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S u m m a r y 

P a t t e r n recogni t ion in m a n is a s s u m e d to 
be m e d i a t e d by a h i e r a r c h i c a?, o rgan iza t ion of s p e 
c ia l i zed s y s t e m s , each of which a b s t r a c t s a c e r t a i n 
p r o p e r t y f rom i ts input . Some c h a r a c t e r i s t i c s of 
the ove ra l l o rgan iza t ion can be i n f e r r ed f rom the 
t i m e s that a r e needed to c a r r y out va r ious in fo rma
t ion p r o c e s s e s . These t i m e s can be de t e rmined in
dependently of r e a c t i o n f ac to r s by a scanning method 
P r e l i m i n a r y r e s u l t s with the method demons t r a t e 
the flexibil i ty of the p r o c e s s i n g h i e r a r c h y in m a n . 
They a lso sugges t that p a r a l l e l p r o c e s s i n g is u sed 
unde r some condi t ions , while sequen t ia l p r o c e d u r e s 
a r e dominant in o t h e r s . 

It is a commonplace now tha t pe rcep t ion 
and judgement involve the p r o c e s s i n g of in format ion . 
The wor ld p r e s e n t s i tself to our s e n s e - o r g a n s in a 
super f ic ia l ly chaotic flow of data, f rom which p e r 
ce ived objects as wel l as concepts and ideas a r e a b 
s t r a c t i o n s . Human behavior can be r e g a r d e d as con
s i s t ing of a s e r i e s of dec is ions each of which is b a s e d 
on v e r y extens ive s t imulus ana lys i s c a r r i e d out over 
t i m e . F r o m this point of view, the psychologis t who 
s tud ies cognition is examining the c h a r a c t e r i s t i c s of 
a p r o c e s s i n g s y s t e m . 

It s e e m s c lea r that the adult human p e r c e p 
tua l and cognitive appa ra tus m u s t be h i e r a r c h i c a l l y 
o rgan i zed . A s y s t e m so flexibly able to r e s p o n d to 
m a n y p r o p e r t i e s of the input can not be r ad i ca l l y r e 
des igned for each t a s k . F o r the m o s t pa r t , new 
s t imu lus ana lyses m u s t occur by r eo rgan i za t i on of 
exis t ing p a r t s r a t h e r than by s t a r t i ng f rom s c r a t c h . 
"When you l e a r n to r ecogn i ze a new word, for e x a m 
p le , you ce r t a in ly u s e p r e - e x i s t i n g and es tab l i shed 
s u b - s y s t e m s that identify the l e t t e r s of the Engl i sh 
l anguage . You s imply u s e a novel combinat ion of 
t he i r ou tputs . The l e t t e r - s y s t e m s , in tu rn , a r e p r o b 
ably fed by the output of s i m p l e r o rgan iza t ions (let 
u s ca l l t h e m " r e c o g n i z e r s " ) which se lec t va r ious 
kinds of cu rves and shapes f rom the v i sua l input. 

T h e r e a r e t h r e e fundamental methods for 
explor ing the organiza t ion of the p r o c e s s i n g h i e r 
a r c h y in m a n . We can look inside with the t e c h 
niques of physiology; we can take another kind of 
look by in t rospec t ing on the p r o c e s s e s as they occur 
in o u r s e l v e s ; or we can m a k e in fe rences f rom human 
b e h a v i o r . Each method has both advantages and 
d rawbacks , and th is i s not the p lace to d i scuss t h e m . 
The p r o c e d u r e r e p o r t e d h e r e is ba sed on inference 

f rom behavior , as is m o s t of m o d e r n psychology. 
In p a r t i c u l a r , it t akes advantage of c e r t a i n t i m e -
r e l a t i o n s in human cognit ive ac t iv i ty . However 
fas t the informat ion p r o c e s s e s m a y be , they m u s t 
occur in r e a l t i m e . In s i tuat ions which p e r m i t 
r e a s o n a b l e inferences about the p a t t e r n s of p r o c e s s 
ing, we m a y be able to find conf i rmat ion by looking 
at the t i m e s involved. 

A p a r t i c u l a r l y in t e re s t ing quest ion s t e m s 
f rom the dist inct ion, in p r o g r a m m i n g , be tween 1 
p a r a l l e l and sequent ia l p r o c e s s i n g . As Selfridge 
has pointed out (see a l so Selfridge and N e i s s e r ^) , 
a device for pa t t e rn recogni t ion m a y u s e e i ther of , 
two fundamental m o d e s , which have been cal led 
sequen t ia l and p a r a l l e l . They m a y be u s e d singly 
or in combinat ion. In the sequent ia l mode , each 
p a r t i a l ana lys i s of the input r e s u l t s in a decis ion 
which governs the type of ana lys i s to be m a d e next . 
Only one p r o c e s s i s c a r r i e d out at a t i m e , and the 
p a r t i c u l a r sequence of p r o c e s s e s d e t e r m i n e s the 
final r e s u l t . In the p a r a l l e l mode , many ana lyses 
a r e made s imul taneous ly , with the outcome depend
ing on some (perhaps l inea r ) combinat ion of the i r 
ou tpu ts . How do human beings o p e r a t e ? It is ev i 
dent f rom in t rospec t ion and g r o s s obse rva t ion that 
the sequent ia l mode i s common . We often think, 
and act , s t e p - b y - s t e p . On the other hand, the anat 
omy of the nervous s y s t e m r a t h e r sugges t s p a r a l l e l 
ope ra t ion . It i s l ikely that people a r e capable of 
working in e i ther mode , depending on c i r c u m s t a n c e s . 
The so r t of t i m e - a n a l y s i s to be d e s c r i b e d h e r e is 
p a r t i c u l a r l y wel l adapted for d i scover ing these 
c i r c u m s t a n c e s . 

Method 

Fundamenta l ly , our expe r imen t s involve 
t i m e d v i sua l pa t t e rn recogn i t ion . That i s , the sub 
j ec t m u s t decide as quickly as poss ib le whether the 
s t imulus input has a c e r t a i n p r o p e r t y or not . Typ
ical ly , the input might be a l e t t e r , and the quest ion 
might be whether it i s the l e t t e r " Z " . We a s s u m e 
that at l eas t two leve ls of p r o c e s s i n g a r e involvedin 
such a t a s k . Ce r t a in v i sua l c h a r a c t e r i s t i c s a r e a b 
s t r a c t e d f rom the input - - r o u n d n e s s , angula r i ty , 
the s lopes of l i nes , and so on - - by s u b - s y s t e m s 
we m a y ca l l s h a p e - r e c o g n i z e r s . The r e c o g n i z e r 
for a l e t t e r , say " Z " , i s some weighted combina
t ion of the i r outputs . F o r example , a c e r t a i n v i sua l 
p a t t e r n might p roduce a pos i t ive r e s p o n s e in a 
r e c o g n i z e r for ho r i zon ta l l i ne s , and in another which 
de tec ted s lan ted l i n e s . These two in t u r n would 
ac t iva te the recogni t ion s y s t e m for " Z " , but not that 
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for " O " . (Note that the effectiveness of t he se p a r 
t i cu la r s h a p e - r e c o g n i z e r s depends on context . 
They would not s e r v e to dis t inguish be tween " Z " 
and "A", although it i s easy to imagine o the r s that 
would . ) To be s u r e , we do not a s s u m e that t he se 
p a r t i c u l a r s h a p e - r e c o g n i z e r s exis t in any p e r s o n . 
They a r e mean t only as i l lus t ra t ive e x a m p l e s . 

Suppose now that s e v e r a l l e t t e r s a r e p r e 
sen ted at once, and the subject is a sked whether 
any of t h e m is " Z " . If he can p r o c e s s t hem s i m 
ul taneous ly , in p a r a l l e l , h i s speed wil l be inde
pendent of the number of l e t t e r s . If he m u s t e x a m 
ine them one by one, h is t ime wil l i n c r e a s e l i n e a r 
ly with the number of l e t t e r s . To be s u r e , t h e r e 
i s no doubt that the p roces s ing m u s t be sequent ia l 
if the number of l e t t e r s is l a r g e . We cannot e x a m 
ine an en t i r e page in a f lash, if only b e c a u s e of the 
l imi ted a r e a on which the eye can focus . But i s 
t h e r e a m o r e in t r i n s i c l imi ta t ion? 

Another in te res t ing ca se a r i s e s if the sub
j ec t i s not looking for " Z " a lone, but for e i ther of 
two l e t t e r s ; s ay " Z " or " Q " . It is evident that t hese 
two l e t t e r s r e q u i r e different s h a p e - r e c o g n i z e r s . 
That i s , two different ana lyses of the s a m e v i sua l 
input m u s t be m a d e . We could eas i ly build a com
puter to make t h e m s imul taneous ly . But can human 
in fo rma t ion -p roces s ing go on in p a r a l l e l under 
t h e s e condi t ions? If so , is t h e r e a l imi ta t ion on the 
amount of p a r a l l e l act ivi ty that can be c a r r i e d on? 
A p r o g r a m of r e s e a r c h is under way to answer 
t h e s e ques t ions , and some p r e l i m i n a r y r e s u l t s can 
be p r e s e n t e d h e r e . 

Unfortunately, the ac tua l expe r imen t s can 
not be as s imple as the prototype de sc r i bed above. 
The t ime which a human subject needs in o r d e r to 
indicate whether a given le t te r is " Z " includes 
m u c h m o r e than s t i m u l u s - a n a l y s i s . The to ta l m e a s 
u rab le r e a c t i o n t i m e includes the r e s p o n s e i tself 
as w e l l . Nor can we safely cons ider the to ta l t ime 
as the sum of two p a r t s . T h e r e a r e many compon
ents : the subject mus t f ixate, m u s t begin ac tua l 
s e a r c h , m u s t decide to r e a c t , m u s t ac tual ly r e s 
pond (by speaking, or p r e s s i n g a button) e t c . In 
addit ion, the i n t e r r e l a t i on between t h e s e t i m e s may 
change if the p r o b l e m i s a l t e r ed . F o r example , 
the final dec is ion to p r e s s the but ton m a y be longer 
delayed in p r o b l e m s where the subject feels r e l a 
t ive ly l e s s confident. Analysis of s imple r e a c t i o n 
t i m e s is unl ikely to give adequate a n s w e r s to our 
ques t ions . Indeed, r e a c t i o n - t i m e ana lys i s was 
common in n ine teen th-cen tury psychology, and was 
u l t imate ly abandoned for these r e a s o n s . 

It s e e m s poss ib l e , however , to obtain a 
m e a s u r e of p r o c e s s i n g t ime that is r e l a t i ve ly in
dependent of r e a c t i o n factors ." We have t r i e d to 
achieve this by using a scanning technique ins tead 
of m e a s u r i n g r e a c t i o n t i m e s d i r ec t ly . The subject 
is not p r e s e n t e d with a single s t r ing of l e t t e r s , but 
with a l i s t of fifty s t r i n g s , a r r a n g e d in a column. 
In the en t i r e l i s t , only a single s t r ing has the c r i t 
i ca l p r o p e r t y . A typ ica l l is t is shown in F i g u r e 1. 
In th is c a s e , the subject is to look for a " Z " . As 
soon as the l i s t is shown, he begins to scan down 
f rom the t op . When he comes upon the i t e m with a 
" Z " (in th is ca se tfie 15th one down), he t u r n s a 
swi tch . The switch s tops a clock, which had been 
s t a r t e d at the ins tan t the l is t was p r e s e n t e d . Thus , 
the t i m e needed to find the c r i t i c a l i t em is r e c o r d e d 

Of c o u r s e , the number a t t h e bot tom of the l i s t , 
which identif ies the posi t ion of the Z, is concea led 
f rom the sub jec t ' s view. To i n s u r e tha t he has 
actual ly found the c r i t i c a l i tem, he is i n s t r u c t e d to 
t u r n the switch to the r igh t if the i t e m has a dot 
bes ide it, and to the left o t h e r w i s e . Both d i rec t ions 
s top the clock, but the expe r imen te r can check 
whether the dec is ion was c o r r e c t . 

When th is method is used , the scanning t ime 
n e c e s s a r i l y depends on the posi t ion of the c r i t i c a l 
i t em in the l i s t . The t ime wil l n e c e s s a r i l y be g r e a t 
e r for l i s t s with the " Z " n e a r e r the b o t t o m. If the 
subject is given a number of l i s t s , each with the 
c r i t i c a l i t e m in a different pos i t ion , it b e c o m e s 
poss ib le to plot the t ime as a function of the l i s t -
pos i t ion of the i t e m , Sach a plot is shown in F i g u r e 
2 . Each point in the f igure r e p r e s e n t s the s e a r c h 
t ime on a s ingle l i s t . All of t h e m w e r e p roduced 
by one subject in a t en -minu te s e s s i o n , working 
on one p r o b l e m . He s imply scanned down each l i s t 
unt i l he came to a " Z n . Actual ly, our subjec ts a lways 
scan 20 l i s t s in each p r o b l e m , but the f i r s t s ix a r e 
cons ide red p r a c t i c e . F r o m the sub jec t ' s point of 
view, the different poss ib le pos i t ions of the c r i t i c a l 
i t em occur at r andom, so he cannot p r ed i c t in ad
vance where h is scan will end. Actual ly, the six 
p r a c t i c e l i s t s always have c r i t i c a l i t ems in pos i t ions 
5, 6, 25, 3 0 , 4 5 , and 46, and the 14 l i s t s to be u s e d 
in de te rmin ing T / l have the i r c r i t i c a l i t ems in p o s i 
t ions 9, 11 , 14, 16, 19, . . . , 39 and 4 1 . The o r d e r of 
p r e sen t a t i on is r a n d o m i z e d s e p a r a t e l y for the p r a c 
t i ce l i s t s and the exper imen ta l l i s t s . Thus , while 
the subject is kept a l e r t to the poss ib i l i ty of finding 
the i t em nea r the v e r y top or bot tom of the l i s t , t hese 
e x t r e m e pos i t ions a r e not u sed in the ana lys i s of the 
da ta . T h e r e is good r e a s o n to suppose that d e p a r t u r e s 
f rom l inea r i ty wil l occur at the e x t r e m e s , e spec ia l ly 
at the beginning. 

The s t r a igh t l ine in F i g u r e 2 has been v isual ly 
f i t ted to the p o i n t s . It i s a r e p r e s e n t a t i v e example 
of the extent to which our data approach l i nea r i t y . 
The fit is gene ra l ly good enough so we feel jus t i f ied 
in t r ea t ing the a v e r a g e t ime pe r i t e m scanned (T / l ) 
as a meaningful quantity, which can be d i r ec t ly d e 
t e r m i n e d f rom the slope of the l i ne . (We do not imply 
that each i t e m is s e p a r a t e l y f ixated or p r o c e s s e d . 
Even if the subject t r e a t s t hem in g r o u p s , T / l r e 
m a i n s a val id m e a s u r e for the c o m p a r i s o n of s c a n 
ning t ime a c r o s s different types of l i s t s . ) 

The types of logical p r o c e s s i n g that can be 
explored with th is method include any abs t r ac t i ons 
whatever that can s e r v e to d is t inguish one i t em in 
such a l i s t f rom a l l the o t h e r s . The p r e s e n c e of a 
p a r t i c u l a r l e t t e r is m e r e l y an e x a m p l e . The e x p e r i 
m e n t e r m a y r e q u i r e the p r e s e n c e of e i ther of two 
l e t t e r s , or of both, or of a p a r t i c u l a r s e q u e n c e . The 
c r i t i c a l f ea tu re can a lso be the absence of a l e t t e r 
or of some logical combinat ion of l e t t e r s . In eve ry 
c a s e , the T / l being m e a s u r e d is for the opposi te of 
the function being sought by the subjec t . If he is look
ing for a " Z " , then a l l the i t e m s he scans contain no 
11 Z n , and T / l r e f l e c t s the t i m e n e c e s s a r y to m a k e 
ce r t a in that "ZTt i s absen t . If he is looking for the 
absence of " Z " , each of the i t e m s scanned n e c e s s a r i l y 
contains one, and T / l m e a s u r e s the t i m e n e c e s s a r y 
to p r o c e s s i t . 
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P r o c e d u r e and Resu l t s 

The p r e s e n t paper is a r e p o r t of an exp lo r 
a t o r y expe r imen t with th is me thod of t i m e - a n a l y s i s . 
T h r e e subjec ts w e r e sys t ema t i ca l ly given a va r i e ty 
of funct ions, us ing i t ems of two different l eng ths . 
Although the sample is s m a l l , the r e s u l t s s e e m 
cons i s t en t enough, and informat ive enough, to j u s 
tify a p r e l i m i n a r y r e p o r t . F u r t h e r work is in p r o g 
r e s s to check on the findings of this s tudy. 

The des ign of the expe r imen t included seven 
different funct ions, or p r o b l e m s . T h r e e w e r e p o s i 
t ive , in the sense that the subject was looking for 
the f i r s t o c c u r r e n c e of someth ing . These functions 
w e r e " Z " , " Q" , and "ZvQ" . In the l a s t of t h e s e , 
the c r i t i c a l i t em was defined by the f i r s t appearance 
of e i ther " Z " or "Q" or both t oge the r . (The " o r " 
l i s t s w e r e so cons t ruc ted that each type of c r i t i c a l 
i t em actual ly o c c u r r e d in approx imate ly o n e - t h i r d 
of the twenty l i s t s . ) In addition to t h e s e pos i t ive 
funct ions, we s tudied four o the r s that w e r e negat ive 
or m i x e d . These w e r e " - Z " , "~Q", " - Z v Q " , and 
" Z v - Q " . In the f i r s t two the subject scanned down 
i t e m s containing the l e t t e r in ques t ion unt i l he found 
one without i t . In the l a s t two, the c r i t i c a l i t em 
might be d is t inguished e i ther by the absence of some 
l e t t e r (that a l l the o the r s had), or by the p r e s e n c e 
of another (that no other i t em had) , or by both . 

These seven functions w e r e r e a l i z e d in two 
se t s of l i s t s . In one se t , each i t em was s ix l e t t e r s 
long; in t he ,o the r , each had only two l e t t e r s . The 
seven functions and two lengths y ie lded 14 e x p e r i 
m e n t a l condi t ions . The subjec ts went through two 
condit ions ( i . e . , scanned for ty l i s t s ) at a s e s s ion , 
which took about half an h o u r . The f i r s t two s e s 
s ions w e r e devoted to p r a c t i c e with vary ing types 
of l i s t s . The rea f t e r , each subject worked in each 
condit ion tw ice . To cont ro l for the effects of o r d e r 
and p r a c t i c e , the 14 conditions w e r e f i r s t given in 
a c e r t a i n o r d e r (different for each subject) and then 
r e p e a t e d in r e v e r s e o r d e r . The r e s u l t s have been 
p lo t ted , and s lopes ca lcula ted for the bes t - f i t l i n e s . 

The l i s t s w e r e p r e p a r e d by an IBM 7090 
compu te r , and p r in t ed on an ANELEX. In p r e p a r 
ing the l i s t s , the computer p r o g r a m fo rmed r a n 
dom p e r m u t a t i o n s of the l e t t e r s J , P , Q, S, T, V, X, Z, 
and examined the l a s t s ix (or two) p l aces of the 
p e r m u t a t i o n to see if it was an example of the de
s i r e d function ( e . g . , if it contained " Z " ) . The p r o 
g r a m p r e p a r e d r andomly o r d e r e d l i s t s of non-
e x a m p l e s , i n s e r t e d p rope r examples into the chosen 
l i s t - p o s i t i o n s , and p r e p a r e d an app rop r i a t e ly s p a c 
ed p r in tou t . The pr intout was cut into s e p a r a t e l i s t s 
and p a s t e d on to 2 x 11 c a r d s for e x p e r i m e n t a l u s e . 
An appa ra tu s was cons t ruc ted in which such a c a r d 
fit under a sp r ing - loaded door . When the door was 
opened by the e x p e r i m e n t e r , a t i m e r was in i t ia ted 
which cont inued to r u n unt i l the t u r n of the subject's 
switch indica ted that he had found the c r i t i c a l i t e m . 
Occas iona l ly he over looked it , and scanned to the 
bo t tom of the l i s t . These t r i a l s w e r e d i s ca rded , 
and the s a m e l i s t was r e - u s e d l a t e r in the s a m e 
s e s s i o n . 

The author grateful ly acknowledges the a s s i s t a n c e 
of P a u l Weene, who designed and buil t the a p p a r a t u s , 
and of Emi ly C a r o t a and Ar thur Warmoth , who a s s i s t 
ed in the e x p e r i m e n t . 

The r e s u l t s of the exper imen t a r e d isp layed 
in Table 1. The in t e rna l cons i s tency of the data is 
good, for the m o s t p a r t . The two r ep l i ca t i ons of 
each condition usua l ly y ie ld v e r y s i m i l a r va lues 
of T / l , although two of the subjec ts (LS and MA) 
show dis t inct improvemen t with p r a c t i c e , with the 
second r u n genera l ly fas te r than the f i r s t . The 
impor tan t t r e n d s can be s u m m a r i z e d as follows: 

1) " - Q " is s lower than "Q"; " - Z " is s lower 
than " Z " . 

2) In the posi t ive funct ions, " Z " is s lower 
than " Q " . 

3) 2 - l e t t e r i t e m s can be scanned m o r e quickly 
than 6 - le t t e r i t e m s . 

4) "QvZ" takes no longer than does "Z11 a lone . 
5) With two l e t t e r s , the negat ive and mixed 

functions a r e a l l equally fas t . 
6) With six l e t t e r s , the negat ive and mixed 

functions v a r y in difficulty. 

Conclusions 

1) In scanning for " - Z " , the subject m u s t 
m a k e s u r e that each i t em he p a s s e s does contain 
a " Z " . The recogni t ion s u b - s y s t e m , or r e c o g n i z e r , 
for " Z " m u s t be fully ac t ivated each t i m e , and the 
high va lues of T / l r e f l ec t th is r e q u i r e m e n t . In the 
posi t ive function, by con t r a s t , the Z - r e c o g n i z e r is 
not fully ac t iva ted unt i l the c r i t i c a l i t em is r e a c h e d . 
However , the subject mus t s can slowly enough so 
that th is r e c o g n i z e r could r e a c t with the p r o p e r 
input. In other w o r d s , the s h a p e - r e c o g n i z e r s which 
dis t inguish be tween " Z " and other l e t t e r s m u s t 
have t i m e to ac t . The o b s e r v e d t ime-d i f f e r ence 
be tween posi t ive and negat ive functions m a y be a s 
sumed to c o r r e s p o n d to the different l eve l s in the 
p r o c e s s i n g h i e r a r c h y which they r e q u i r e . The p o s 
i t ive functions need only enough t i m e for such r e c o g 
n i z e r s as (for example) "pa i r ed ho r i zon ta l l i n e s " 
or "angle near t o p " . The negat ive functions m u s t 
have t i m e enough for, say , " Z " i t se l f to r e c e i v e i ts 
input f rom such f ea tu re s and then to r e a c t . P e r h a p s 
we a r e just i f ied in saying that any a r t i f i c i a l p a t t e r n 
recogniz ing s y s t e m , if o rgan ized in p a r a l l e l , would 
display t h e s e t i m e d i f fe rences . 

2) The two- l eve l h i e r a r c h y b e c o m e s m o r e 
a r t i cu l a t e when we cons ider the difference be tween 
" Z " and " Q " . Why should some l e t t e r s be h a r d e r 
to find than o t h e r s ? Evident ly , ident if icat ion of " Z " 
involves different f ea tu re s of the v i sua l s t imulus 
than identif icat ion of " Q " , and p r o c e s s i n g the l a t t e r 
is e a s i e r than the f o r m e r . Without d i r ec t knowledge 
of the c r i t i c a l p r o p e r t i e s , we can only specu la te 
about the r e a s o n . P e r h a p s the s h a p e - r e c o g n i z e r s 
involved with " Z " a r e t h e m s e l v e s h i e r a r c h i c a l l y 
deeper than those for "Q" . P e r h a p s it is only tha t 
m o r e a t t r ibu tes of shape m u s t be examined for 
" Z " , but we sha l l s e e l a t e r (No. 4 , below) that th i s 
might not r e q u i r e an i n c r e a s e in t i m e . 

It would be haza rdous to suppose that the l e t t e r 
"Q" is i n t r in s i ca l ly e a s i e r to see than " Z " . The con
tex t of a l t e rna t ive l e t t e r s m u s t play an impor tan t p a r t . 
The s h a p e - r e c o g n i z e r s that suffice to d is t inguish 
"Q" f rom J , P , S , T , V , X , and Z migh t not be a d e 
quate in a context tha t included C, D, G, and O. The 
p r o c e s s i n g s y s t e m m u s t be expected to change with 
the context, and T / l wil l a l so change . We a r e now 
conducting an expe r imen t to explore th is point . 
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3) At f i r s t thought, it s e e m s en t i re ly r e a 
sonable that s ix l e t t e r s should take longer than two. 
After a l l , each i t em contains subs tant ia l ly m o r e 
informat ion in the 6 - le t t e r c a s e . -Yet it would be 
easy to bui ld a 6-channel device that would handle 
both c a s e s with equal speed . It follows that the 
subjec ts a r e not act ing like such a device; they do 
not p r o c e s s a l l the l e t t e r s in p a r a l l e l . T h e r e is no 
immedia t e ly c lea r r e a s o n why they should not do 
s o . The en t i r e s ix l e t t e r s subtend a v i sua l angle 
of l e s s than 5 ° , and can eas i ly be r e a d in a s ingle 
f ixat ion. Thus , the v i s u a l informat ion can al l get 
to the co r t ex s imul taneous ly . ( E x p e r i m e n t s now 
in p r o g r e s s conf i rm that the ac tua l number of 
l e t t e r s , and not the i r spa t ia l s epa ra t ion , is the 
impor t an t v a r i a b l e . ) We conclude tha t , at l e a s t 
under some c i r c u m s t a n c e s , the shape r e c o g n i z e r s 
can not be appl ied s imul taneous ly in different r e 
gions of the v i sua l f ield. On the other hand, the i r 
appl icat ion is p robab ly not s imply s u c c e s s i v e ; T / I 
does not t r i p l e as we go f rom two l e t t e r s to s ix . 
Pending fur ther r e s e a r c h , we can only s t a te that 
fully p a r a l l e l opera t ion , at l eas t , is not the r u l e 
for spa t ia l ly s e p a r a t e inputs . 

4) On the other hand, the c l e a r - c u t r e s u l t s 
with "QvZ" show that fully p a r a l l e l opera t ion can 
be achieved among var ious s h a p e - r e c o g n i z e r s ac t 
ing on the s a m e input. The re can be no doubt that 
the s y s t e m examines different f ea tu res of the s t i m 
ulus p a t t e r n in looking for "Q" than for " Z " , but 
the examinat ion u s e s no ex t ra t i m e . It follows that 
different e l e m e n t a r y f igural p r o p e r t i e s can be p r o c 
e s s e d s imul t aneous ly . 

In a p ro jec ted exper imen t , we will examine 
" o r " functions of m o r e than two v a r i a b l e s , such as 
"QvPvXvZ" . One wonders whether t h e r e is an effec
t ive upper l imi t to the number of p a r a l l e l s e a r c h e s 
which can be c a r r i e d on. It s e e m s at l ea s t poss ib le 
tha t t h e r e is no such l imi t . The quest ion can be 
r e f e r r e d to a common exper ience : anyone can scan 
a c rowd to see if it contains a fami l i a r f ace . Does 
scanning t i m e i n c r e a s e with the number of r e c o g 
nizable acquain tances we have made in the p a s t ? 

5) The equivalence of the T / l va lues for a l l 
the negat ive and mixed functions in the two- le t t e r 
c a s e s e e m s pa radox ica l at f i r s t . We would have at 
l ea s t expected " - Q " to differ f rom " - Z " . A look at 
the l i s t t h e m s e l v e s explains the pa radox , however , 
and e m p h a s i z e s the g r ea t f lexibil i ty of organiza t ion 
which c h a r a c t e r i z e s human p a t t e r n recogni t ion . In 
" - Z " , as in , T -ZvQ", each i t em except the c r i t i c a l 
one contains a " Z " . * Since the i t ems a r e but two 
l e t t e r s long, the " Z " in any i t e m has a 50-50 chance 
of lying exact ly undernea th the " Z " in the p reced ing 
i t e m . The v i sua l effect i s the fo rmat ion of sho r t 
and long columns of " Z s n , shifting haphaza rd ly b e 
tween the left and the r igh t s ides of the l i s t . The 
subjec ts commented spontaneously that they handled 
t h e s e l i s t s differently f rom the o t h e r s , following 
t h e s e columns with the i r eyes without heeding the 
ho r i zon ta l s t r u c t u r e of the i t e m s at a l l . Es sen t i a l l y , 
they w e r e us ing different s h a p e - r e c o g n i z e r s . The 
f e a t u r e s that d is t inguish " Z " f rom other l e t t e r s in 
a r o w a r e not the s a m e as those which m a r k the 
continuity of a column of " Z s " . The column-cont in
ui ty f ea tu re s of " Z " s e e m to be no different, or at 
l e a s t no m o r e complex, than those for " Q " . 

This r e s u l t , m o r e than any o ther , empha
s i z e s the e x t r a o r d i n a r y adapt iveness of human in
fo rmat ion p r o c e s s i n g . It is unlikely that any 
a r t i f i c ia l device we wil l know how to m a k e in the 
nea r future wil l be as efficient in taking advantage 
of the v a g a r i e s of i ts env i ronment . 

6) The remain ing r e s u l t s a r e not easy to 
i n t e r p r e t . The T / l for " - Q v Z " is much longer 
than the model we have been using would p r e d i c t . 
We would have expected it to be nea r the value 
for " - Q " . 

In s u m m a r y , we have p r e s e n t e d a rough 
mode l of human informat ion p r o c e s s e s , a method 
for studying these p r o c e s s e s in de ta i l , and some 
p r e l i m i n a r y data obtained by the me thod . The 
m o d e l i s s imply a h i e r a r c h i c a l o rgan iza t ion of 
spec ia l i zed s u b s y s t e m s , ca l led " r e c o g n i z e r s " * 
which effectively a b s t r a c t c e r t a i n f ea tu re s f rom 
the i r input . The method cons i s t s of m e a s u r i n g 
the a v e r a g e t i m e needed to p r o c e s s s u c c e s s i v e 
i t ems of a l i s t tha t is being scanned for some 
p a r t i c u l a r c h a r a c t e r i s t i c . The da ta sugges t that 
different e l emen ta ry r e c o g n i z e r s have different 
opera t ing t i m e s ; tha t different r e c o g n i z e r s can 
ope ra t e s imul taneous ly on the s a m e input; that 
spa t ia l ly d is t inct p a r t s of the input cannot be 
handled en t i re ly s imul taneously ; and that the 
p r o c e s s i n g h i e r a r c h y can be flexibly adjusted to 
m e e t the demands and oppor tuni t ies of the t a sk . 

*In the case of the function "-ZvQ" the c r i t i c a l 
item i t s e l f may also contain a "Z" ( i f i t contains 
a "Q"). However, t h i s does not s u b s t a n t i a l l y 
change the present argument, though i t suggests 
t h a t the subjects can check for the presence of a 
"Q" simultaneously with t racking the columns of 
"Zs". 

** The model i s a vers ion of Se l f r idge ' s 
"Pandemonium", i n which the subsystems were 
ca l l ed demons. 
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XVSJTQ 
TXSVQP. 
XPTQJV 
PTOSXV. 
PJ9XOT 
QJVXSP. 
PVOTSJ 
SVOPXJ. 
TXOSJV 
XSTPOV. 
JSXQPT 
QVXPTS. 
PSOVTX 
JTXSQV. 
ZVJPXQ 
XQVJSP. 
QJVXTP 
OJTSXP. 
XOPJST 
VJ9PT0. 
XJVQSP 
PXJTOS. 
PXJSTQ 
QSTJVP. 
PJVSTQ 
TJOSPV. 
VQXJST 
XOVSPT. 
JQVSTX 
VSJPXQ. 
XPJVQS 
PTJSXV. 
PSQVTJ 
VPTJQX. 
PTSVJX 
SQXTJP. 
SJVPTX 
QTVPJX. 
PVXSTQ 
PVOJSX. 
JVOPSX 
PJVXTS. 
TQBXJV 
XPVJSQ. 
SXVTQP 
TSOXVJ. 
VXPSJQ 
PXJTSV. 
JXTVPQ 
XVPQTJ. 

15 

C54-44 

rle. 1 
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Length: 

Subjects: 

Function 

Q 

Z 

QvZ 

-Q 

-Z 

-ZvQ 

-QvZ 

Table I. 

SS 

15 
14 

23 
26 

24 
25 

34 
32 

34 
30 

30 
32 

34 
36 

T/l 

two letters 

LS 

13 
06 

31 
22 

22 
20 

35 
28 

36 
34 

39 
37 

32 
47 

'. as a : 

M A 

07 
06 

19 
17 

20 
16 

33 
28 

40 
26 

28 
33 

28 
28 

function 

mean 

(10) 

(23) 

(21) 

(32) 

(33) 

(33) 

(34) 

of exp 

SS 

20 
14 

38 
70 

52 
47 

36 
30 

56 
60 

60 
68 

132 
95 

six 

LS 

16 
13 

62 
49 

86 
44 

68 
60 

96 
88 

96 
98 

104 
82 

letters 

M A 

11 
08 

60 
51 

59 
51 

46 
36 

73 
52 

90 
58 

75 
66 

mean 

(14) 

(55) 

(57) 

(46) 

(71) 

(78) 

(92) 

and subjects. Replications appear with the 
second beneath the first . Times are in 
hundredths of a second. Each mean is based 
on the six figures to the left of i t . 






