VISUAL SEARCH

The cognitive operations involved in looking for a face in a o
or a word in a list can be studied by timing the scanning proce

Apparently many such operations can be carried out simultaneg

ne of the faces in the crowd at the
O top of the oppusite page is that

of John F. Kennedy, watching a
football game shortly before his inaugu-
ration. Most people find it easy to sin-
gle him out by scanning the photograph
quickly, with scarcely a glance at the
other faces. We perform such searching
and scanning operations many times a
day, for example in locking up the tele-
phone number of a Mr. Smith who lives
on Fifteenth Street, There are a lot of
Smiths, but it does not take long to skim
down the column to the correct address;
the irrelevant addresses are passed over
so quickly that they seem blurred. In a

. sense they are not seen at all. In much

the same way one sees, but does not see,
dozens of hurrying figures when trying
to locate a friend in a busy air terminal.
And yet the context—the unfamiliar
travelers, the wrong addresses, the
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SEARCH TASK here is to find the one
three-digit number that is a maultiple of 7.

by Ulric Neisser

crowd of faces surrounding Mr. Ken-
nedy—must surely be examined if the
search is to succeed. The scanner must
extract enough information from the
elements of the context to make sure, or
at least to suggest, that they lack the
properties that define the object of his
search. So in a sense the context is seen.
There are evidently intermediate stages
of perception; it is not a case of “now
you see it” or “now you don’t” but of
something in between.

The complexity of the cognitive proc-
esses operating at these stages depends
on the nature of the target and the field.
In one extreme case the field is empty
except for the target; elementary visual
mechanisms for distinguishing contrast
and contour suffice to locate the para-
chutist against a cloudy sky in the il-
lustration at the bottom of the oppo-
site page. The column of numbers on
this page, however, represents a very
different task: the search is for the
one number in the list that is a multiple
of 7, and in this case the analysis re-
quired is far more than visual. It does
begin with elementary discriminations
of lines and curves that form a pat-
tern, but it goes on to interpret those
patterns as numbers and then to sub-
ject the numbers to a rather advanced
symbolic process. The search for Mr.
Smith’s telephone number is at an in-
termediate level of complexity, some-
where between “seeing” and “reading.”
The information in the wrong addresses
need not be processed fully; the visual
pattern of the street names penetrates
the nervous system only far enough
so that some subsystem sensitive to
“Fifteenth Street” can have an oppor-
tunity to react.

Perceptual analysis, then, has many
levels. It seems to be carried out by
a multitude of separate mechanisms ar-

ranged in a hierarchy, the mm
mgchamisms receiving as their iy
mformation that has been assip
and predigested by more clep,
ones.

\[v associates and [ have _
= ested in visual search as 3 to
which to investigate this hiera
information-processing  ape
have studied processes at the
ephone-directory search: at the~
ary between perception and #
(Our experiments have been ¢
at the Lincoln Laboratory
chusetts Institute of T
Brandeis University and at Harva
versity’s Center for Cognitive-
with support from the Nationg
Foundation.) By timing peopl
scan lists of letters or words
specified targets, we hope to:
thing about the various visual
nitive processes involved and
they are organized and intes
the extent that these proc
form of thinking, what
perhaps an approximal o
of thought.”
We ask a person to scana
consisting of 50 items, to
“critical item,” or target. The
generated by a computer; each
a group of letters, 2
and digits or a word, all d
dom from a pool of items
sired characteristics. In
condition the critical itens.
for example K in the Hst #%
in the illustration on page *
subject peers through a. window
box within which the experimest
tions a list. When the ’r»'ubiﬁ'[iﬁ
to begin scanning, he tums #¥8
illuminate the list and
tric timer. He scans the It




FAMOUS SPECTATOR at the Orange Bowl foothall game on thould have little trouble finding him but will be hard put 1o
cary 2. 1961, was President-elect John F. Kennedy. The reader explain how that one face ¢an be identified AMONE =0 many,

tﬁ PARACHUTIST van be discovered very quickly against a mechanisms are all that are required in searching for any targel,

bt featnreless <ky in this photograph. Elementary viswal aven a2 amall one, that i: in strong contras=t e its backzround.
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THE LETTER K is the target in the list at lefe, wnd the “ceitical item™ is the one that
includes it. A move difficalt sk is a search for an item thut does awmt include a specified

letter. T the list at rizht, for example, there is only ane

item that does not inclode o (1
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finds the turget. then turns the
again to stop the clock, and th
menter records the total tima 4o
for the search.

Not all this time, to be sure, s Deede
[or perceptul analysis of the
through which person is
He may need some time 2ot s o
and he certainly needs time t, E'-JH’:I:_‘-I
the response that stops the clock )
complication is dealt with DTG ol
hirm scan o number of lists, in each |
which the K iz in HTY ”"[”-Ediﬂ'tdhhr
ferent place. The adeditional Hme e
o fined o & that is in the 3].: line raid
than in the 21st can be s soribadi
tirely to the wvisual ﬂ.uu'hfsal'fs‘ of |
tervening 10 Hnes.

MNow, if some fixed amount of time 1
- P
needed for the analvsis of ‘eacly 15|
the overall duration of the search
vary as a linear function of the Firyrr
of lines involved, that is, of 1, Rl
position of the turget in the i And b
fuct, when position is plotted goa
time, the points are almost imvariaba,
= 2 X !
fitted well by a straight line, The arapl
:_:.jt: tIIE top u!] the upﬁsite PAZE IS typica
of thousands we have obbiined. 5%

most important information to he
from such a line is its slope, “‘hlﬂ-‘hhs
cates the increase in search time mluim_
for each additional line scanmed, ]
time per item, then, measires

il scems to represent o re]-.at:ivdr T iipe
measure of the time used in peresstes
:.1r‘m1:.*:;i.-;. T

The speed with which a person st
tends to decrense dramatically. dusks

the course of a long mrpmiun&_“!lh
the first day his graph may indicse
that he is using more than a second §=
provess each line, but after two wevks
of practice his time per item e
he only a tenth as long. M
stabilize at about 10 lnes | y
with targets such as K and & Kb
as the one illustrated, This -
plausibly enough, that most pe :
not enter the experiment with s
made perceptual !1i::mrn;:h.|'_g_-:s f::t .
K's efficiently. They acquire—or petiess
one should say that they “constraetes
recognition system  in the m‘

[rructice, o

With repeated scans they
the pEI'{‘el]th[ wperitions thﬂt'ﬂﬂ??
L |||E||irn;1i'|}-' sufficient for the Pm—tm}.'.ﬁ
For example, some may find 'M
that enable them to examine wsessws
lnes at once, whereas at frst they M
fixated each ftem \'-t*Emrul::!j- sl -
vessively, For some perhaps o eSS
ing procedure, invalving f'l'-r'd:

e




exslons  to preceding  lines, seems
lispensable at Hest and is dispensed
ith later. Certainly the operations on
ich a subject eventually settles, and
» manner in which he comes to adept
m, depend on many variables.

ithongh this kind of perceptual leam-
Ying is of great theoretical interest,
course seems to be somewhat differ-
t in each subject and we have so far
med no sutiﬂf:u:!ury way o sLmI}.' it.
r chief interest, therefore, has heen
the kind of pattern analysis estab-
ed  after ':ung practice. The  first
sstion to be asked about the modes
analysis used by experienced sub-
5 concerns their timr:]11:__);]';|r:1_!;5,~;, Dies
- subject “identify” each letter to de-
mine if it is 3 K? The answer is al-
st certainly that he does not. Qur
wiction on this peint arises partly
moour volunteers” rveports that the
wers arg “not seen” or are “only a
r,” but even more from theoretical
widerations and a Further experiment.
The fact is that letter identification
ot necessary for ﬁnding 1 K. The
lysis of each line need go only fur
meh to detect some of the distine-
= features that, in various overlap-
T and pmhabiijstie oo binations,
termaine particular letters. These fea-
o3 must be charmcteristics of the
en visual confBiguration: things like
ticular angles, open spaces, paral-
lines, locations of the geometric cen-
of gravity and so on, Rudimentary
al processes that precede the iden-
ation of letters suffice to detect such
ures. {The relation of the targets
hruration to that of the context
V5 an important role [see ilinstrotion
ight]. Operations that suffice to dis-
mish a Z from a set of n:mltlt:.d ]f:.l'-
cexnnot be relied on in a context of
ular letters. The more extensive op-
dons needed in the latter case take
e time,}
wime eombination of feature-detec-
i5 |7|!"::1'1Ln}-.1h'|_].-' sufficient to penetrate
nervous system far enough to stimu-
:lﬂl!"-"il‘_‘r' in some Sulxi:.'sl:'.m Sensi-
* to the letter that is sought. Other
ibinations can activate other letters,
in a one-letter search only one svs-
need be allowed to proceed; activity
be suppressed for all other charac-
<50 that throughout the scan nodhing
= place at the level of letter identi-
ot until the target letter appears.
wh an interpretation of the scan-
 [rocess suggested that o search
actually required the subject to
bty letters in each line would he

i
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DUERATION OF SEARCH varies directly with the position of the critieal item in the
fist, sz shown by this groph in which position is plotted again:t time. The data weed
here were for a search by an inexperienced suliject whose time per itemn was 62 second,
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CONTEXT affeets the speed of a search. The letter Z i seen more eatsily against a hack.
ground of generally round letters (fofr) than in a context of argight lines {righi},

Subjects found the £ twice ax quickly in the “round” contexts as in the “angular” ones,
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TEN-TARGET SEARCH involved lists such as the ane at lefi, in which the suhject must
find A, F B U0 H M, P, Z or 4 The tarzet happens to be P The eritical item in the
list at rizht i defined in terms of itz mesning: the sk i to Gnd the name of an animal.
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wiuch slower than the search For a g
letter. Such 2 task is exemplified 5
‘.'I'ghl' i the illustration on page
where the problem is to Bnd 4
that does nof contain u Q. Indesd, 4
with extensive practice our voluni
never attain speeds greater than
to fve lines per second i such
verted scarches,” This .1m']u'|tr confl
the view that there are dnhm{u 131
Ievels of pattern ang alvsis, and that o
thorough analvses re quire more 1

One of the questions we have §
most ansions fo investizate is the g
ner in which the several operations)
must go on at a single level off
hierarchy are conducted—lor avyy
detection of the varions distivictive
tures contributing to letter idengy
Lion. Are these J'll{lerIn’:‘ﬂtﬂJ'}-' !qu:mi-
cirried oot simuoltaneom |.'il_1,' Or one
fime? The -lu(':‘tiﬁll can he it to
test by requiving the subject to logk
severnl] tiroets af once.

For instance, Be can be prese
with o Tist and asked o Gnd .nlgf!-w!-
ar o K without being told whick of o
the list actually contains, ‘lr‘l.f'h,atm-_ |
tern analysis the subject v
diring such sean, it must wllre'[y
rnre ._-'}mp!?t than the minimal sy
necded for K alone. A simple assp
tion would be that the search for
the search for Q proceed indepen 1’ '
in which case hunting for both O as
would involve all the features nesd
for finding Q) n addition to alf
for K. Probably this is too simple.
one should think of the joint task @y
qtlum:r_{ n:mlv a few more O
than either pmhlwn alone,

In any case, the question is whel
or not *-s,xlrf,th for two targets ta
more Hme than searching for mly
An increase in time would be consis
with a hvpothems that the : x .. i
LdeIL[]. ot ”! Sﬁrtllﬂnm' ﬁ it
the outcome of earlier ones. On '&
hand, if more OPEI’LUB‘HS can ‘hes
Formed without an inerease in Hme.
system is at least partiaily bt
some level a number of di:tm
be made at once,

Wee L'lqgm our L'.IM?J.!I'I'IEHB s !
point rather timidly, with only ten
termative targets. We were s
find that from the werv bﬂﬂm
practice our subjects seu irehied 21 rah
for cither of two targets as 1"_"
ilone. Thus encinrag ged, we e WA
try four targets: H, M, Qand Z €
hllhjl: cts were frst frained Lo seanch
ane or another of these letless sk
J,||_v. Then tEu*}. wens introduced s
erul problems involving two letlees =




5

4
& oand M. For o day or two the sub-
A5 scanmed more slowly in the don-
= searches than in the well-practiced
i wle ones, but soon the difference dis-
penred. At that puint we ntrodneed
&;ﬁ that might contain any one of the
“oyr target letters, To onr surprise the
“efold search was soon going about
;;;l.\l'-:f]}-' as the others!
; The Information processes that detect
e four letters cannot be entirely
ntical. so the multiple search must
olve at least some additional nperi-
“" s that are not necessary in looking
. sy, the single letter Z. Our results
E{-rraﬁd to show that these extra proc-
¢ tuke no extra time and so must be
wltaneous with some of the Z opera-
as. It is true that the muitiple scan is
- sically different from the single one
ot simply an addition to it. Even
¢ this point of view, however, the
Tl LT i one of Cl'.l]'n[}iexityx and one
ol expect the more complex maulti-
¢ wealvsis to take more time, TF it does
¢ tuke more time, the extra informa-
cim It must be Hr,n;-'l'rug in 1‘:-.11".;:]1_-1
her than in increased depth.

Mhere was still 2 possibility, of course,
s that the fourfold scan is indead slow-
cthan the single ones, but only by an

ount tao small for detection by our

thods. One way to investigate this

-u:'[::'i]'t'_‘_i-' was to add more targets to

- wearch, We therefore decided to find

i our subjects could Inok for 10

s as quickly as for one. We had

additional  theoretical  reason  for

“lving such a broad search. It is well
“oan that most pﬂop]e cannot  hold

& than about seven items in their
mediate memory, and also that they
v Fail at certain tasks nvolving
emment if there are more than about

S categories [see “Information and

;_ wry,” by Ceorge A, Miller; Screx-

S AmERIcaN, August, 1956]. These
caeame all rather complex, however,
“we wanted to see whether or not

wiilar lmitabion  would apply to

'\-:""dllFI!!f__E,

' the 10-target experiment we did
“ Celav the introduction of the com-

N

= conditions until the subjects had
_rred the simple ones, From the out-
“hey worked on four kinds of search.
migrh only one kind of search was
: “i‘“'”’-‘rﬂi on a given list, all four kinds
] be done dm'iltg every experi-
7l session. The four tasks were to
< ifor g K; to search for one of the
e hiricters A F, K, Uor9; to zsearch
SPILM, P, Z or 4; to search for any
W ot the 10 letters and numbers de-

fined in the other conditions. To find
ont what unpracticed subjects are up
against in the lE]-t.'lrgut cundition. the
reader can scan the list at the left in the
illustration an the apposite page.
Understandably the subjects began
by scanning mnch maore quickly in the
single-target condition than in the oth-
ers. Practice, however, brought particn-
Lirly rapid improvement in the ability
to search for multiple targets. After
about two weeks our volunteers were
scanning with equal speed under all
conditions, and thev continued to do so
untii the end of the experiment. The
convergence of their performance rec-
ords is shown in the illustrution helow.
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EXPERIMEMTAL LAY

At the end of the experiment everyone
was scanning lists at the rate of ahout
10 lines o second.

On the last bwo davs the set of irrele-
vant letters from which the lists were
generated  was  changed  somewhat:
three new letters sometimes appeared
in the context. The change was not
even noticed by the subjects and it
made no difference in their scanning
efficiency. This provides additional evi-
dence that a searcher does not idi;ut:'l:'_',f'
the irrelevant letters as he scans a list.

These data leave little doubt that vi-
sual search can involve a multiplicity of
processes carried out together, At first
thought such a finding seems surris-
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MULTIPLE TARGETS could, with practive, be found jost as quickly as n single target,
The experiment charted here had four rondi!ium._ rr.-r‘lllirirl.g searches for one, five aor 10
tirgele at onee. Each point plotted here is the mean time per item for =ix volunteers.
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ing, Evervone is Baniline with the con.
fusion that results from trying to think
about two things at the same time or
from following bwo conversations, In-
deed, 3 well-established i}n::l_v of re-
EE;LI'L‘II l:'l_?r'IHI'IITIH t!'l{: E"n"[:'r}"[].l'l.:‘r' expcn'-
cnee that several tusks cannot be carried
out at the same tme without loss of
efficiency, The apparent contradiction
bBetween these resolts and our own can
be resolved by considering the rela-
!':"e'r-|_~,' fow fevel of the L*::g‘rtiffw-_- rl_.-|a|}f'-

sis involved i !il'.‘.'l]'l]l:i'[lg; restrictions

that apply to comples decision proc.
esses may not be effective for elemen-
tary visunl sperations.

From ancther point of view the si-
]r!l!llll]l(“!‘t‘\r' I:PE :i[']nph,*. "-"I‘-'I!dl |}|_I'_'II,_E'SﬁfS
iz not at all surpri.'iing. Work with elec-
Lromuic iul'un:mtinu-]mnlH[:|g svslems hies
already sugpested that parallel svstems
are preferable to serial ones for o wide
class of problems. [nvestigabon of me-
chanical pattem recognition. and espe-
cially the programing of computers
by !dn’_nhh E)I!'I[it-&.‘{l or handwritten let-

SUBJECT | foreground) sits at a viewing box in which the experimenter inserts lists. The
subject turns a switch to illuminate a list and at the same time start o timer. On finding
the target the subject stops the clock and the experimenter records the duration of search.

ters, has shown that paralle]
tion is particularly efectivaim
which the Ll&f]nTIE" criteria are §, it

vague and must be “leampd” [2ee -
ternt Recognition by Muchine ™ T
ver (. .":l_-‘.]fru].g_t and Ulric 2

ENTIFI AMERIC AN, 'J"-”glu,-t_ lq“imt ;

ur experiments have not hees
(-) fined to searches for isalated. b

A much more interesting task n‘.'l:';r-‘ 5
a subject who must seoqrch o

of words, As ]:mg as b oy
gle word, however, he can 'r"-1' T
.letht like a letter search, H :
only look at the mitial lettqmﬁ'
other clearly distinguishing feur
each word to see if they mas b e .
the target; only when H:mymm
processing necessary, Tndesd Kby
is extremely rpid M such s .
Even when the tarzet i

some familiar set of i :
ple all the states in the 175 4,
six or fewer letters), subjects cm
"r!""l'\l i']l.LI.L"'L.]"-' (= 1 '!l'l'_]' "'j"
be lettar-seare |-|1|'|IT fee

Wilkad  apee,

were dEdt[ mth as Wﬂrds, wi [t e
we had to define the target in ferey of §
meumng For instance, we wewdd s
a subject to search through lists uh -l
the one at the ug,h: in the il
page 58 to find “an a o
or woman's first name.™ Suek s
has many targets indeed. Thers s
hundreds of animal nomes el e
names, even if word length is resbrichad
toe six letters or fewer. In. the. e
word-hunting we still do not
stand  the processes inwolved =8
enough to charm_c&nzu them sy “seo
taneous” or “successive”: owr Tl
was directed toward anm'u'hg Hﬂr
preliminary  empirical q 4
wondered how fast such ;*
carried out, whether or o
depends on the number of
targets and to what extent the 4
must  “read”  the  irrelevist
through which they search zal
The irrelevant words in Mh.ﬂ:‘.:".,;:e:[;
mandomly generated from-a- el # o
about 5,000 English wonls theee & & © .1y
letters long, checked to climioate s
mal names, proper  fames P Tl
words. In these lists we embdind 3 7

ther animal target names woloared L
a pool of about 113 anmnal sas=s
Proper names rhosen ‘-’-‘ﬂ-!""-. #"""'H

Fairly commaon first nume |\-'-4_ i s
'#I.tb]ﬂl‘.,tb, of course, would be S %

“know” prec u-e:!:r these =
sible targets, hut ﬂ'u'ﬂ-’ 'll'l'll
the '-"-E'”-L':.Ll.biuluﬂi

i ==
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word lists and their numbers refloct the
complexity of the mental operations re-
quired for either of these searches,)

An inexperienced person can scan
through o word list containing animal
niames more rapidly than he can sean a
letter list in search of K, but the name.
directed search does ot benefit as
much from sustained praciice az the
letter zearch does, By about the 15th
session most people are able to scan
for Rrst names or animal names af a
rate of five or six words per second;
thereafter they seem to improve very
little. They search as rapidly for first
names as for animal names even though
there are many more of the former, We
also studied a condition in which the
target might be, unpredietably, either
a first name or an animal name: a few
people are as fuick at looking far either
a first name or an animal name as Four
one of these alone; the others perform

FIRST NAME OR ANIMAL i the target
in thiz list, “Jud™ is found in the fith line.

somewhat more slowly in the combined
sizarch.

I__Iow shall we conceptualize an infor-
mation-processing system that de-
cides in a fifth of a second whether or
not a given string of letters stands for
an animal? Does the subject make deci.
siong about the meanings of the irrele-
vant words he scans? Can we assume
that he “reaxds” each word? Wote that
the scanning task is hoth more and less
demanding than ordinary reading: more
because the scanner must examine every
individual word, less hecanse he newed
not establish connections hetween wards,
The SCININE rate of fve words per sec-
oncd, ar 300 words per minute, is not
particulardy vapid compared with the
reading speed of many college students.
The words are certainly not being
Feiel su].;u'.'-';r.';l!]_v; the same
Zo only hall as Fast when thev are
asked to vead the Hets alond s quickly
as possible. Most of them maintain that
they do not “read” the melivichial wirds
at all, even to themselves, as thev soan,
And the words are not examined olose.
ly encugh to be remembered. When
tested immediately after a scan, suh-
jects usually cannot distingnish words
that appeared on the list from wirds
that did nnt.

It seems, then, that the word “read”
is as ambiguous as “see” is: reading
bie may occour in varving degrees of
depth. This conclusion is not a nowvel
one, since evervone ig familine with the
dilferences  among skimming, rapid
reading, intensive study and so on. Our
results suggest, however, (hat varying
degrees of comprehension are possilile
even for individual words. The subjects
do not “skim” the lists by reading anly
some of the words, Rather, they process
each word—but oniy lightly. Just as one
can decide that there is no K in a given
line without actually identifving the let-
ters, so loo one can determine that g
given word is not an animal name with-
out finnly deciding what it does mean,
Whatever may be the processes by
which this is done, our data indicate
that they do not involve seriatim com-
parison of the word with all prossible
animals; if they did, Grst-nune searches
would be much slower than animal-
name searches. On the other hand, the
processes are shnwver, and presumably
more complex, than those needed for
finding individual letters.

By laboratory standards onr subjects
are well trained and have ncquired an
unusoal shill, It g5 quite certain, how-
ever, that we have not approached the

sulsjects

Aations involved add up = st

limits of human capacity for rupig
plex, mnTﬁph‘.' l?enrel'rl'ng. The i
ments of our subjects ure modese
compared with the daily worl .
ple who are acenstomed o log
several thousand tarwets at
readers in any newspaper-clipping g
ev. Such a firm mav have hup
clients. each of whom wants g
of at least ANY NEWSPApPer storg
he ov his firm 15 mentioned. bevs
many clients will be interes
appreciable number of differss
names and Htles and others
their u[ipping needs in ogop
eral way. For example, g Peace &
may ask for every reference 1, .[_
mend, arms control and the |jke wf
as a manufacturer of byrgl
may want o have the n;ze of ==
lncal vietim of theft or robber: . |
over, the agencv's client lisp o e i
1 ar 20 pew clients May enmgys

services every week and g fR—
number may discontinue, 1t gt et

or more o train g L-!i[lpfn: _”
Sean newspaper bype at well g
words @ minute, E:er:p:'ng
the agency’s targets. Erfag 3
saitl to be in the neighborhoad

per cent for the hest rende
ther the error rate nor the
to change as an agency g
fuires more clients, ki
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"The achievements of clipping
= suggest that our own hasic
is no artifact: the speed of &
independent of the number & 5
targets that can terminate f S ;
fully. This conclusion applies o 8
te the simple search for pa i .
ters and the more difficult, slower 4
for particular kinds of ik
likelihood it applies to ot
also. The rate at whi
erowd for a familiar Face g
not depend on the number
with whom one is familiar.
In a simple task such us the st
any one of 10 letters, these FEseEy we -
fully compatible with the &% R :
multilevel perceptual svstem. Thes st EO’
gest, moreover, that a number & 2 '
tions at a given level are g
simultaneonsly, We do not wel wsier
stand the search for spevific chusms £ "I!"';Tﬁ?h
words well enough to ke s 2 »l £
the processes involved. Tt fs sl S
vlear, however, that the wusgee-
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maore than simply g search ;"' Z = oz e
nent letters and sometinmg s
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Full appreciation of the me
word encountered. g




