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cxpected if retentiorl failures were due 
to absolute levels of some rhythmic 
factor The suggestioll that the Kamin 
effect m.ay represent a state-dependent 
phenomenon is not new (8, 16). There 
is evidence that retentioll olf condi- 
tioned suppression of operant responses 
ix strotlger when tested at the same 
+biological time" as training th;an when 
tested at any other time of the 24-hour 
cycle (17), a rcsult similar to our re- 
sults. FinallyS we cannot completely 
e7(clude the possibil ity that something 
analogotls to a sl:ress response or some 
other psychophysiological reactiorl in- 
duced by the training procedure may 
itself become entrained to a rhythmic 
varilble alld illteract with the retention 
performance. 

Efforts to relate the Kamin effect to 
alterations (dLle to indtlced stress or 
biorhythmx ) in the activity of the 
pituitary-adletlal axis have largely been 
negative ( 18 ) . However, scopolamine 
w,as recently reported to be effective 
in blocking the appearance of the 
.Kamin effect (19). Sirlce there also is 
cvidence for a 24-hour cycle in acetyl-. 
cholille levels olf various parts of the 
-rat brain (.20), manipulation of central 
.cholinergic activity may be a fruitful 
approach in understandirlg the fluctua- 
tions in retenticon found in the present 
study. 
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tributed to handling and placement in the ap- 
paratus. All animals were transported to and 
from the experimental room and apparatus 
in their home cages. Placement in the ap- 
paratus was accomplished in as stereotyped 
faeihion as possible. lExperimental animals 
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Two snlilll tarbets side by sicrat ill the 
vistlal field, are flashed in rapid suc- 
cession. Observers tentl to report Ithat 
the left target flashed before the right 
targetS regardless of the actual order in 
which theye were presented. A series of 
experiments on this new illtlsion of 
visual temporsll order demollstrates its 
persistence tInder cl variety of corldi- 
tions and stlggests that it is thc prodtlct 
of neither response bisls nor hemispheric 
and hemiretinal asym tnetries. More- 
over the results are coresisitellt wi-th an 
explanation based llpon an interllal 
mechanism that scans vistlal inpllts in 
left-to-right order. 

The illusion was discovered dtaring 
infoirmalitest sessions ill which subjects 
sat, with taonpreferred eye oecluded 57 
cm from a cathode-ray tube display. 
Oll each trial the following seqvlellce of 
events occurred. (i) A horizontal matrix 
of dots (visual angleS 1()° by 48t) ap 
peared in the center of the screen. A 
vertical strip 36' wide was lefit l?lank 
in the center of the matrix to provide 
cl conveniellt fixatioll regicon. The mcitrix 
remained oar for I second. (ii) At 100 
msec after the offset of ithe mabtrix 
two diSerelat le-tters clppeared seqtlell- 

tially, with no delay betweell the oiFset 
of the first and the onset of the secondS 
one 1° to the lefit of fix-ation and the 
other a like distance to the right. Each 
letter lasteds10 msecS had a ViSllal allgle 

o£ 48' by 21tS and was choxen randomly 
from a set of l 2 easily discriminable 
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Ictters. (iii) At 1()0 msec after the termi- 
natioll of the second letter, the tnatrix 
of dets was agaill preselltedF for I seic- 
ond. On any trial a computer chose 
randomly which letter7 the left or the 
right, wowld occur first, thus creating 
two different temporal sequences, left- 
right and right-lefit (I ). The subject 
indicaited on a teletypewritcr his judg- 
ment of which letter was first and which 
was second. Subjects correc-tly identified 
about 60 percent of the left-right se- 
quetlces but only 3-0 percent of the 
right-Ieft sequences. In both cases they 
tended when making an error, to re- 
ver.se the sequerlce olf presentation 
rather than tc) misidefltify the lett-ets 
(2). 

Several plausible explanations for this 
illusion have been suggested, and we 
tIndertook an experimental program to 
choose among them (3). Olle hyfpothesis 
assumes that for an observer to identify 
the order of two stimuli, the neural rep- 
resenta-tions of those stimtlli lilUst ar- 
rive at a single center itl the nervess 
svstem (4). rf this center were located 
in the right hemisphere, the arrival nf 
stimuli appearing to the right of fiXa- 
tion would be delayed, becallse these 
stimuli project to the left hemisphere 
and their representations coLlld rea-ch 
th-e right hemisphere only after crossing 
the corpus callostlm. Stitnuli appearing 
to the left o£ fisation would not be 
handicapped in this manner, hecause 
they project naore directly to the right 
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Visual Temporal Order: A New Illusion 

Abstract. Brief vi.sllal ¢vtise1leli presented in rclpibl seqllez1Ce, orle to the left and 
one to the rig11t? ClppeClr to OCCICr leJt firLst} then rigXlt, regaedlesKs of the actllal order 
oJ preKsezltatio}, This illz-fsiozl persists l.lnder costditio7z,s of forced-choice testing 
aZtl does ZlOt l'(lZJ' with pfe,sefztation to the sasne or oppo,vite retinal henifieldst A 

,seric,s of experis7eslt,s ,vleggest,s that this illlesiosw fzlay be the procllzet of an inteena1 
f?78C'/1AlfBi,$'EW1 t/1flt ,s flwS lZiksl(6z1 inplfts izz 61 left-to-stigSlt oeder. 
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Fig. 1. Percentage of correct rec 
of the simultaneous stimulus pai] 
two-alternative forced-choice exp 
as a function of the interstimulus 
between the companion successi 
The sequence of stimuli in success 
is left first, then right (left-right); 
fil st, then left ( r ight-left). Shown 
lines of best fit determined under 
straint that both lines have identic; 
with variation in Y inte1cept pern 

ul.i, we collected new data usir 
kinds of sltimuli. Subjeclts were t 
four blolcks of 60 trials each. 
block, all stimuli were either crs 
Lorraine (C) or alphabetic ch 
(A). Half of the subjects were 
irl the order C-A-A-C, and ha 
tested in the order A-C-C-A. Thl 
order illusi!on was about the sarr 
ni.tude as in the first experimer 
mean percentages correct of 62 
for all left-right sequences arld a 
left sequences, respectively (P 
The diSerence between cross, 
phabetic stimuli wa.s not stat. 
slgnificanlt (P > .50). Moreover, a 

the interactions with type of s 
approached statistical significal 
addition, varying the hemifield c 
ulation (left, center, or right p] 
tion for the pair) again proved 
tive (P > .50). This experimen 
out alphabetic stimulus propeI 
critical for the visual order illu 

Although the ill.usioll does nc 
to be the result of hemifield o 
spheric asymmetries, il; is possib 
legardless of their perceptions, i 
are biased to respolld that left p 
right; such a res.ponse bias, w 
its source, could have accounl 
the significant effect oiT order in 
experiments. In accord with d 
ments in the theory and methc 
of signal. detectabi.lity (8), we 
nated response bias by deter 
whether the illusion persisted 
conditions of forced-choice test 
ollr final ex.periment, (I two-i 

hemisphere. We tested this hypothesls 
by introducing conditions in which we 
would expect both stimuli. to project to 
the same hemis!phere, without the neces 
sity of crossillg-the corpus callosum to 
reach the supposed simultaneity center. 
Collditions were as just described, ex° 
cept that in a third of the trials the 
letters both appeared to the right of 
fisatioll, in a th.ird they were centered 
(Ibotlt fixation, and in a th.ird both were 
to the left of fixation. Jn the first and 
last of th.ese conditions both stimuli 
project to the same visual hemis;phere, 
while in the center condition the stim 
uli project to opposite hemispheres. The 
briet exposures foreclosed the possi° 
bility that the subject could shift his 
gaze from one target to the other whil-e 
they were on the screenl(S). When the 
stimul i were flashed eccentrically in 
either hemifiel.d, the centers of the 
letter.s were alpprx.imately I " and 3 ° 
from fixartion. Twelve volunteers were 
studied, eacAl receiving 30 trials per 
combination of .;timulus position (leflt, 
centers or right) and order (left-right or 
right-left). The mean percentage of cor 
rect order identifications for the left- 
right sequence trial.s was 69, whereas 
the mean percentage for the right-left 
trials was 3 3. This ditTerence between 
the two orders wa.s virtually -unaffected 
lry the hemifield of presenta-tioll. An 
analysi!s of variance showed a slt,n ifi- 
cant effect of order (P <: .01). Neither 
the main effect of henlifield nor its. 
interaction with order appronched si^- 
nificance (both P > .25). 

The visual order illu.siola thus per- 
sists under conditions incompatible with 
the hypothesis that attributed. the illu- 
sion to transcal.losal delay. Since there 
are reports that ccrtain hem;field dif- 
ferences are depelldenlt upon the *Ise 
of alphabetic materials (fi), we won- 
dered whether our results generalized to 
nollalphabetic stinluli. Therefore, a 
cross of L.orrailleS a ver-tical line with 
two shorter horizontal crossbars, was 
substituted for the alphabetic characters 
used in our previous experi.melltsF This 
target had the salne dimensions as the 
letters. In addiltion, subjects now re- 
sponded. with a switch. throw to the 
right if they thought the stimul.us order 
was left-rightS and to the left if the 
order seemed right-left. This response 
mode a]so served to elimillate differen- 
tial order of report ( 7) as a possible 
cause of ou!r results. 

To permit an internally consistent 
comparison between the order illtlsion 
with allphabetic and nonalphabetic stim- 
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temporal forced-clhoice was used. Each 
trial was divided into two distinct 
halves: in one half, two stimuli were 

* sequentially presented (either left-rigilt 
/ or right-left); and in the other the tw 

.sti muli were presented simultaneously. 
Instead of having to judge whether the 

tte¢ stimuli were left-right or righit-left, the 
subject had to judge whether the firs 
or second pair on that trial was the si- 
multaneotls pair. All stimuli were letter 

v O's. For a simultaneous pair, the com- 
32 puter repeattedly plotted one letter and 

) then the other. Both letters appeared 
ognition simultaneous and continuously pr!esent 
r in the for 20 msec, with no visible flicker. In 
intervai successive presentations, each stimulu!i 

ve pair was flashed for 10 msec, as infthe earlier 
sive pair experiments. Unlike those experiments 
or right a delay was introduced between the two 
also are stimtlli. With equal frequency, thi!s in- 
thes10(pe terstimulus delay was 2, 4, 8, 16, or 
nitted. 32 msec. For each of the five delay 

values, half the stimulus sequences were 
left-right and half were right-left. 1]1 

ng both 80 percent of the trials, a simultaneous 
ested in pair was presented in half of the tria]s 
In any and a successive pair appeared in the 

osses of remaining half. The simultaneous pair 
aracters was presented firstlin half of these trials 

tested (chosen randomly) and second in the 
vlf were remaining trials. In addition, in 20:per- 
ve visual cent of the trials both stimultls pairs 
ne mag- were simultaneous. All stimuli were 
t, with presented at the same loc;, centered 
and 39 about the fixation region, the width 
11 right- now reduced to a visual angle of 6'. 
< .05 ) < A tone sounded w-hen the subject was 
and al- wrong, gi ving Icnowledge of results tc) 
isltically ensure that the subject could maximize 
none of performance. On trials where b-oth pairs 
,timulus were simultaneous, the tone sounded 
nce. In with a priori probability of .5. 
Df stim- Four subjects were tested in four ses- 
resenta- sions of 250 trials each. Figure 1 shows 
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cncoLlraged us to approximate the two 
sets of data for left-right and right-left, 
with curves of the same slope bu!t dif- 
ferent interce-pt. S-uch curves, dleter- 
mined by least sqLlares procedures, are 
showll in fFig. 1. 

That .left-right pairs were more ea.S- 
ily discriminated from simultalleous 
pairs thall were right-left pairs is anoth- 
cr manifesta!tion of the vistlal order il- 
lusion found in -the experiments in 
which forced-choice was not used. With 
interstimulus interval held constant, a 
left-.right sequence seems more clearly 
sequenticll (that is, no3asimulta:neous) 
than does a right-left sequence. The 
horizontal distance between ttle cLlrves 
in Fig. 1 provides an estimate of the 
time differential between fleiTt-right and 
right-left pairs. To eqtlalize the apparent 
sequential character oiT left-right and 
right-left pairs? the interstimulus interval 
fno:r the right-left pair would have to be 
KIbout 10 msec greater than that for the 
left-right pair. 

A possible expianatiorl iTor the illtl- 
sion may be :found in Lashley's sugges- 
tion that the brain illlpOSCS a temporal 
order oll simultaneous v-istlal informa- 
tiOtl (9): "Even with tachistoscopic ex- 
posures, the a-fter-discharge permits a 
tetuporal survey, and with visual fixa- 
tion? shif-ts of attention provide an ef- 
:Sective scanrling." The first part of 
L ashley's proiposal, the idea of a brie:f 
poststimulus iconic or visllal :image, has 
gained common acceptance (10). The 
existence of a scannirlg mechanism 
which reads out £rom this store) the 
second part of LashleySs proposal, re- 
mains cont.roversial. Heron (6) tried 
to account for variotls findings from 
stLldies of word recognition by postulat- 
ing a readout mechanism tha-t jumtps 
from a rest!position, near fixation, to 
the leftmost end of a stimullls array 
and then scans rightward. Others (.11) 
ha ve disputed the ex!istence of such a 
scanF 

A left-to-rig,ht scanning .mechanism 
of the sortproposed by Herorl could ac- 
count for the prepotency of left-right 
perception lof visual Isequences In 
scanning the temporary iconie store, 
information from the left portion of 
the field would be read out slightly be- 
fore information from the right portione 
Consequently, a sequence that wa.s ac- 
tually right-left, with a very short in- 
terval betweetl the two stimuli, would 
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of the CURV£S in Fig. l3 about 10 msec 
could be used as a first approxitllcation 
tO the time required for the scln to go 
from rest to the leftmost sti:mulLls posi- 
iion Since we have nof yet detcrmined 
the locLls of the rest position, we call- 
not yet trclnslate this estimate of 10 
msec into a :meastlre of -the speed of 
the proposed scan. Parametric vlria- 
tion of the loc-ation of targets may pro 
vide a more direct test of the scanning 
hypothesis, along with a quantitative 
description of the scan operatiola. 

:K0H ERrl SEKU 1 E-R 
PAU L TYNAN 

EUGENE LEVINSON 
CrCKSCXP INaboeato-E? of NelweVsciel(:-e 
NOTthWeSte} n U}1iV ee slit3l, 
E\!aZl S TOXI /lli}?OiN 6020 1 

Referencex and Nvtes 

1. l. Hirsh and C. Sherrick [J. Exp. PKs3xchol. 6t, 
423 (1961)] reported that about 20 msec is 
the smallest time difference discrimillable by 
the htlman vistlal system. However, becatlse 
they used no temporal differences between 0 
and 20 msec, tlleir estimate must Ibe regarded 
as a rou(Jh olle at best. Others stlbsequently 
reported tetnporal discriminations of I or 2 
msec for the vistlal systeln; the performance 
of our stlbjects is consistellt svith these later 
estimates [D. N. Robinson, Sciczlce 156, 1263 
( 1967); G. von Bekesy, Prsvc Nat. sl ctzd. Sci. 
IJ.S.A. 64, 142 (1969)]. 

2. Observations were made with moderate back- 
grotllld illtlmination. The illusioll cotlid not 
be observed when background illumination 
WrIS redLlced. TlliS WAS because the ltlminance 
of the cathode-ray ttlbe phosphor (P3 1) after 
presentatiosw of the first fletter did not decay 
to below vistlul thl eshold before the second 
letter eras presented; the resulting -temporal 
overlap mKlde jtldgrments of order ditliclllt. For 
the first and third experiments the targets 
and mask had a luminance of approximately 
2 I cd/m2; -lhe backgr(lulld ltlminallce was 7 
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cd/m2. For the second experiment the cor- 
responding values were 2.0 and 1.0 cdXm2. 

3. At the outset we considered whether we were 
de alingr, mJith sr variety of apparent motion . 
We rejected this possibility because the tem- 
poral characteristics of our stimuli were more 
than an ol der of magnitude different from 
those that produce good apparent motion 
[F. J. Sgro, J. E.rp. Ps)!ch0/. 66, 281 (1963)]. 
Itldeed, our conditions did not produce ap- 
parent motioll. Moreover, we have not been 
alzle to find in the literattlre on apparent or 
real (continuous) motion the kind of di- 
rectional asymmetry that one would expect 
if otlr phenomenon were acttlally related to 
-motion perception. 

A. This experiment also eliminates as an ex- 
xplanation for the illusion a possible latency 
difference between temporal and nasal hemi- 
retinas. A similar explanation for the il- 
lusion might be a gradient of latency rLln- 
ning across the entire retina, the right hemi- 
retina responding faster than the left. This 
hypothesis can be ruled Otlt by several studies 
that show latency increases with distance frorn 
the fovea, for both left and right hemiretinas 
{M. Lichtenstein and C. T. White, J. Opt. 
Soc. As?ler. 51, 1033 (1961); J. D. Rains, 
Visio71 lles. 3, 239 (1963); R. Rutschmann, 
Scieszee 152, l()99 (1966); W. H. Payne, Vision 
Res. 6, 729 (1966); Scielce 155, 481 (1967)]. 

5. WI. Alpern, in The Ee, H. Davson, Ed. 
(Academic Press, New York, 1962), vol. 3, 
p. 90. 

6. W. Heron, Sole. J. Pschol. 70, 38 (19S7). 
7. W. A. Winnick and G. E Bruder, J. Exp. 

Ps:chol 78, 528 (1968); M. J. White, Pscho!+ 
Bltll. 72, 387 (1969). 

8. D. M. Green and J. A. Swets, Signal Derec- 
tiOtI TJleory as2d Psychoph^sics (Wiley, New 
York, l 966) . 

9. K. S. Lashley, in T/le NeHrops) cholog! of 
LasSlley, F. Beach, D. O. Hebb, C. T. Mor- 
gan, H. W. Nissell, Eds. (McGraw-Hill, New 
York, 1960), p. 521. 

l(). Ck. Sperling, Ps) chol. Monogr. 74, 11 (1960); 
U. Neisser, Cogzl itilwe Pscholog) (Appleton- 
Century-Crofts, New York, 1967). 

l l. M. Coltheart and B. Arthur, An2er. J. PsSchol. 

84, 355 (1971); M. C. Smith and S. DRamunasr 
J, Exp. Ps) chol. 87, 23 (1971). 

12. S. C. McLaughlin, Pes-cept. Ps>c1tophys, 2, 
359 (1967). 

13. Stlpported by grant NS-10094 from the Na- 
tional Instittlte of Neurological Diseases and 
Strolce and grant EY-0(?321 from the National 
Eye Instittlte. 
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We have studied the lleurop:hysiologi- 
cal eSects of smoking witTldrawal and 
resumption as reRected in the average 
visual evoked potential (AXlE,). Elee- 
troencephaloKgraphic ( EEG ) ehanges 
commonly associated with towered 
arousal :have beeIl reported dur;ng 
smoking withdrawal. Thesle changes 
were reversed on reisuluption of smok- 
ing (1 ). 

Numerous studies of smoking and 
nicotine administra!tion ;(in doses eom- 
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parable -to t:hose obtained £rom smok- 
ing) show a predominant arousal e:ffect 
(2 3). lmprovement of learning with 
nicotinez possiqbly associated with in 
c:reased -vigilance has been re:ported 
(4). Associaition of the amplitude of the 
AVEP with arousal and vigilance hals 
been reported (5). Ilt was predicted that 
the smoking-satiated sqtate would be as- 
sociated with higher amplitudes than 
the abstinent state, notwithstanding a 
;3zeport of an opposi!te trend !(6) and an 
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Tobacco and Evoked Poteiltial 
Abstract significaslt char7lgess Were fozurld ln fwo idiceKs of the averagel visual 

evoked pote7ltiaXs izl ni7le smoRers after 12 and 36 hol.rs vf abstinence andf after 
resuelption of seloking. )17here avas a decrease of the amplitade envelope accom- 
paziyis?.g withdeawczl and an increase xvith reKsu:z7prion of smoking. Th.ese changes 
are consistent with the contentlon that tobacco i7wereases arousa1. Amplitude 
changes were fouzld iza a spec$c co}?poflesIt of the evoked potential occ"rring be 
tween l0O and Z25 millisecondw after t:he onset of the flash. The latter changes 
slxggest thev possitilitv that sswlokilzg} selectively ellhalceKs the perceptioul ol weat 
i5 ti}W?af li. 
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