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Abstract—Masked pictures of objects were flashed so briefly that
13.5% of them could be named. Forced-choice accuracy for the un
tified objects was at chance. When the pictures were shown again,
15 min and 20 intervening trials later, without any indication of po
ble repetitions, naming accuracy increased to 34.5%. The priming
completely visual, rather than semantic or verbal, as there was no

brdyly be semantically related), was found by Greenwald et al. t

idextremely short-lived: The target word had to be presented

ali@@ ms following the prime for the effect to be obtained.

5si- A subliminal presentation of an otherwise neutral stimulus can
veasequent liking judgments (Zajonc, 1968). In one such study (K
Wiilson & Zajonc, 1980), subjects were first presented with irreg

r
ing of same-name, different-shape images. This is the first demoislcﬂagons for a very brief duration (1 ms). Then, pairs of such octa

tion of facilitatory visual recognition priming by unidentified pictu
when the subject could not anticipate if, when, or where the previg
unidentified picture was to be shown again. A change in the positi
the object reduced but did not eliminate the priming, allowing a sp
lation that the locus of subliminal visual priming is at an intermed

udigplayed on the screen for 1 s, and subjects were required to ¢
prilef octagon they liked more and judge which of the two octagons
edwad seen before (old/new judgment). Although performance w.
atthance in the old/new judgment task, subjects tended to like th

®ne new and one from the set that had been presented previously,

stage in the ventral cortical pathway for shape recognition. stimuli more than the new ones. Consequently, the authors conc
that the subliminal presentations affected only judgments of liking,
not recognition. However, it is possible that an explicit measure su
Obidnew recognition might not reveal the gain from subliminal pre

ARafons. Therefore, the present study assessed whether identificati

N 8 object would be facilitated by its prior subliminal presentation, u

hthe implicit measure of perceptual priming.

tatiove used different exemplars of the same object (e.g., moto
and sailboat) to distinguish visual and semantic subliminal prim

W&tPtest translation invariance, and to possibly gain insights as t

Vigrtical loci of subliminal visual priming, we presented half of the

al priming be evidenced even if the observer cannot recognize cts in a position different from where they had appeared ir

stimulus on the first presentation, or even guess it from among & {§¥¥ning block.

alternatives? In one investigation of subliminal processing (Haber,

1969), consecutive repetitions of the same word were found to lefad to

identification, even though the word could not be identified on its first

exposure. However, in these experiments, the same word was present-

ed repeatedly without any intervening stimuli. Under these conditions

of low uncertainty (in that subjects knew that the same item was [o begypjects

presented, and in the same place), observers could selectively attend to

different parts of the word, or engage in lexical problem solving based Thirty-seven individuals (23 females, 14 males; age: 18-33 y¢

on the information they were able to extract from the preceding|pRarticipated for payment or credit in psychology courses at the

sentations. In the study we report here, pictures of objects that |weEsity of Southern California. All had normal or corrected-to-nor

presented too briefly to be recognized (i.e., subliminally) were spffiision. None were aware of the purpose of the experiment.

cient to facilitate recognition when they were presented again several

minutes and many stimuli later.

In a recent study of subliminal semantic activation (Greenwald,

Draine, & Abrams, 1996), a prime word was presented very briefly The objects were line drawings of tools, furniture, animals, clot

before the presentation of above-threshold target words. Subjects wiesans of transportation, and other objects, drawn with black

required to judge whether the target word was a pleasant or unpleasixels wide on a white background. The drawings were 4.8° to 1

ant word, or whether it represented a male or female name. TThigiean = 11°) in their largest dimension. The images were present

judgments were biased by the subliminal prime. For example| t@&lacintosh 16-in. Color Display, with a resolution of 83524 pix-

Perceiving an object once improves the accuracy and speed
recognition in a subsequent encounter (Bartram, 1974; Biederm
Cooper, 1991; Schacter, Delaney, & Merikle, 1990). A large portio
this facilitation, termegriming, can be visual in that an object wi
the same name but a different shape produces much less facil
(Bartram, 1974).

In these previous demonstrations of visual priming, observers
generally able to name the stimulus on its first presentation. Can
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prime wordkill biased judgments of the target wdsdmbtoward | els and a refresh rate of 75 Hz. Presentation of stimuli was controlled

unpleasantness, whereas the prime waappybiased the judgment by a Macintosh Quadra 950, using the Picture Perception Lab (|
toward pleasantness. This subliminal priming, which was tofakpftware.
semantic (as the prime and the target were different words that tould

Design
Address correspondence to Moshe Bar or Irving Biederman, University of _ ] _ _
Southern California, Department of Psychology, Hedco Neurosciences Build-On each trial, a single, masked line drawing was presented.

PPL)

Each

ing, Los Angeles, CA 90089-2520; e-mail: bar@usc.edu or bieder@usc.edsubject had 70 trials: 20 practice trials with images that were
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presented gain, two blocks of 20 @pelimental tials ead, and two
blocks of 5 contol trials eab. The objects in theirlst expeiimental
block repeded in the seconddick in one of bur possike conditions:
at the same or a dérent positionand with the same spe or as a dif
ferent xkemplar (diferent shpe) with the same name.ge an ofice
swivel chair and adurlegged kitchen dair).

The contol blocks were presented one befe and one after th
expelimental Bocks. The contol images all had dferent namesand
they were never used asxpeiimental imaes.Any improvement in
naming contol objects in the seconddek, compaed with naming the
contmol objects in theifst, would represent gneal improvement oer
the couse of the gpeiment ather than pming by the specit
images or names.

The subjects are never informed dout possile repetitions,nor
was the onset of the secorlddk of expeimental imaes signaled in
ary way. Twenty images and 15 minpn average, intervened betwen
the irst and second psentton of the same objecll stimuli (exper
imental,control, and pactice) vere randomy presented in one of th
nine possike aeas ceaed ly dividing a 26.6°x 19.5° sceen into a
3 X 3 gid. Stimuli in the tansldion conditions vere pesented in the
second lock with an aerage shift of 4.9° fom their position in the
first Hock (range: 1.9°-10.5°).

All the expeiimental imaes were balanced aoss subjects so tha
every object gpeaed an equalumber of times as pne and test stim
uli, in the same ersus tanslded positionsand as identical ersus
different-sh@ed exemplas. Ead of the &pelimental Bocks was pe-
sented ifst or secondand in a érward or reversed oder, an equal
number of times. In atition, the two sets of contl stimuli appeaed
equally often in the ifst and secondldcks. There were thus 32
sequences of stinti requited for a complete balancin@he daa from
5 subjects Wwose accuacgy was under 5% in bothxpeiimental Bocks
were diopped and thg were replaced with 5 n& subjects so tha
there would be déa from the 32 subjectequired for balancing A
given object ppeaed in bur of the nine possié positions,one br
ead of the bur conditions.

Procedure

After the subject mssed a mouseution, a fixation point
appeaed on the sa&en,followed ty a pictue of an object and the
a mask custom-designed to be highgffective for tha object
(Fig. 1). The &xposue dumtions anged from 42 ms to 56 ms yar-
age of 47 ms),ndividually adjusted to edrobject on the basis g
pilot work.3

Following eat stinulus pesenttion, subjects were required to
identify the object ¥ name even if they had to guess. Subjects th
chose fom four object names in aodiraltemaive forced-thoice
(4AFC) testThe 4AFC test ws composed obfir types of itemsthe
correct esponse (g., “hammer”),an object of the same supatinae
class lut of a diferent shae (eg., “nail”), an object thehad been con

1. Indusion of the dopped d&a would reduce the mgnitude of the décts,
but not infuence their piiem.

2. The masks and stimfus objects wre diawn with lines of similar thik-
ness and similar corast. The imaye of an object ws usuall unrecaynizeble
when the mask as supemposed wer it.

3. The pilot expeliments had the same design andcpdue as the xperi-

D

1%

L

qnamed caectly, and Fgure 3 shavs the pecentaje of corect

srfest was near lsance (28.5%; sedd: 3). Naming accuacy on the sec

Response: Naming
followed by 44FC.

Mask
100 ms

Stimulus
47 ms

9 possible locations

Fig. 1. lllustration of the sequence of/ents on a singleitl. A line
drawing of an object couldmpear in ap of nine possile positions on
the sceen,defined Ly patitioning the total s@en aea into thee ows
and thee columnsThe masks wre custom-designed to be high
effective with eab object. Bllowing eat stinulus pesenttion,
subjects fied to name the object and thelmose a name in adir-
altemaive forced-doice (4AFC) test.

fused with th& object in pilot &peliments (eg., “scissos”), and an
object tha was visualy and céegorically unrelaed to the stimlus
(e.g., “dog”). The 4AFC test w&s used to assess subjeatgreness of
the identity of the objectand to povide some inbrmation as to vina
could be gtracted fom unidentifed presentéions. Specitally, a sub
ject who could not name an object mightvhastill gained enough
information to be &le to doose the coect name out ofdur altena
tives. In neither the namingtempt nor the 4AFC testas edbak
provided as to the ceectness of theesponse

RESULTS

Figure 2 shais the pecentage of tials on wvhich objects vere

responses on the 4AFC tesr firials on which objects vere named
incorrectly (correct naming of an objectag alvays followed by a cor
f rect esponse on the 4AFC test). ®ril3.5% of the xpeimental
images could be named on theirst pesentéon. When subjects
could not corectly name the stimlus,their perbrmance on the 4AFC

ond Hock was unelaed to vhether thaobject vas guessed cactly
on the 4AFC test on ther$t Hock, given tha it was not initialy
named pior to the 4AFC test. Naming aceuy increased substantia
ly, by 21% (fom 13.5% to 34.5%fpr objects of the same giewhen
they repeded d the same lod#n in the secondlbck. (All the objects
named caectly in the frst Hock were also named crectly in the see
ond when thg were repeded d the same positionAccuragy of nam
ing the contol objects inceased 4%\er the couse of the gpeiment.
This increase rast be #ributed to @neal factois tha were indgen
dent of epetition of specit stimuli (i.e., priming). The 17% adan
tage of the same-spa same-position objects comedr with the
second ock of contiol objects vas,therefore, a consequence of su

ment eported hee, varying only in the exposue dustions for individual stiruli.
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liminal priming, t(31) = 4.55,p < .001. This rliable increase intr
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Fig. 2. Percentaye of corect naming 32 subjects on the contrand &peimental Bocks. Objects in theirfst expelimental Bock (prime
objects) epeaed in the secondkpelimental bock in one of bur conditionsat the same or a dérent positionand with the same spa or as
a different xemplar (i.e, different shae) with the same name&ror bas shav the standat error of the meandr eat condition computed
from the deiation scoes of ealb subject ér tha condition aound his or herwn overall mean. Betwen-subjectsaiiability is thus emoved

from these meases of \ariability.

accuagy was also obtained ven the angkis was done er objects,
rather than subject$(19) = 6.03p < .001.

On the secondlbck, the adantage in identifying the same-spa
images wer the diferent-sh@e imaes vas highy reliable, F(1,31) =
20.25,p< .001,as assessed/la 2 X 2 anaysis of \ariance (Shpe X
Position) of the secondick naming scas.This result indicges tha
at least some of the ijpning was visual and not jusevbal or conge-
tual. In fact,all the piming in this peliment was visualpecause sec|
ond-dock naming accluacy of the same-namédifferent-shae stimuli
was equialent to tha of the secondibck contiol images, t(31) <
1.00. The equvalence of these conditions indiea tha none of the
priming was \erbal or concgtual.

Translding the same-sipe stinuli reduced the ngnitude of pim-
ing to gproximately half of what it was in the same-position cond
tion (8% vs. 17%)leading to a signitant inteaction betveen shpe
and positionf(1, 31) = 5.91p < .05. (The main ffect of tansldion
fell shot of significance F[1, 31] = 1.91p = .18,likely because of the
slight adiantage of transldion in the diferent-shae conditions.)
Tukey's HSD post hoc tesevealed thafor the same-sipe stinuli,

translaion produced a signiant eduction in accuacy (p < .05).

466

These same-sha, different-position stirali still evidenced pming,
as shwn by their adiantage over the secondtbck contol stimuli,
t(31) = 2.26p < .05%

DISCUSSION

These esults demonsdte sutiminal visual piming tha is resilient
to intevening stinuli but impaied by translaion. Was par of the

4. In genenl, the amount of pming was diectly relaed to the etent of
translaion. Hovever, because the ngaitude of the @nslaion and the posi
tions to which objects vere translaed could not be completebalanced eer
objects and positionsio contusions ae ofered as to theseaviables.

Objects pesented tethe center wre moe easiy recaynized than imges in
other positions (22% vs. 12%). Wever, because the ceafrposition vas used
equall often as the other positions (11% of thals), and because the desig
was balanced so théhe pime and test locks were switched br half of the
subjectsthis difference in pereptibility could not infuence the pgem of the

=}

results.
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Fig. 3. Percentaye of corect esponses on thetr-altemative forced-

subjects caectly named the objecthey always cose the coect 4AFC altemaive. Those tials ae not induded hee.) The 4AFC test &s not
administeed on the condl trials. Eror bas were calculéed as in Fure 2.

improvement a consequence of ieased namevailability from the
4AFC test in Blok 1?As a pat of another stug we ran a piming

expeiment under similar conditiorfsput the 4AFC test as not
administeed Whereas the mgnitude of visual pming for identical,
same-position stiodi was 17% in the msent gpeiment (in which

subjects wre exposed to the names in the 4AFC tetfte manitude
of piming was someha greaer, 20%, in the expeliment without the
4AFC test. Consequemtlthere is no gidence thathe impovement
attributed to visual pming in the pesent gpeiiment was a function of]
the xposue to the caect name in the 4AFC test.

Unlike the tansitoy subiminal semantic gming of words
reported by Greenvald et al. (1996)suliminal visual piming has
been shan in the pesent stug to pesist for & least 15 min and 2
intervening stinuli. Visual and semantic jpning of supaliminally
presented stimli, in contiast,have both beendund to be long-last
ing: Priming of object namingfor example can last 48 weks after g
single &posue to a pictue (Cave, 1997),and piming in semantic
memoy tasks sule as vord-fragment completion can last as long
16 months (Slomarilayman, Ohta, Law, & Tulving, 1988). Hav-
ever, unlike these ifdings tha were obtained with idenidble
primes, the indings eported hee sugest tha subliminal visual

5. The expeiiment did not intude the tansldion and diferent-shae \ar-

toice (4AFC) testgiven tha the naming tiempt was in eror. (When

priming lasts longr than suliminal semantic pming. The compar
son is &ceedingy clear, as the pming in Greenvald et al. (1996)
was completgl semanticand the pming reported hee was com
pletely visual.

Consistent with theobustness maréisted l subiminal visual
priming are studies using igetive piming (eg., DeShepper & Treis
man,1996). Neative ptiming is the eduction in theecgnition of a
stimulus tha was edlier ignored because of instctions to &end to a
competing stimlus. Wheras ngative-piming paadigms emplp
selectve-dtention manipulaons, in our stug, stimulus aailability
was limited ly exposue dustion and maskingStudies comparg the
effects poduced  atentional misdiection and pexeptual limitaion
will be required to detanine whether the dferent tasks hae the same
undetying basis.

As noted in the intduction,sudiminal presentéions in Kunst-
Wilson and Zajons (1980) &peliment did not dect old/nev recay-
nition judgmentshput did bias dkective judgmentsThis bias mg be
asonsideed suliminal affective piming. The contibution of sulimi-
nal pesenttions to objectecaynition, however, might not be evealed
by an e&plicit task sub as old/n& judgments,as it my not be
indexed ty subjectve reports of familiarity (Nissen & Bullemer
1987). One implicéon of our stugl is tha a second lef presenttion
of the same stindi in Kunst-Wilson and Zajons stug might hae
resulted in ecanition piming, despite the ltance perdrmance on

ables,and used oyl four andomy altemaing, geneic masks.

VOL. 9,NO. 6, NOVEMBER 1998

old/new recagnition following the frst pesentéon.
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A SPECULATION REGARDING THE CORTICAL
LOCUS OF SUBLIMIN AL VISUAL PRIMING

The patial position dpendeng of subiminal visual piming—
tha priming was ony reduced bt not eliminaed ky a shift of
4.9°—allavs a specul#on as to the locus of itsfett along the cor
cal pahway for object ecaynition.

Cells along the tempal visual pghway in the macaque ar
ordered in a ough hiearchy along & least tvo dimensionsCells in
more anteior areas tend to he lager receptive fields (RFs)and thg
prefer moe comple& feaures.Thus,cells in the pmary visual cotex
(V1) have small RFs (typicaflless than 1°; Roe &s'0,1995) and &
sensitve to \ery simple stinuli (e.g., oriented lines). In conast,cells
in the infrior tempoal cotex (IT) have lage RFs (&eraging 26°;
Desimone & Goss,1979) and & sensitie to complg stimuli (e.g.,
faces). Lesion studies in IT indteathd its posteior pat (TEO) is
important for patem discimination, whereas its antéor pat (TE) is
crucial for object memar (Iwai & Mishkin 1968,1969). In adition,
stimulus familiarization afects the tuning of IT cells (Ring1996),
and object naming pduces enhanced positr emission tomgraphy
signals in thaarea (Matin, Wiggs, Ungerleider, & Haxby, 1996).
Therefore, area IT has been sggsted to hee a centl role in visual
object ecanition (Kobaake & Tanaka,1994; Miyashita,1993).

There is some uncainty as to e the human homotue of IT
might be Results fom imaging studies sugest an aganizdion in
humans thereflects the functional distinction beé&nTEO andTE in
monkeys (Tootell, Dale, Seeno, & Malach, 1996). Br example
human lgeral occipital cotex (area LO; Malab et al.,1995) is &clu-
sively sensitve to objectsand esponds considatly less to san
bled pictues and visual noisBecause @&a LO is antéor to V4, it
might be the human homaoe of monky TEO. It is likely tha
semantic kneledge &out objectshowever, is handled drther along
this pahway (e.g., areaTE or pefrontal cotex; Wagner Desmond
Demh Glover, & Gabrieli, 1997).

Thus,one possile inteppretaion of our esults is thathe 86.5% of
the frst pesenttions tha were not identifed did not actiate a suffi-
cient rumber of those cellsepresenting thiobject in the humar
homolaue ofTE. It is,therefore, possilte tha the sutiminal priming
was a consequence of Aang in pior intermedide aeas.These
intermedide representdions might not hee been waailable for con
scious eport, suc as namingWhen thg were combined with the
actiity of a second @senttion of the same stialus, the esultant
activity might have been sticient for identiication of the object.

This hypothesis is consistent with the esinf RFs of cells in the
ventrl visual pghway and the dect of tansldion on suliminal visu
al piiming.b Because cells with lger RFs hae a geaer chance of
being eactvated ly translded pesenttions, and cells in diferent
visual aeas hae RFs of diferent sizs,priming different aeas will
result in diferent dgrees of position waiance For example
suprliminal visual piming—in which most of the objects e rec

6. We assume thi@riming requires eactvation of some pdion of the cells
tha were initially actvated ty the pime, and tha transldion invaiance is
obtained vhen the ne stimulus position allas actvation of a high popottion
of the peviously actvated cells.The function elaing propotion of reactvat-
ed cells and ngnitude of piming may be nonlinear (g., ogival), with little or
no piming maniksted avery low propotions, and near maxinm levels of

priming with higher popottions.

468

ognizable also on theirfst Hock, and piming was maniésted |y shot-
er response times on the secoridck—has been shen to be com
pletely transldion invariant for a tensldion extent of 4.8° (Biedanan
& Cooper 1991). Supaliminal visual piming is thus lilely to afect
an aea with RFs lage enough to fuj} accommodt the tansldion
(e.g., IT). The shift of 4.9° thwas used in the psent gpeliment
cannot be accommottal by the small RFs of cells in dgrareas sule
asV1 andV2, and would be fuly accommodied by the lage RFs of
cells in IT (lesulting in a completeansldion invariance).Therefore,
the patial position deendeng reported hee suggests thathe efect
of subdiminal visual piming may be concentted in a catical ara
where cells hae RFs of intemedide siz. A likely candid&e is the
human homolgue of aeaV4, where the RF sig 0.7° to 10° (&naka,
Weber, & Creutzildt, 1986)7 would staddle the 4.9° shift.

This hypothesis can be testeg bontiasting the bamacterstics of
sulbiminal visual piming with knavn physiological propeties of cells
in intemedide visual aeas. Br example it is believed tha the RFs of
cells invV4 andTEOQ, unlike aeaTE, are confned to a single quadnt
of the visual field, with little or no avedap acoss quadints (Bous
saoud Desimone & Ungetreider, 1991; Géass, Sousa,& Gross,
1989). Indeedwe recenty provided futher suppdrfor the pesent
proposal thaian intemediae visual aga is the locus of siitminal
priming, as tansldion within quadants esulted in signi€antly more
suldiminal priming than tansldion between quadints,although the
transldion was of the samex&ent and eccernitity in both conditions
(Bar & Biedeman,1998).

Crick and Koch (1995) adlanced a ypothesis thehumans a not
aware of visual actiity in the pimary visual cotex, V1. Our esults
suggest tha humans mya not be avare of visual actiity that is asse
ciated with object identity \een higher in the entral visual pghway
(viz., V2 andV4). Awareness of a stimlus mg thus entail its insla
tional invariance
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