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Prior studies have shown  hat between-category vivuill search (e.g.. looking for a "ti" rrn!olig letters) 
is easier that within-category search (e.g.. looking for u "6" nrnong other digits). Four experiments 
were performed to determine what particular benefits are conferred in between-category search. 
The first experiment demonstrates that this categoryeffect occurs even when the subject has to 
identify the target: this suggests that the between-category search can "tag" the categorially diffcr- 
en1 item for further processing. Three further experiments provide ev~clerirc that this tag is based 
on the item's spatial location within the array. 

By now, there have been many demonstrations 
of a category effect in visual search when alpha- 
numeric characters are used as target and fieitl 
items. Target items are detected faster and more 
azurate ly  in a between-category condition in which 
the field items are draivn from a different concrptual 
category (e.g., a "4" among letters) than they arc in 
a within-category condition in which all array ; 'I em: 
belong to  the same category (e.g., a "B" among 
other letters). Thus, Brand (1971) and [rigling (!972) 
found that between-category scarch res:~lts in It:.s 
time per item to  detect the target in : I  varia:;! r:ai' 
Neisser's (1963) scanning parnr!igr:r :i\_;;.. - ! i ! r b <  s.vi:',;r. 

category search. 
Egeth, Jonides, and Wall (1972), Gleitrnan and 

Jonides (1976) and Jonides and Gleitrnan (1972), 
have demonstrated the same phenomenon by means 
of a somewhat different visual search tech~zique. 
which permits a more precise evaluation of the pro- 
cessing time per item. Their subjects were required to  
detect a target within an  array of items prese~jred 
too briefly t o  permit a functional eye movemen!. 
The number of array items was varied systematically, 
and the processing time per item was indexed by the 
slope of the function relating reaction time (RT) to 
n, the number of items in the array. The results 
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. , .  .. i.i J !:: !ae iiid;:jit!ndent of n 
i : , ,  , ,  : . rd 4 .-.v -.., bcci~:!ed alllong several 
g r t : ~ : ,  it'tt.l::'$. .I,t;k!dir.i :ii-.:i :jie.ltanari 4 1972) have 
s;~u.~,vII, i i : ~ ~ s . ~ ~ ~ : ~ r ,  ina. : ,u~rk  ; I  ::ivial:zing inrerpreta- 
tion cannot account for the category effect obtained 
with alphanumeric items. When the target "0" was 
ernbedded among letters, thc i<T function was flat 
i f  ihc S L ; ~ ; ~ C C I S  se~c:ch:;J for the digit "zero," but i t  
hx! ii s.,.,..ble aiopc l i '  :i:.:.y \/ere told to scarch for 
the i e r w r  "'3" (pronounced 'bob"). This dernon- 
strates !hai ;A c n i ~ g o r y  effect ran occiir even when 
ahc: physical differe:ncc tctwecn target and i'teld items 
is no gi-r.i,te;. r.,k bet~:<:i-cattgory than in within- 
category search. - - 
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during between-category search are either fewer in 
number or are somehow "easier" to extract than are 
those required for within-category search. This 
account is in principle not incompatible with the 
oh-zero effect. To explain this phenomenon one must 
assume that the item "0" is ambiguous in the sense 
of containing some features of both the letter and 
digit categories. One must further assume that some 
facets of the subject's feature extraction mechanism 
can be guided by instruction and are thus flexible. 
Thus, in searching for a zero among letters, one 
extracts digit-defining features; in searching for an 
"oh" among letters, one examines items for features 
that define the letter "oh." 

How can this mechanism be investigated? One 
way might be to search for the actual physical fea- 
tures that distinguish among alphanumeric characters. 
An alternative approach is to test some implications 
of the partial processing hypothesis without making 
any' specific commitments on the, actual features 
involved. One such implication is that categoriza- 
tion has a cost: between-category-search should 
result in comparatively impaired item identification. 
Gleitman and Jonides (1976) confirmed this predic- 
tion for both field .and target items. When tested 
subsequent to a series of visual search trials, within- 
category searchers showed some incidental learning 
of the field items to which they had just been 
exposed. In contrast, between-catcgory searchers 
showed no evidence of such incidental learning at 311. 
Using a different experimental techraique, an analo- 
gous cost of categorization wa5 demonstrated for 
target items as well. Between-category searchers who 
were looking for, say, a "4" or a "7" among letters 
were given a catch trial on which the stimul~is card 
contained a "3"; virtually all of them responded th2t 
the specified target was present. This result is in 
clear accord with the partial processing hypothesis. 
The subjects noted that there was a digit present 
without noting what particular digit i t  was. 

Such evidence demonstrates that partial process- 
ing has a cost. But how does it confer its benefit, 
the faster discovery of a target in between- than in 
within-category search? The hypothesis, again, is 
that less information (i.e., fewer or more readily 
processed features) must be extracted to determine, 
say, that a digit is present. But if partial processing 
is this and nothing more, then between-category 
search would yield only the discovery that there is 
a digit present somewhere in the array of letters. 
The between-category searcher would not know 
where, and hence would have no further advantage 
over the within-category searcher should he be asked 
to process the target further. This is rather im- 
plausible, for everyday experience suggests that, on 
the contrary, between-category search is a distinct 
aid in item identification. To identify a cowboy as 
John Wayne might take a bit of time if there were 

a dozen other cowboys in the sccnc; to identify him 
arnong a herd of cows would surely bc easier. Ttlar is, 
i t  is more plausible that partial proccssirlg (10 discover 
categorial difference) should be prclin~inary to [he 
more detailed processing required for item idcntifica- 
tion. I f  so, it would not only enable the searcher to . 
discover that one of the items is diffcrcnt fro111 the 
others, but would also allow hi111 to determine which 
of the items is different. As a result, the different 
item could be singled out and be subjected to further 
analysis (i.e., identified). 

The present paper describes iour experiments that 
demonstrate that categorial processing can be the 
first step in a multistage processing sequence. The 
first experiment shows that between-category 
searchers take less time than their within-category 
counterparts even when their task is to identify the 
target. This demonstrates that the partially processed 
item is "tagged" for further analysis. Three other 
experiments suggest that this tagging is based upon 
spatial location information provided by partial 
processing: the system first discovers the location 
of the array item that is categorially different, and it 
then proceeds to process this Item until it has been 
identified. 

EXPERIMENT 1 

i n  the studies of the category effect described thus 
far, the between-category searcher is only required to 
report whether a categorially different item is present 
or absent in the array. Its specific identity need not 
concern him, for it does not affect his task. I f  he is 
asked to look for the targets "4" and "6" among 
letters, for instance, he has to search only for a digit, 
regardless of which. This, in fact, is just what he 
does, as shown by the catch-trial study described 
previously (Gleitman & Jonides, 1976). 

The present experiment asks what happens when a 
between-category searcher is forced to identify the 
categorially different item. To answer this question, 
a modified between-category condition (MB) was 
employed. The subjects looked for digit targets (c.g., 
2 and 4) among le~ter field itcms. The subjec~s were 
forced to identify the targets before respondilig be- 
cause 25% of all the trials were catch trials on which 
a wrong digit (e.g., a "3") was present in the array. 
The RT functions obtained with this procedure were 
compared with those found under standard within- 
category (W) and between-category (B)  conditions. 

Given the hypothesis that partial processing singles 
out the categorially different iten1 which is then 
further processed, two predictions follow. To begin 
with, the slopes of the RT functions of conditions B 
and MB should be identical and should both be 
substantially smaller than the comparable slope ob- 
tained in condition W. Further, conditions B and 
MB should differ in the intercept of their RT func- 



lions. This Collows from the assumption that both 
B and MB subjccts first single out the categorially 
different target. Once this is accomplished, the B 
subject's task is finished, but the MB subject must 
continue processing; he has to  identify the digit and 
he must then compare it to  the two digits in his 
memory which were specified as the targets. 

Method 
Subjects. Eleven male and I3 female undergraduates served 

as subjects. Each was paid for participation in a 30-min 
experimental session. 

General design. Eight subjects each were assigned to three 
groups. W. B, and MB. Each group had to perforrn a visual 
search task. For Group W,  the search was within-category. On 
50% of the trials (randomly ordered) there was a letter target 
among one or  more letter field items; on the other 50% of the 
trials, there were only letter ficld items. Groups B and MB were 
both required to perform a between-category search task, but 
with a crucial difference. For subjects in Group MB, mere 
categorization of the target was not enough; they also had to 
identify i t .  On  50% of the trials, both groups received the 
identical stimulus items: a digit target embedded among one or  
more letter field items. The procedural difference between 
Groups B and MB pertained to the trials on wliicl~ the specified 
target was not present. For Group B on these trials (50% of thc 
total), there were only letter field items. For Group MB, tlic 
nontarget trials were further subdivided. On half of them (that 
is, 25% o f  all trials), there were only letter field items, pre- 
cisely as for Group B. On the other half of {lie nontarget trials 
(again, 25% of all trials), there WAS one digit among one or more 
letter field items, but this digit was no! one of the targets specified 
far this tiial. Thus, for example, an M E  sub~ect  might be asked 
to look for a "2" or a "4" oti h given triai arid would Itren be 
presented with a '7" (to whici; he ihculd not respuncl). 

Stlmulus materials. On each ?rirri, two targets were specified 
(e.g.. "press the button if you see cithcr a 3 o r  e 6"). They were 
drawn from a iotal pawlat ion of eight possible targets. For 
Groups B and MR, the iarget 1;opulation consisted o i  the digit, 
2 through 9; for Group W, it consisted of the eight letters A. B, G. 
L, P, R. S, and Z. Each of these target items was specified equally 
often, and was equally likely to be specified as the first target or as 
the second. The field items for all groups werc chosen from the 
set of letters: C ,  D, E. F. H,  I. K. M, N. 0. IJ. V ,  and Y. Three 
display sizes (2, 4, and 6) were used equally often over thc 
192 test trials. 

The stimr~li were prescated in an lconix mirror tachistoscope, 
Modcl 6137-4. Prior to each trial, the subject was asked to look at 
a fixation dot on a blank screen (15.5 mL); he iniriated the trial 
himself by depressing a foot pedal. Half a scco:~d later, the 
stimulus card appeared for 200 msec, followed by a masking 
ficld made up of pieces of letters and digits. The masking field 
stayed on for I sec, after which the fixa~ion dot reappeared and 
remained for an  intertrial interval of about 5 sec. 

The stimulus items were black Letrasct numerals and upper- 
case letters (Folio Medium. 24-point. .34' in height). Both target 
and field-items were located around the circumferencc of an  
imaginary circle whose diameter was 3.4" and whose center 
coincided with the position of the fixation dot. The item Iocati 5ns 
were chosen from among the 12 clock positions of this circle. 
This procedure is an adaptation of a lechnique introduced by 
Eriksen and hiscolleagues (e.8.- Eriksen Rr Rohrbaugll, 1970). 

There were % target cards in all. Each of the eight targets was 
used I2 times, 4 times for each display size. Each target appeared 
once in each of the 12 possible Ifxations. The placement of r l~e  
field items (each o f  which was usud equally d t c n )  was goverr~ed 
by one major constraint: one field item had to bc placed diamet- 
rically opposite to the target. By this arrangcrncnt, the maximum 
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Procedure. The subjects were first lamiliariled with ail of the 
field items and with the pop~~la t ion  of tarjjelc appropriate ro thelr 
group. They were informed about [he randornly v.ir)!ng rfrsplay 
sizes a r~d  about the fact that one oT the t w i ~  spccil'led largcrs 
would be present on 50% of the trial$. Croup MB.  I C  addrtiori, 
was informed illat on 25% of the trials a "wrong" digit wi)uld 
appear. All subjects were told to deprc.is, a :rlegrdph Ley when 
a target wax p~ese:ll and no: to rc$por.ci o t h e ~ . . ~ : . . ~  ' -Stley were 
instructed ro re,pond as cjurckly pi!Ji:b!e while rnairirainrng a 
high !eve1 c:f , ~ c c . ~ ~ . ~ \ i . : ~  *,.I ihc :!art c:' tlir sei>,!c:rl, ~:ac-h subjecr 
received 3:' p-,?, t i < <  !:mi> simi!a; to !\I.: ;(. ! :.-::'< I,; :;I, a>s~gi.ed 
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rcspeclively, yielding rr.  i v ~ ! u c  id!' =- I -1 )  GI '  6.0,  
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categ~>ry condi!ion. Th< mean slope of the KT func-  
tic:; geirsi.aie:i by G:o.:p MI3 was 9.2 nlsic/i[em 
(SL) :- 4.;; rnsecj. '1 his slope was signif ic ,~~i i iy  ~nla l ler  
than tha t  found in G r o u p  V v  ( t  ;- 6.2, !If =- 14, 
p < .MI), and was ~ i se r , t ( a i :~ ,  icic,:~icai 11) rhar ob- 
lained in Group B (t - 0.3, df - i i ,  g 1:. , 3 0 1 .  These 
results arc in i i r w  wiril our  p~'eili~tii)ii: br:iwee~l- 
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0 Between- coteqory 

(74) 

" O 0 -  2 4 6 

DISPLAY SIZE (n) 

Figure 1. Mean re.ciioo time (f estimates of o) g s  s, func- 
Uoo of dbplay size for within-. and ktween-, r t ~ d  modified 
betweenategoy condiaiona of Experiment I. 

cepts. These intercepts are 367 msec (SD = 49 msec) 
and 429 msec (SD = 47 msec) for Groups B and MB, 
respectively; t(14) = 2.6, p < .02. This again is as 
predicted. The modified between-categcry condition 
calls for further processing after tlac categorially 
different item has been singled out. This item must 
then be identified and comparecl with the targets 
in memory. Similar reasoning leads to the prediction 
of a corresponding difference between the intercepts 
of Groups W and B. The results were in the right 
direction, but fell short of significance. The 
intercepts were 407 msec (SD = 98 msec) and 
367 msec for Groups W and B. respectively. but the 
tvalue(df = 14)wasonly l.1.p > .lo. 

Since as many as 13 subjects originally assigned 
to Group W failed to meet the error criterion. we 
checked to see how their RT functions compared to 
those of Group W. The mean slope for the KT func- 
tions of these discarded subjects was 37.1 msec/item 
(SD = 13.4 msec); the mean intercept was 380 msec 
(SD = 65.6 msec). If these subjects were trading 
accuracy for speed, this tradeoff evidently did not 
diminish the slope-effect characteristic of within- 
category search (t = 1.47, df = 19, p > .lo. com- 
paring the discarded and the included within-category 
subjects). 

Error rates. The preceding discussion implies that 
Group W had the most difficult task, Group B had 
the easiest, and Group MB had a task of inter- 

mediate difficulty. Group W had to identify all of 
the items (or at least half of them. assuming a sclf- 
terminating search through the array). Group MI.3 
could use a partial processir~g shortcut to singlc out 
the target itcm which it  then had to idcntify. Group B. 
finally, had the least dcmarldir~g job; i t  o r ~ l y  had lo 
find thc catcgoriatly distinct i~crn, but was not 
required to idcntify i t .  This ordcring of Iahk diff'i- 
culty is supported by the group error rates which 
were 4.6%. 3.0%, and 2.0% for Groups W, 
MB, and B, respectively. The difference between 
the two extreme groups, W and B was highly 
significant: t(14) = 3.5, p < .005. The intermediate 
comparisons failed of significance, with t values 
(df = 14) of 1.5 for the difference betweerr 
Groups W and MB, and of 1.2 for the difference : 
between MB and B. 

A metbodological issue. One potential problem 
with the present experiment is a confounding of 
categorial membership with category condition, since 
both the B and MI3 conditions had only digits as 
targets. One might claim that the reduccd slopes in 
these conditions are caused by greater ease in identi- 
fying digits. This interpretation is unlikely since 
several prior studies have shown a category effect 
when either letters or digits were used as targets 
(Gleitman & Jonides, 1976; Jonides & Gleitman. 
1972). In addition, Experiment 111 of the present 
paper clearly demonstrates a category effect with 
letter targets. 

EXPERIMENT 11 

The preceding experiment has shown that the 
partial processing which underlies the category-effect 
not only determines the existence of a categorially 
different item, but also tags that item so that it  can 
be processed further should the task require this. 
What is this tag which allows the between-category 
searcher to single out the distinct item? Perhaps the 
simplest hypothesis is that it  is the item's spatial 
location in the array. This view is in accord with the 
reports of many subjects in the between-category 
condition. They said that the target secmed to 
"jump out a t  them," a perceptual isolation effect 
reminiscent of that described by Neisser's subjects 
in a search task that required rather simple discrimin- 
ations (Neisser. 1964). Perhaps the phenomcnal 
experience of "jumping out" is the subjective 
equivalent of a focusing of attention upon a particular 
location of the array, caused by the partial proccssir~g 
of a categorial difference. The prcscnt experiment 
is an attempt to provide an objective test of this 
location hypothesis. 

The location hypothesis makes certain prcdictions. 
Consider a subject who is presented with one of 
several targets that may be at one of several loca- 
tions. Suppose he is sometimes asked what the target 
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is and sometimes where the target is. If he is a between- 
category searcher, he should locate the target before 
he identifies i t .  'This follows from the hypothesis 
tliat partial processing first singles out an item in a 
pi~rticular location, and this item is then further pro- 
cessed i f  necd be. We would therefore predict that 
Lu < lo, where LD and In are means RTs for locating 
and identifying a target, respectively, in a between- 
category condition. Conversely, for a within-category 
searcher, locating an item cannot possibly be 
the first step in the search process. His sole way 
of knowing that a given item is a target is to identify 
it; he therefore has to know what the target is before 
he can tell where it is. Under the circumstances, we 
predict that Lw > Iw,  where Lw and Iw are mean 
RTs for locating and identifying a target, respectively, 
in a within-category condition. 

The situation is somewhat more complicated. 
however. The predictions, LB < I B  and Lw > Iw, 
only follow from the location notion i f  this is coupled 
with a further assumption. Specifically, the actual 
response of telling where the target is must be as 
easy to perform as the response of telling what it is. 
But this assumption is undoubtedly false. Suppose 
the target is a "B." If asked to identify, the subject 
says "B"; i f  asked to locate, he says e.g., "left." 
The second response is certain to be more difficult 
than the first. The processing sequence by which the 
subject comes to the mental decision that the target 
is a "B" may indeed take longer than that by which 
he decides that it is to the left. But these two decisions 
have to be mapped onto two indexing responses. 
If these responses are not equally difficult, the pre- 
dicted inequalities may well be masked. That is, there 
are undoubtedly different stimulus-response com- 
patibilities in the two response conditions that make 
for longer locational than identificational responses 
(Broadbent, 1971). This would tend to obscure the 
predicted inequalities LB < I B  and Lw > Iw.  

Under the circumstances, the location hypothesis 
can make predictions only about relative differences. 
That is, as described above, thc difficulty of giving 
a location response is presumably greater than that 
of responding with tlie nanlc o f  tlic itcm. The prc- 
dictio~l of the locution liypotllcsis must tllcrcfore be 
altercd to take the comparative difficulty of the 
locational responsc into account. This would modify 
the original prcdictions. Instead of predicting LB < IB  
and Lw > lw, we only predict (LR - IB) < (LW .- IW). 
That is, the location response will be more difficult 
than the identification response for both within- 
and between-category conditions, but this differelice 
will be larger in the within-category condition. 

T o  test this prediction, subjects were presented 
with one of four possible targets in one of four 
possible locations. On some trials, they were asked 
to indicate the target's identity; on others, to indicate 
its location. 

Method 
Subjerla. 'Twrlvc Cci-.,ilc undc~~;aduatcs w r r c  paid foi parllcl- 

palion i n  a 30-niin i~pcri: l lcri i ;~l - ;\.siai: 
General dcsign. Al l  5uhjccr-, wrre I.vn 111 a witllin-\~rhject 

2 by 2 facr:?rcsi dcslg~r, wlrh catc)c,:rial condllion (willbin v\. 
bctwecn) allti type. 01 rcsl,utl!,c ( i . . ~ ,~ l i on  vc. i c lcn~ i~y)  a\ IIIC two 
fncrors. Thc :'ou~. *::,,~di~lc>r~r of ih.: ~;x~>crirricl~t wcrc run i n  blocked 
fashion, will; nrdcr cr:,:l~:r:i-~r;,i..~!cc~' :ii;uralin$ to a Latin \quare 
design. Three sub!cc~, >*::re :iiii ;a i . : ~ ; i ~  u f  ;he four orders of  Ihc 
Latin sqllarc. 

SLiis~uius mrtctiais. Or] :,icil trial, ;he b:imuluc card conlalncd 
one ~argct a-id (hire f i c i i  ILerni .he CU,II )Icnl\ wcre always 
displayed at the I'our vcl-[ice., ob a n  in~ag:;~ary diarnond whose 
center coincided with the Clxalion mark, and uhobc diagonals 
were 3.1" o f  visual angle i n  length. The items wcre black Lclrasel 
nunierals and uppercase letters (Fulura Dcnli-bold, 24-point, 
.3S0 i n  height). Four letters-D. N, R. and X-served as targets 
for all conditions. For the within-ca~egory corrdi~~ons. the ficld 
items wcre chosen from arnong the letlcrs A. B, C, H. L. P. S. and 
2; for the between-category conditions. thc I'icld ~tcms were 
chosen from the set o f  digits 2 through 9. 

Wichin each o f  01e Cour cxperin~ei>la! col\dit~r>ns, each target 
was used equally often overall and was, pl;~ccd equall, often 
at each o f  the f u ~ ~ r  loci. The choicc and ol;lccrncnt u f  lhc field 
items was rarldornly dt~e:i.~ined, except :bar c ~ c h  ficld itcm was 
used equally ofre11 for each o f  she t w o  re\pons.- typl.5. I n  all. 
there werc 128 tes! !~ials during Ihc expaimclital sc\s~cin, 32 for 
e l :  of ? I .  t : 4 ! I  :r, aJJ l~~or ! .  tllerc were 
32 pr,~..irc! >.;I;,> , j , . ,  i > L ,  L~~I,-,..;I,, , I . :  C ~ I I S I I U C ~ C ~  ;~cc tv~ l ing  
to I I 1 , , I  i . .: fr.; .i.- ::rt card\. 

The ri~arincr ( 1 1  I,- 4.1, ;i ih.  .,.: ~ . ' i  ,.,r*;, :: IcIP~~:c~~ *I*.+', identical 
to zl!;lt enlpioytci isi i i xpr :~ ;~ . .~ : . t t t  ; c .L-rp: Ih..r if>crc =,a\ nci masking 
I l ~ i d ,  'Ti:;>. a i l < .  .I, , '  j <!i:ici,  :he ~ I A J I ~ ~ ; ; .  nwrk ,imply 
re;;lpen: c6 

I'ri:,;edb!c. 'Th:  r .,.; ::I; t , ;  s - -  '"rl: I . .  -... .ii-:l;d u i t h  lllc four 
target; iu,J $>,it!: all :: i!:: Ciyi:.: i t c i i t \  ~ . . : i , t :  ,i\ I ~ C  cxpcrin~cnt. 
l'tir:y 7.+cr.i t t ,::? :I.,! rail; ..;..sI .::QII:L; ,. ..ii.iirl or,'. ttarg:i and threc 
fiehi I~, , . IL~>. Iiui* ~ ~ t r r i ? .  w c r ~  $!LC, ?J 3 "  I~X: toui ~ . ~ r I , ~ . c ~  o f  i in . . 
1 1 : I .  C ;  : . , : I ,  . . ! i  ::!i ~ 2 . ~ ; .  \+;as randomly 
e r 1  I I : i'!!', r ::*,ill' ilic lnost t l f i c i c l~ l  5trategy 
was ta mainiaisc fixation a: rile cenic: or  111c field. 'They wcre 
further told that, on each trial, they t,dd to search for the presence 
o f  any one o f  t l i c  Zocr targets, each of' which was equally likely 
to occur. In !he two conditions that required an identity responsc. 
the subjects had 10 glve the lianie o f  [he target by spcakir~g into 
a microphone placed about 2 em frorr~ [hell lips. I n  t i ~ c  two condi- 
tions thal require9 a loca:ion respor,\r, lb? sub~c i l \  I ~ a i l  to utter 
one o f  tne four words "up," "down." ' Ic~I." 01 "rigI11." HTs 
were measured from the onset of !he tlisplay unti l  the ruhjects' 
respor.se; this tripped x voice-ope:-n:ed rrlay tlcai s~oppcd the 
clock. All subjecrs iver.:. :old 10 rcs~ont i  c l c ~ l l y  and crcsply, and 
10 icr;pon:l as quickly as possible while nlnlnl;l!nlllg a Iligh lcvcl 
of  ncc!irney. I f  the s u t ~ j c ~ t  sluircc' ,: rc ;>O:I\C (wlllcln ,bl\ly II~I~>~CIIL~ 
on .8Vo o f  thc triihls overall), t l~ is  was r.ourbtcd a\ an crroc. I l ~ r c r  
s~~b j t~ : ts  fuilcd l o  mccl an crlor cl i lrr lon of  9.5°;o;  Iticy werc 
replnced.' 

Al l  subjccts werc given 32 pinc~ic:. trials ! > ~ ~ l t ~ ~ c  \l,crlllli: tlrc 
cxpe~.imcnlal sessio~~. Wcfore eacli \)lock ,:f H r ) i : l i l l i c  trl.ll\. 
they were rlrlly ir l forn~ed abo~lt  the rcsy.i)nic rcqu~rcd \location 
or idc!.rit:i ar,~: .I)oL~I (he Licd I i ; ~ ~ ! i : u l u ~  ~rl.trcr~.ll~. that uo~c ld  
folluw (~ait l l in- ur bsween-i;  : '~i jry). -t':!;.; !nf:,in>;ricon wn> a l w  
supplied before each ;~f t i ; ,  four I>lcxL3 t ~ i  the cxperrmental 
ses5ion. 

Results and Discussion 
The mean RT.: were 972 and 194 alscc (with SDs 

of  1 I."; arad 70 rmsc;, respecii\.c'l;v) fdr location and 
identity responses in the withio-category condiiion. 
The corresponding mean RTs for the beiween- 
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category condition were 719 and 607 msec (with SDs 
of 63 and 65 msec). An analysis of variance showed 
that both main effects and the interaction between 
thcm were highly significant. There was the usual 
category effect, with longer RTs for within- than for 
between-category search: F(1,8) = 79.3, p < .W1. 
There was also a strong effect of response type, with 
longer RTs when the subject had to locate rather 
than identify: F(1,8) = 69.6, p < .001. Of primary 
conccrn to the present discussion is the interaction, 
which reveals that the difference between L and 1 
depended upon the categorial condition. As pre- 
dicted, this difference was greater for within- 
category search (178 msec) than for between-category 
search(l12msec):F(1,8) = 1 7 . l , p <  .W5. 

The group errors roughly mirror the RTs. The 
mean error rates were 8.3% and 4.7% (with SDs of 
6.2% and 4. 1%) for location and identity responses, 
respectively, in the within-category condition. The 
corresponding figures for the between-category 
condition were 2.6% and -8% (with SDs. of 2.6% 
and 1.4%). Analysis of variance showed that while 
both main effects were significant at the .05 level 
or better, the interaction was mot. 

EXPERIMENT 111 

Experiment 11 showed that (LB -- IB) < (LW - Iw), 
a result which is consistent with the location 

. . hypothesis described above. Partial processing ap- 
parently singles out. the categorialiy distinct item by 
tagging its spatial position. 

The obtained inequality of reaction times, however, 
is evidence for the location hypothesis only if one 
assumes that the differential response con~patibilities 
of locating and identifying result in some consrani 
increment of time that is added to the location 
responses of both the within- and between-category 
conditions. But there is an alternative interpretation 
of this inequality. We already know that between- 
category search is faster and presumably easier than 
is within-category search. Suppose the effect of 
coupling a difficult indexing response onto each of 
these search tasks does not add the same increment of 
time to each. This might be the case if, for example, 
there is a limited total amount of processing capacity 
which must be shared by all the processes involved 
in a particular task (see Rumelhart, 1970, for such a 
model). On this hypothesis, the addition of a difficult 
location response onto an easy between-category 
search process might add less to the total RT for 
this task than for the more difficult within- 
category task. The result would be an interaction 
of just the sort that was actually obtained. 

Under the circumstances, some further test of the 
location hypothesis is clearly desirable. One 
approach is to  find some independent way of mani- 
pulating the diffrmlty of the two indexing responses- 

for example, by making the !ocation response easier 
and the identity response more difficult. In actual 
practice, however, i t  turns out to bc quitc cumbcr- 
some to cquatc the difficulty of thc two rcsponscs. 
An alternative approach was thcrcforc adoptcd. 
For both within- and betwecn-catcgory condi~ions, 
subjects werc informed of the targct's locatiorl bcl'ore 
i t  was actually prescntcd. According to the location 
hypothesis, the only bencfit of catcgorial partial 
processing is to spatially isolate thc distinct itcm. If 
so, informing both within- and betwccn-catcgory 
searchers about the target's location should nullify 
the difference between these two conditions. T o  
return to John Wayne and Henry Fonda, it  shouldn't 
matter whether they are surrounded by cows or by 
other cowboys i f  one already knows where on the 
range they're supposed to be. 

How can the subject be preinformed about the 
target's location? One can't just fell him that the 
target will be at,  say 9 o'clock, for he will then simply 
move his eyes to that spot before thc trial starts. This, 
of course, would drastically change the paradigm in 
which the category effect has been demonstrated. 
T o  overcome this problem, the subjects were run 
according to a procedure adapted from that used by 
Eriksen and his colleagues (e.g., Colegate, Hoffman, 
& Eriksen, 1973; Eriksen & Collins, 1969; Eriksen 
& Hoffman, 1972, 1973). The subject was first 
presented with the fixation mark. On half of the 
trials, this fixation mark was followed by a very brief 
prestimulus cue, a small arrowhead that pointed to 
one of four possible target locations. Following this, 
the array items were flashed; letter targets were some- 
times embedded among other letters and sometimes 
among digits, but they were always located in the 
position precued by the arrow. The other half of the 
trials were run without the prestimulus cue. Since 
there is some disagreement about the latency of 
saccades and about individual differences in these 
latencies (Komada, Festinger, Phillips, Duckman, & 
young, 1973; Saslow, 1%7; White. Eason, & Banlett, 
1962), the duration of the displays was varied 
parametrically. 

Method 
Subjects. Twelve female undergraduates werc paid for parti- 

cipating in a 30-min experimental session. 
General design. Four subjects each werc assigned to three 

groups, which differed according to the exposure duration of the 
stimulus displays (25, 50, or 75 msec). Each group received 
four blocks of experimental trials whose order was determined 
by a Latin square principle. The blocks correspond to the four 
conditions of a 2 by 2 factorial design with categorial condition 
(within- vs. between-category) and locational information (cued 
vs. not-cued) as the factors. On all trials. the subject had to 
indicate which of four targets had appeared. A constant display 
size of 4 was used throughout. 

Stimulvs mmldab. The 176 stimulus cards were constructed 
mocordiq to the same principh &s those used in Experiment I I. 
with the runc four m, the urn population of field items. 
and the umc diamond-shaped display arrangement. For the 



THE BENEFIT OF CATEGOKIZATION 205 

prccucd coiidition. 88 cue cards were constructed. Each o f  
these conrained an arrowhead (Ldctraset U13275). which was in 
solid black and whose lorlgcst dimension was 23 min o f  arc. Its 
loc:ition on the cue card was such illat its point was I I ~ n i n  froni 
the dead center o f  tllc target that was going to appear im~nediatcly 
I l~crcaftcr. 

I'rior to the c,~pcrin~cntal trials, all subjccts were giver1 32 
specially constructcd practice ~r in ls l o  fatl~i l iarirc ~ l l c ~ n  wit11 l l lc 
use o f  a locational prccuc. A11 32 cards contained one o f  tllc 
four targets. D. N, R, or X and tllrcc dots at the rernaitiing tllrce 
i t an  loci. The prccuc was onlilted for tlic first 16 o f  these 
practice trials, and included for the last 16. 

Apparnlu~. A l l  stimulus materials wcre presented i n  the mirror 
tacl~istoscopc previously described. For thc two conditions with- 
out prccuc, the ordcr o f  events was identical to that o r  Expcri- 
men1 II cxcept t l ~a t  the stimulus display was presented 625 msec 
aftcr depression ol' the foot pedal. For the two prccue conditions, 
[lie prccuc appropriate l o  that trial appeared 500 mscc after de- 
pression o f  the foot pedal arid remained for 125 mscc. As alrcady 
mentior~cd. the duration o f  the stimulus display varied among the 
thrcc groups, lasting for 25,5O, or 75 msec. 

Procedure. The experimental instructions were identical to 
those used i n  Experiment I1 with the following exceptions. First. 
the subjects were told that they always had to identify the target 
regardless o f  its location. They were further told thar on two o f  
the trial blocks they would receive a precue pointing to the loca- 
tion o f  the target. They were also informed that there would be 
32 special practice trials, and further, that the first 12 trials ofeach 
eitpciimental trial block would be considered as addirional 
practice. and "wouldn't count." 

Only two subjects failed.to meet the error criterion o f  9.5%; 
one was i n  the 75-msec exposure group. the other i n  the 25-tnsec 
exposure group. Both were replaced. 

Results and Discussion 
Mean RTs were calculated on the basis of the last 

32 trials of each trial block since the first 12 were 
considered as practice trials. The means for the 
within-category condition were 552 rrtscc. (SW = 
60 msec) and 788 msec (SD = 85 msec) for the cued 
and noncued blocks, respectively. The corresponding 
means for the between-category condition were 
564 msec (SD = 81 msec) and 589 msec (SD = 
65 rnsec). These means were pooled for all subjects 
regardless of the display duration at which they were 
run since the results were virtually identical in all 
three groups (F < I ) .  

The mean RTs indicate that the locational precue 
led to a considerable reduction of RT in within- 
category search. But, as predicted, there was no such 

' reliable reduction for the between-category condi- 
tion. An overall analysis of variance (df = 1,9 for 
all F values) yielded highly significant main effects 
for categorial condition (F = 76.5, p < .001) and for 
locational precue (F  = 66.7, p < .001) as well as a 
highly significant interaction (F = 89.6, p < .001). 
In effect, all differences are due to one condition, 
uncued within-category search. Individual cornperi- 
sons showed that the mean RT produced by this 
condition was significantly higher than those in each 
of the other three conditions (p < ,001 in all cases). 
Comparisons among the means of the other three 
conditions showed no significant effect (p > .05 in all 
cases). 

The general pattern of  ihese results i \  mirsorcd in 
the error rates. Uncucd withtti..ca~cg<~r y sc;~rcl~ led to 
far more errors [ha!] any of' tile 01 hcr rl~rcc condi- 
tions; thrse othcr ttarec wcre virtually identical in 
their error rates. The mean error ratcs were 9.I'Vo 
and 0.5% f o r  unclacd ai-id cued within-catcgory 
search, respectively (with SDs of 10.OO/o and I .I(%). 
The cornparable f'igusc~ f o r  !,~t,:uccrl-category hearch 
were 1.6% and 1.0% (witlr SIIs of :!. I ?'I) and 1.5%). 
Analysis of variance revcaled signiric;int marn cfrects 
of  categorial condition ( F  =. 8 .7 ,  p < .02) and of 
locational precue (F  = 8.7, p < .02), as well as a 
significant interaction (F == 9. I .  p < .02). 

Since exposure duration proved as an insignilican~ 
factor, one can safely conclude that tile facilitating 
effect of prccuing was not mcdialed by cyc move- 
ments. That is, i f  the cuing effect wcre caused by cye 
movements triggered by the onset of the cuing 
arrow, this effect sl-ioulc! have diminished in magni- 
tude with decreasing i ~ t a l  exposure duration (cue 
plus display). No such dirni:lution occurred. Thus. 
as Tiri?::,c:i :ir;d hi ;  ~ollcagues ii;?ve shown in similar 

<' :; ,<,.- . p  p i  s : .  ,, r r,d .. I:%t.;r^:nan, Sr Eriksen, 
19'73; E:il\scil ck !..i%liji;!.,, ivi.,cp r!nksen & Uoi~rbaugh, 
19?9), thc ei'fzcr o i  t ? ~ -  ;>;!:'i-c:~l= IS 02 the "inner eye," 
not 03 :b  :. e.i '  - . t i - : !  .'yr ::lusc',r,::. 

. . l ki t ,  ir.,;,::: i*.li ,c:,;L;! I<%,; L I I ~  ~ r c i c : i ~ i  i;urposes is 
that piccl?,iri;:, ,i;ic,lishc:, i i ic:  iaift'crenzc between within- 
ard bel\veeo-carer:r\ry \,:larc:~. 'i'he within-category 
se;:rr',e.r i:. r.:\orj:\. .:,.r: ,  aii:. :: t?:y thc prccue; the 
I l c  trvee;l.-c.+trgct j sr;~~:c.i!,ar K 31 !,,r!i;..il ;11 all. This 
resul: ;,.lilr;*.u- directly !'i.!:.:.. tl~c ioL:iiion hypo[hesis 
whlci. ..:h?;er ts 1Ir;il i:, .leg.ji.iai 1.::: tial proco5rng rags 
the spatiaL locarion of the distrnct iten1 which can 
then be processed further. if this is so, rhe betwecn- 
category searchcr already has every thing the precue 
can give him: information about whcre to attend, 
that is, where to "look wirh the inner eye." Under 
the circumstances, the precue should have no effect. 
Not so for the within-caregory searcher. He has no 
means c!f partially processiiig thc array to single out 
the targcl item; but once he is preirtforn~cd about 
its location, he is on a par with his between-category 
counterpart. 

EXPEHIIMENI' 1V 

'The results of the preceding experiment appear to 
support our prcdiclion: within-category search is 
enormously aided by a localional precuc while 
between-category search benefits not at all. There 
are, however, a number o f  possible artifacts that 
might have contributed to this result: 

(1) Since the spatial location of thc arrowhead was 
very close to the place in which the target appeared 
shortly after. there may have bwn forward visual 
masking. This may have had a diffcrenrial effect on 
between- and within-category processing. 
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(2) As already mentioned, the subjects in the 
previous experiment were run in a 30-min session. 
With such little practice, the subjects may not have 
been able to take full advantage of the locational 
prccuc. 

(3) A further problem is posed by the response 
rcquiremcllts o,f the task set in Experiment 111. The 
subjccts had to indicate which of four possible targcts 
was present in the display. During the noncued 
wit hin-category condition. The subject necessarily 
had to hold all four letters in memory. But he didn't 
have to do  so during the precued within-category 
condition; he simply called out the letter to which the 
arrow had pointed. This differential memory load 
might have been responsible for the faster RTs of 
the precued within-category condition. 

(4) A final concern was with the lack of counter- 
balancing of target category and category condition 
since the targets in Experiment 111 were always 
letteks. 

The present experiment was designed to meet all 
four of these objections. 

Method 
SubjceLs. Two male and two female undergraduates were paid 

for participation in four 45-min experimental sessions run on 
4 consecutive days. 

General design. The experiment followed the general scheme 
of Experiment Ill. There were four major changes. ( I )  To  rule 
out the possibility of an artifact due to visual masiting, the arrow- 
head was presented in the dead center of the display. pointing 
to the target location 1.3O away from its tip. (2) All subjects 
were run for four sessions of 240 trials each to provide ample 
opportunity for practice. (3) The experimental task was to detect 
the presence of one of several targets. On 50% of the trials, no 
target was praent. Under the circumstances, the subjects were 
compelled to keep the targets in memory during both cued and 
noncued within-category conditions. (4) The targets were always 
digits, the field items either digits or letters. 

Stimulus mrlerlmls. There were four blocks of 48 test trials per 
session. Each block correspond to one of the four experimental 
conditions-cued and uncued within-category, cued and uncued 
between-category. The targets for all four blocks were the digits 
3.4. and 7; the field items were drawn either from the set 2.5.6. 8. 
and 9, or from the set G .  K. P, S. and Z. As in Experiment I 1  and 
Ill, each card contained four items that were placed at the 
vertices of an imaginary diamond whose diagonal was 3. l o .  On 
half of the trials in each block (randomly ordcred). one of the 
items was a target; on the other half. no target appeared. Each 
target was used equally often and was located equally often in 
each of the four loci. The field items were selectcd at random 
from their appropriate set with the constraint that each appear 
equally often during each trial block. Immediately preceding each 
trial block were 12 practice trials, 6 with a target praent and 6 
without a target. The sdmulus cards for these practice trials were 
constructed according to the same principles as thc test cards. 

For the precued conditions, cue cards were constructed that 
contained thc same arrowhead used in Experiment Ill. Its loca- 
tion, however, was always in the center of thc diomond pointing 
towards ihc place whcrc ihc iarlet was to appear in thc cvenl that 
therc was a targct. Whcn no tarlet was prcscnt, the arrowhead 
t a p i n  in the cTnter of the diamond) pointed equally oftcn to 
each of the four vcrtirn. 

pmcedmre. On ach  trial, the ardu of events w u  u follows. 
The subject fixated r t  a g d n t  in thc cmtcr of the display.-Hc 

initiated the trial by depressing a foot \witch. Wlicn kc d ~ d  so In 
the cucd conditions, the fixa~ion field W;I\ ~cplirccd  XI III\CL 

later by a cue card containing tllc arrowl~l-ad. I I I I \  ~ C I I I : I I I I C ~  

in view for 125 mxc. Aftcr Illis. t l r  S I ~ I I I I I I I I \  ( I ~ \ i ) l ; ~ y  w i ~ \  prr 
scntcd for 25 lnscc and was tllcn rcplilccd I)y tllc I~ r ; t t~ t~ r l  licltl. 
The sequcncc of events was idc~ltic;~l 111 111c I I I I C I I ~ ~ I  co110111ctri\ 
except Itlot instcad of on arrowl~cad Ille sultjcc~ wa\ pr r \c~~tcd with 
a larger fixation point. 

The subjects werc i~~struclcd lo rc\porld w11l1 it kryprr\\ when 
one of thc tllrcc spccificd t;rrgcts was j)rc\cl~t ;111tl 1101 otl~crwirc. 
For the prccucd conditions, they wcrc inl'orincd ~ l ~ a t  tllc arrow- 
head always puintcd to a target I f  one wa\ prc\crlt. As i l l  i;x[)cr~- 
mcnl Ill, tl~ey werc informcd of Ihc nature ol 111c four cxpcri- 
mental conditions and or Ihc practice trial\. A\ alwi~y\, tllry were 
asked to respond as quickly and asaccurately a\ they L O I I ~ ~ .  

The four trial blocks were prcsentcd i l l  an order coulltcr- 
balanced according to a Latin square ovcr subjcc~s and days. 
Naturally. within each trial block, the order of target and non- 
target cards was randomized. All further details of apparatus. 
stimulus materials and procedure were as in Experiment Ill. 

No subjects were excluded due to high error rate. 

Results and Discussion 
Reaction times. The results are presented in Table 1 

which displays mean RTs and SDs for the four ex- 
perimental conditions on each day. As the table 
shows, the pattern of results is substantially identical 
to that obtained in Experiment 111. The effect of 
precuing is present only in the within-category condi- 
tion. This is indicated by a reliable interaction 
between category condition and the presence or 
absence of the precue (F = 14.3, df = 1.3, p < .O5). 
Comparisons among the individual means (summed 
over days) indicate that the only reliable differences 
are those between the uncued within-category condi- 
tion and all three others (all three p values were less 
than .05). The three other conditions did not differ 
significantly from one another (all p values were 
greater than .05). 

The pattern of data in Table 1 suggests the presence 
of a practice effect; but analysis of variance revealed 
that the decline in reaction times over days was not 
reliable (F = 3.82, df = 1.9, p > .O5). In fact, this 
effect still fails to reach significance whcrl only 
Days 1 and 4 are considered in the analysis (F = 

Table I 
Mean RTs (with Standard Deviations in Parentllcws) of the Four 

Experimental Conditions of Experiment IV 
for Eacl~ Day of Pnctice -- - - - - -- 

Withincategory BetwccnCatcgury - - - -- - - - - 
Cued U n c ~ c d  Cucd Uncucd Mcan 

-- - - 
Day 1 478 6 70 465 482 5 24 

(115) (258) (10s) (I IS) 

Day 3 375 4 38 362 3RI 3 89 
( 27) ( 26) ( 25) ( 32) 

M a n  409 507 395 408 
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3.78, df = 1,3, p > .lo). Likewise, the interaction 
between cue presence and days, and the triple inter- 
action of Cue Presence by Category Condition by 
Days fails to reach significance, both when all 4 days 
are included in the analysis (F = 3.39, df  = 3,9, 
p > .05, and F = 3.13, df = 3,9, p > .05) and when 
only the first and last days are included (F = 5.02, 
df = 1,3, p > .lo, and F = 4.08, df = 1.3, p > .lo). 
Althougli the main effects and interactions of practice 
fail to reach significance (in most cases, marginally 
so). it does appear that there is some decline in the 
advantage conferred by the cue in the withincategory 
condition over days. This is due to the fact that the 
RTs of the noncued within-category blocks decline 
more rapidly than d o  those of the cued blocks. One 
possible interpretation of this marginal effect is that 
with practice subjects begin to learn the features 
which distinguish these particular targets from the 
field .items of the within-category condition. (The 
targets and field items were the same throughout.) 
The reason why the benefit of practice is less pro- 
nounced for the between-category condition is pre- 
sumably that the subjects are sensitive to the relevant 
features from the very outset, with little room left 
for further improvement. In effect, the processing 
strategy used in the withintategory condition may 
thus be transformed until it resembles the one utilized 
in the between-category task. 

Error rates. The error rates were quite low. They 
tended to be lower when there was a precue. In the 
between-category condition, the mean error rate was 
1.0% when there was a cue and 3.1% when there 
was not. The corresponding figures for the within- 
category blocks were 1.0% and 4.4%. There was also 
a tendency for errors to decline as practice pro- 
gressed. The mean error rates f o i  the 4 days were 
3.7%, 2.5%, 1.7%, and 1.8%. 

Conclusions. It appears that none of the four 
artifactual interpretations of the results of Experi- 
ment 111 is tenable. The differential effect of the 
precue was found in the present experiment even 
though the possibility of visual masking was 
eliminated, even though adequate practice was 
provided, even though the memory load for the two 
within-category conditions was equalized, and even 
though the category of the target items was changed. 
Under the circumstances, the partial processing 
hypothesis seems to provide a plausible account of  
the data. 

GENERAL DISCUSSION 

The four present experiments, taken together, pro- 
vide support for a partial processing hypothesis of 
the category effect in visual search. According to 
this hypothesis, categorization (e.g., deciding whether 
an array item is a digit) requires less detailed pro- 
cessing than docs identification (e.g., deciding 

whether an item is a 4), thus resulting in less cxamina- 
tion time for each i~cm presented and hence a faster 
reaction time for between- rhan fw within-category 
search. Gleitman and Jonides (1976) dcn1on5tratcd 
that this partial processing has a cost: less informa- 
tion is registertd and/or retained about both targets 
and field items during belwccn- than during within- 
category search. The present experiments provide 
evidence on the benefit of partia: processing. I t  allows 
the subject to locate the target without identifying 
all the distractor items first. Once located, the target 
can then be subjected to further analysis i f  
necessary. 
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NOTES 

I. There are two reasons for using this "go, no-go" procedure 
(in which the subject only gives a "present" respo~lse) in prc- 
ferencc toa two-choice task (in which subject must choose between 
a "present" and an "absent" response). In the first place. some 
of our pilot studies showed that RT variance i s  substantially 
lower in the "go. no-go" situation. Secondly, a study by Egeth, 
Marcus. and Bevan (19fZ) indlcntcd t h t  the slopes of the RT 

functions obtained in a memory sezrch task are lower in a one- 
response than a two-response task. This suggest5 that the addition 
of the response choice interacts with borne o l  the processing 
stages in which we are here interested. We therclore opted for 
a task that called for a minimum of w t p u ~  cllort 011 thc \~tbjcct's 
part. 

2. A different error criterion was used in [hi\ study than in 
Experiment I because the radically d~ffcret~t experirncntal pro- 
cedure proved to be morc difficult. In Expcrirnellt I, tile \ubjcct 
only had to indicate whcthcr a target was prc\ellt; in the present 
study he had to identify or locate one of four targets that was 
invnriably present. 
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