, FEERICET AT R0 iR
DR BAZEL DD, TO0E VTV 4 vev a4 XT5Z 81, FAE
R, FERLMAERCREE OHMBEIRE 25 BRCRbwEBbhic
HHTHS. FAERGKEIC VT, BB X o8 s Balds
b, XFMeTm o b LTHBD, T—205RT1HMEC->TLES
DT, 3RTHOTOoOBEFEELE - THD. 77 7OHRBELRL - ED
ERWHDT2RITER L TWBDIXLDIDTHB.

HRBEPBELZ77 71, E5FETLL, TOXFOIELWiAE D
WIEINTEH T E I o 7o L IRT.

STINHLDOENG, FTRECFEEREIFLEDO LN L D HLIXRL,
FEERCED E CRBRATOENSH D LBN—BEATHS. Zhig,
FDDFEET R, DEVHAEOHPBRWAEL DV SHEILE WS
—BEIe T REEODL.

K, MFECRT sRERGREORABMGETH DL, ZORKDFH
#HiL, HRSERED T, 2RNERTT< R Ed 220 MEE D
D&, TLTEDBR, TOEMEPRAEELBED 7 v AT L7
TR -TWAZETHAHY. Tihbb, UAFHAEIDALE—-FT
ik, BRONTCXFTNCOHAE VKRS X 5 wein - Bl c—
BEL, ROTEEZXELVEHEIHED X5t IeBE» bBEOAECE
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