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ABSTRACT

The purpose of this investigation was to determine
wvhae*ther subiects process complex visual stimuli during he blank
time following stimulus presentation. Shaffer and Shiffrin
(1972) have arqued that complex visual stimuli, unlike verbal
stimuli, are only processed durina the presentation interval.
Experiments T and IT attempted to replicate a finding of Milner
{(1968) that normal subiects improve their memory for pictures
of human facns during a 90 second unfilled retention interval.
Both experiments failed to replicate Milner's results.
Experiments IIT and TV investigated if subiects can counteract
+ha effects nf proactive inhibition (PI) in short-term memory
{(STM) by rehearsing the faces. 1In experiment III there was a
significant bhuildup and release of PT when the retention
interval was unfilled. 1In experiment TV the retention interval
was filled with counting hkackwards by threes and recognition
scores were not significantly different from experiment IIT.
The results are interpreted as indicating that subjects do not
rehearse pictures of faces and hence can not counteract the

effects of PT in STM.
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7 : INTRODUCTION

Lo : . -
’ . -
,\Jd . . 3 . . * 3 .

- . : N w

®any current models of memory (i.e. -Atkinson and
Shiffrin,) 1968; Glanzer, ahd Cunitz,.1966; Lauqghery, 1963}

Sverling, 1967; Ehodh and Norman, 1965)1depiot,the subject as a

s

.. processor of information., Information enters the organism

-

H

throuoh*seﬁsorv receptqrs'and flous from one stage of . .

process1nq to .the nex+ The various staqes are referred to as

structures and the operations vhich are perforued on the

i

information at éach stage are referred to as’contro} processes.‘
mhe struotqresoare’fixed components of thé.svsten vhich do not
vary and thexoontrol.Drocessesyare fle}ible Drocedﬁres ;hich
are under the subijects! oontrol. |

-

;‘ . v
Tbe system is qenerallv d1v1ded 1nto 3 main structures, a

" sensory information store (SIS), a short tern store {STS), andf .
a long terllstore (LTS). " The bulk of research done within thls
franeﬁork has investigated the STS, the LTS, and the control -
processes Hﬁich operate within each\o?—then as well as ltetween

+them. 7Tt is of considerable theoretical importance to

vdeterline if‘the t}bes of control processes used by subiects_in

experiments of short .*era memory (STH) differ when different
T

types of information are being Drocessed, -

~

i
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- A Jontrol process which has received considerable

attengign is rehearsai, Atkinson and Shiffrin (1968) attribute

2

2 main fupétions to reheafsai'. First, reheprsa15qaiﬁkains .
itams in STS, from which probability of,ipuediate‘retrieval is

verv'hiah, and secoﬁdy/ii transfers items'fron'thé STS fo the

LTS thaus 1ncroa51nq the orobabllltv of retrleval after a delav.
'Host of the work on memory has been done using verbal laterlal-

it is of considerable theoretical importance to,deterulqivfﬁg/~

-

axtent to which processes found necessary to account for

retention of verbal information are also necessary to account

for the retention of nonverbal information. ‘The present study

is concerned with the role of rehearsal in the retention of
visual 1nformation (spec1ficalv, recoqnition memory for human
faces) in comparison to 1ts role in the retention of verbal

1nforlat10n. -

7
1
s B -

There is considerable evidence for the existence of 2

separate but i?teractinq processing systems in the hpman‘brain.

-

Pollowing currént usage one is referred to as the

. a
faas

e

verbal-linquistic processing systes and the other as the’

visual-nonverbal processing system.

-

One line of evidence supporting -this position is research

on patients with surqically Separated cerebral hemisrtheres.

] -
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This research indicates that the right and left hemispheres

1iffer with respect *o the type of information thaf>they

process. Th= left hemisphere specializes in processing verbal

.

linquistic information while the right hemisphere specializ?s

in processing coaplex visual information which is not easily

e

verbalized. Pesearch on these split-brain patients has -

. demomrs+trated that although fhe right hemisphere. does process

scae verbal information (Zaidel, 1975) the 1ef£ hemisphere is
vastly superior in probleams which require verbal analysis or a
verbal response. The right hemisphere, on the othér hand, is
superior on Drdblené which 'involve Gestalt, wholistic
processing and while the left hemisphere can soméﬁimesﬂprocess

such information it dnes so much less effectively than the

e
-

right hemisphere.

P

A second line of evidence supporting this position is the

Aata qatheredvon the effects of localized cerebral lesions.

e . . . : .
- ™h=2 neurological evidence gives support to the idea of lateral

4 . - . C e . .
snpa2cialization cf function not only in information processing

in qenégal but also +*o memory in particular. Left hemisphere

dazage has 1nng been associated with aphasia (Broca,1861) and
other lanquage diéorders. ®ore recently data have .heen
ga*thered on subtects wvho have underqone unilateral temporal

A

~lohectomies in the treatment of intractabkle epilepsvy. - These



subiects off@r a uniaue opportunity to study the effects of"
brain damage because detailed_inforhation is available on the
amount and lncation of the tissue removed. By using these
subjects it is possible to investigate the effects of damage to
tha right or left hemisphere while controlling for the effect

2

nf the amount of tissue danaded. .

-

s

Unilat=ral temporal lobectomies of the left hemisphere
lead to perforaance deficits on tasks involving rgcall of short
prose passages (Milner and Teuber, 1968), verbal paired
associate learning (Hilger, 1967), recall of comsonant triqrams
Pn a Brown-Peterson short term memory task, recall of recuqrinq.
digit strings in a Hebb task (Hiiper,197b) and redoqnit}on of
verbal iteas in a continuous recognition paradiqm (Hilnér, {

1967} . Subjects with unilateral temporal lobectomies of the

right hemisphere do not shoy comparable deficits.

Right hemisphere lobectomies lead to deficits on a
continuous recognition task using nonsense figures as>stilqli
{ximura, 1963), learning of mazes which require remembering
svatial orientations (Milner and Teuber, 1968), memory for
nuaber of dots presented tachistoscopically- (Rimura, 1963), and
aezory for haman faces (Milner, 1968i. Left hemisphere

lobectomies do not affect these tasks.
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The relatigpship betéeen‘riqht henisphere'danaqe and
defiéits in facial recognition has been particularly well
documented. 1In 1987 Bodomer iﬁtroduced the term prosopagnosie
tc discribe a pathology vhich involves Fhe'inabilitv'to
gecoqni?e_even familiar faces and iszassociated Specificallv
with daiaqe to the right hemisphere. Pure prosopagnosia is
fairly rare but several investigators have reported'evidence
that right hemisphere damage c;uses significant deficits in
recognition o vﬁﬁ?;;;T;;r faces (Benton and Van Allen, 1968;

peRenzi and Spinnler, 1966; Warrington and James, 1967; Yin,

1968) . Yin has even arqued that the deficit is material
specific and that patients may show deficits in me
faces without shovwing deficits in memory for Other’COlD

visual ¥timuli.

A third 1i£e of evidence is the recent finding that
differences in lateral specialization can be delonstratéd in
norsal subijects by nsing a reaction time measure {Pilbey and
Gazzaniaga, 1969). Stimuli which are presented in the right or
lef* visunal field are profected to the ccontralateral
hesisphere. Por these stimuli to reach the ipsilateral .

hesisphere they must cross the corpus callosum and the time

ne=ded for this transfer produces a reliable increase in



.

respoﬁse latency (Poffenberqér,1912{ Jeaves, 19657 Berlucchi,
at.al., 1971 . 1If a stiaglus is proceésed by the left.
heaisphere, response latencies will be shorter when the
stimulhs is presented in the right visual field. Rizzolatti,
"milta, and Beriucchi (1971), aﬂd Geffen, Brgéshawrand

Wallace(1971) had subiects merorize a set of stimuli and then

presented probes in the right and left visual fields. ®hen the S
-~

stimuli were human faces, response latencies were shorter for

<

lef+ visual field probes and when the stimuli were "letters,
latencies were shorter for right visual! field probes.

Seamon and Gazzaniga (1973) have.extended these findings
by demonstrating that the natare of the-stimuli is not as
important as the manner in which they are encnded. Poac£ion
*imes are faster *to left visual field probes when words are :
ancoded using a relational imaqgery Strateqy and to riaht visual

&

fiald probes when they are encoded using a verbal rehearsal

strateqy.

mhese reaction time data add to the overall picture of

Functional specialization of the hemispheres by providing data

gathered on normal subfects. 1Increases .in response latgpcies

"do not necessarily imply lower levels of retention, however. , -

%

Ailliard (1973) presented faces in the rigqht and left wvisual ) s
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fi=2lds and measured recoqnition accuracy. He found that faces .

were recognized more accurateiv in the left visual field than
the riqght. When he presented letters in right and left vishal
fieids accuracy vwas qreater for those presented in the right
visualrfield. Dee an Fontenot (1973) conducted a similar
experiment using random shapes which were complex and of low

dssociation value. They also found that recognition accuracy

was higher for the shapes presented 'in the left visual field.

B

Thus, there is a qrewing body of evidence indicating that
in human subiects verbal information is stored in the left

N

hemisbhere and nonverbal or difficult to vefbalize inf;rmation
is stoggg,{;\the right hemisphere. If these different types of
infofqgtion are stored in different henisphe;es, it is possible
that there are different control processes available for the
different types of information. As mentioned, the vajst
maﬁéritv of research on nélorv processes has béen done using
vérbal or left hemisphere stimuli. When pictures have Seen
usad they ba§e usually been simple drawings designed so that a
;ne word label conld be easily attacﬁed to the picture.

In the few experiments that have been done using COlplex
visual stimuli, there have been some very interesteing

fiudinqs.\ Shepard (1367) has demonstrated that the visual

Y



menory system has an extremely large capacity. He presented
subjects with\ 612 pictures and allowed them to pace their own
study trials. After spending an averaqe of only 5.9 seconds
studying each item, mean recognition was 98 percent. Fven more
dramatic, Standing, Conezio and Haber (1970) repcrted 90
perc¢ent accuracy when subjects studied 2,500 picfutes for 10
seconds each. Theses extremely high levels of performance may
be indications that there are differences in the vé:bal and

visual memory systeas.

Haber (1970) arqgued thét recoqnition memory~for complex
visual stimuli is different from verbal memory in that the
stimulas is only processed while it is in view and that
processing does no* continue into blank,time followina sginulus
presentation. Potter and Levy (1969) came to very similar
conclusions bésed on their own results. They presented
subjects with sequences of coaplex picturesraﬁd varied the*
presentation times from 1/8 second to 2.0 seconds. They fqund
+hat as the presentation interval increased, the Dfobabilitv of
a correct recognition increased frona ;15 to .93. Their
conclusion was that coaplex pictures are processed one by oﬁe
fér the duration of their presentation. |

These results are important because they are quite



-~

different froggresulté obtained with verbal materials. ﬁﬁéﬁggiﬁ-“
memory span verbal materials are used, the presentation time,
after a certain Qiniunl neccessary for perception,is relatively
unimportant (Aronson, 1967). The p;esentation time is
uniaportant because once the stimulus is perceived it’can be
naintained in.short tera memory bv,rehgarsal {for purposes of
this paper rehearsal u{ll be defined as "conscious, purposeful, -
subvocal\repetigion of the items to be retained. " (Reitman,
'1971,40.186)). Rehearsal allows the processing of the item to
continue into the interval following stimulus presentation so
+hat the distinction between presentation interval and blank
tize following presentation is unimportant for verbal iteams and

only total time is important.

Shaffer and Shiffrin (1972)'conducted an experiment in
which they varied both presentation interval and blank time in
"an attempt to determine the effects of both on retention of
coapléex pictures. They found that rétention increased with
increases in presentation interval butrincreases in blank time

had no effect on retenton. Shaffer and Shiffrin concluded:

" "At the very least, there can be no analog of vertal
rehearsal in the visual memory system that canm be applied to

’aederatelv complex wisnal stimuli. If there were rehearsal



occurring, longer blank times would hglgllgilgg better
Derforlagce. Similarly, we can conclude that no additiocnall
encoding or other transfer to long term storage is going on in
+he wvisual short+ teras memory during fhe.blank time. (p.295)n

’

These results would seem to indicate.t;:I\COlplex
pictures are processed diferently from verbal items. However,
these findings are not dnchallenqed. Weaver (1974) and
Tversky and Sher;an ({1975) have reported data which does not
support that of Shaffer and Shiffrin (1972). They found that

increases in blank time led to increases in retention fer

coaplex pictures just as with verbal iteams.

In the neuropsycholecgical literature there is alse
contrary evideﬁce which is particularly interesting. In her
study on the effects of unilateral lobectomies on recognition
mexory for human faces Milner (1968) reported that ncramal
sdbﬁects ruﬁ as controls recognized more faces after a 90
second unfilled retention interval than on immediate
recognition. This finding is particularly interesting because
‘subfects with right temporal lobe€tomies did not exhibit the
same effect. There was no differénce between their scores at 0

and 90 second retention intervals, although their scores at

both intervals were lower than those of normal subiects.
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wilner cog;luggd'that subiects with ;idht temporal Iobectomies

differ f{om’controls "in not profiting from the interpolated

2

delavy.m {6.203). Although she did Hét speculate as to the

mechanism involved in imbroving the memcry of normal subjects, |

sh2 concluded, "WRhatever the mechanism, patients with right
teaporal lobe lesions seem to be defective in this regqard,
suggesting that their major trouble is mnemonic rather than

perceptual® (p. 204).

* -

'Tﬁe conclusicg that right temporal lobé lesions produce
memory deficit .in Milner's task is important because other
inv;stiqatéré ;sind slightly different fasks (Benton and Van
allen, 1968:; DeRenzi, Faglioni and Spinnler, 1968) have
concluded that the deficit is a perceptual one with no memory
coaponent. Tn his experiment using laterally presented faces
Hilliard (1973) introduced a 10 second retention interval
specifically hecause of Milner's results. He found that the
retantion int;?wal'had no effect on recognition scores but
pointed out that it was considerably shorter than Milner's 90

second interval. -
Milner's (1968) findings, then, have a twofold
importance. They are important because of their implications

! ’ ~ .
for the recle of the right hemisphere in the memory of human

i

/



12

faces, and they are also important bacause of their
implications for the affect of poststimulus proccessing time on

recogqnition memory for complex visual stimuli.

The 4 ~xperiments reported here investigate the control
processes available during the blank time following stimulus
presentation when the to be rememhered (TBR) items are complex visual
The first 2 exveriments were an attempt +o repmlicate Milner's
finding of increased recoqnition scores during a 90 second
unfilled retantion interval, and the third and fourth
experiments investigated subiects ability to maintain such

stinuli in STM.

EXPERIMENT T

METHOD

Subjects~- The subiects were 40 male and 40 female

students enrolled in introductory Psychology classes at the

Iniversity of Washington. The subijects were selected from a

subject pool and participated for course credit.

Materials and Procedure- subijects viewed slides of B8

faces and attempted to select these faces from a recognition
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set of 40 faces arranged in a 5¥8 matrix. The faces were
selected from a college yearbook and were chosen to minimize
distinquisinag characteristics such as beards, glasses, etc.

The stimuli were the same as used by Gilbert (1974). Fach subiect
was tested on U4 sets of 8 faces, 2 male sets and 2 female sets.
The stimuli were presented in the order male-female-male-female
for all subjects. The presentation time for all TBR items was
25 seconds and the retention interval was either 0 or 90
seconds, and was blocked and the blocks counterbalanced within
subjects so that half of the subjects saw the first two sets at
the 90 second interval and half saw the last two sets at the 90
second interval. Responses were recorded on an answer cheet
which consisted of 4 SXB matrices, one matrix for each set of
faces. FRach recognition set was a 5¥8 array of faces and
subiects vere instructed to mark an X in each square of the
matrix that corresponded to a face in the array vwhich they
remembered from the tes* set., Subijects were instructed to make
8 responses and to take as long as necessary to make their
choices. The 90 second retention interval was unfilled and
subjects were instructed to do whatever they could to keep from

forqettinq the faces during the interval.

RESULTS

The results wvwere anralvzed using a 2X2X2 analysis of

variance (ANOVA), wi+h delavy and sex-of-face as within subiect

I variables and Sex-of-subject a Letween subiects variable.
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The only main effect which was significant (p<=.05) was
the effect for sex-of-face, F(1,78)=54.53, p<.001; indicating
that the male faces were recoqnized correctly more often thaﬁ
tha female faces. The main effect for delay was not significant,

F(1,78)=0.13, p>.25.

The sex-cof-subiject X sex-of-face interaction was the only
significant interaction, ¥ (1,78)=9,39, p<.005. This

interaction is plotted in Fiqure 1.
The cell means are shown in Table 1.

TABLE 1

Mean number of faces correctly recoqnized in experiment I

S VA PP o o e s e o o yn e W A s P | Ty ok S I "9 .. AR A A A . b S0 i, Ty W 2 b, e S o S

DELAY NO DELAY
4,73 4.75

MALF SUBJECTS FEMALE SUBJECTS
4.53 4.94

MALE FACES FEMALE FACES

5.08 4.40
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FIGURE 1
Mean correct recognitions for Female and Male subdjects on

Female and Male faces in experiment T
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DISCNSSION

The data from this experiment indicate that recoqnitioﬁ/
AN
did not imprnve during the 90 second retention interval. These
results do not agree with those of Milner (1968). However,

there are several differences between this exneriment and Yers .

which may account for this discrepancy.

Milner's test consisted of presenting subfjects with 12
faces to be recogqnized from 25 in contrast to 8 from U0 in the
prasent experiment. It is possible that 12 faces are more
difficult to remember, particularly since 12 is beyond the
"magic numher” of 7 plus or minus 2 (Miller, 1956) but 8 is
within this range. Milner used a between subijects desiqn and
the present experiment was a within subijects design. The male
and female faces were intermixed in Milner's study and in the
present study they were separated into male and female sets.
Because of these differences it is impossible to draw any firm
conclusions from this experiment except that the delay effect

is apparently not vervy robust.

The sex-of-subiject X sex-of-face interaction indicates

that female sulbtijects recoqnize more female faces than male
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subiects, bu* males and females don'+ differ on the number of
male faces they recognize, This finding has been reported ty
other investigators (Cross, Cross and Daly, 1971; paskarak and

Yarmey, 1974) .

The second exreriment was conducted to determine if the
delay effect could be replicated when the experimantal
conditions were almost identical to those of Milner's
experiment. The stimulj (a set of faces found in Munn, 2nd
edition pp.212 and 608), time intervals, and exverimental
procedures were as similar to Milner's as seemed reasonably

possible.

EXPERIMENT II

METHGD

Subiects- Subdects were 40 male and 40 female students

enrolled in psvcholoqgqy classes at Simon Fraser 'Iniversity who

volunteered to participate and were paid £1.00.

Materials and procedure- Each subiect viewed a slide of

12 faces (6 male and 6 female) and attempted to select these

faces from a recognition set of 25. The presentation time for
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all test stimuli was 45 seconds, the retention interval was 0
seconds for half of the subfjects and 90 seconds for the other
half. Subjects were seated inside a sound proof hooth and the
pictures wer~ prnijected on a rear projection screen. The faces
were proiectad so that each face in the tc be remembered (TBR)
set measured 1 1/4 inches by 1 1/2 inches and each face in the
recognition set measured 1 inch by 1 1/4 inches. Subiects
resnonses were recorded on a 5X5 matrix located on a table in
front of the rear projection screen. The recognition set was a
5X5 array and subijects were instructed tc rlace a marker on
each square in the matrix which corresponded to a face in the
array which thev remembered from the TBR set, Subjects were
provided with 12 markers and were instructed to use them all
and to take as long as necessarvy to make their choices. The 90
second interval was unfilled and subijects were instructed to do

whatever they could tr keep from forgetting the faces.

RESULTS

The results of experiment IT were analyzed using a 2X2X2

ANOVA with delay and sex-of-subiject as between subqfects

variables and sex-of-face a within suhijects variable.
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Significantly more female than male faces vwere recoqnized
correctly, ¥(1,76Y=28.83, p<.001, apparently the female faces
were easier to remembher in this set whereas the male faces wvere
easier in th~ set used in experiment Y. Female subiects
recognized siagnificantly more faces than male
subiects,F({1,76)=11.69, p<.005. The main effact for delay was

&

not significant, ¥(1,76)Y=.05, p>.25.

The only interaction which was significant was the
sex-nf-subhiject ¥ sex~nf-face interaction, F(1,76)=5.69, p<.025.

This interaction is plotted in Fiqure 2.

The cell means are shown in Table 2.

TABLE 2

Mean number of faces cerrectly recognized in experiment 1T

. T T T e Tt e ———

e i o — e in ey s o e A 1 "3 5 o e . . Yoy A 30 e AR 50 o i o e S 1y AT 2 A . 1 . o . o el R sy

DELAY NN DELAY
5.27 5.23
MALE SUBJECTS FEMALE STYIBJECTS
5.05 S.u4
MALF FACES FFMALE FACES

— © i e e o i e S e e e+ 2ok 1 0 S o el T . o O e -2 o e e e e . < . g o e ot et SR o o e S AU S, ot i
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FIGURE 2
Mean correct recognitions for Female and Male sub-dects on

Female and Male faces in experiment II
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DISCUSSION

The results of this experiment also failed to replicate
those of Milner (1968). There were no significart differences
between subjects scores at 0 and 90 second retention intervals.
When the results from this experiment are combined with those
of experiment T they offer strong evidence that normal subiects
do not effectively improve their memory for faces during an

unfilled retention interval.

These results are consistent with those of Shaffer and
Shiffrin (1972). sShaffer and Shiffrin concluded that complex
visual stimuli can not bhe rehearsed and consequently are not
processed during the blank time following stimulus
presentation. Thus, the results of experiments I and IY
support Shaffer and Shiffrin's results for this particular
class of comnlex visval stimuli. subjects were apparently
unable to improve their memory during the blank time despite
the fact that they were instructed to do whatever they could to
remember the faces. In fact, subiects reported that they vere
unable to pnractice or rehearse the faces at all during the

blank time.
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Tf it is true that subhjects do not rehearse cosplex
visual stimuli such as faces, then the ccntrol proceses
available for such stimuli may be different from the control
processes available for verbal stimuli. Numerous investigators
have demonstrated the importance of rehearsal in memory for
verbal stimuli (e.g. Rundus, 1971; Shiffrin, 1973) and
rehearsal plays an important role in most dual process models
of memory (i.e. Atkinson and Shiffrin,1968; Glanzer and

Cunitz,1966; Waugqh and Norman,1965).

Shaffer and Shiffrin (1972) concluded that subjects coulad
not rehearse complex pictures because longer rehearsal times
did not lead to the transfer of more information to lona term
memory {(LTM). Hovwever, recent experimenters have questioned
whather more rehearsal neccessarily means more transfer to LTM
(Jacoby, 1973; Jacoby and Bartz, 1972; Modigliani and Seamon,
1974 : Roenker, 1974;). Thus, the finding that more
information was not transferred to LTM doces not necessarily
mean that subiects were not rehearsing during the blank time.
A better wav to measure subjects ability to rehearse complex
pictures might be to use a paradiagm which requires them to

maintain such information in STHM.
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Brown (1958) and vPeterson and Peterson (1959) wvere able
to demonstrate forgetting over retention intervals of from 3 to
18 seconds by requiring subiects to count backwvards by threes
Auring the retention interval. These results were interpreted
as indicating that cecunting backwards prevented the subjects
from rehearsing the T™BR items and withcu+ rehearsal thevy were
unable to maintain these items in STM. If no distractor is
us2d to prevent rehearsal, there is no forgetting from STHM
{foaunier, Ritz, and Meunier, 1972; Modigliani and Seamon,

1974y .

Keppel and Undervwood (1962) demonstrated that the
forgetting in a Brown-Peterson task takes place across the
first few trials and is at least in part the result of
proactive inhibtion {PI). On the first trial there is little
or no forqgetting regardless of the length of the retention
interval, but there is a systematic decrease in retenticen on
subsequent trials until it reaches asymptote on trial 4 or 5.
Wickens, Born and Allen ({1963) have shown that after retention
decreases, there is a subseguent increase if +*+he TBR items are
changed from letters to digits or vice versa. They termed this
increase in level of retention a "release" of proactive

inhibition (see Wickens, 1970 for a review).
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Tt is clear from these studies that forgettina in STM is
determined by both the length of the retention interval and the
nuaber of preceding trials. TIf number of preceding trials is
held constant, retention decreases with increases in retention
interval. TIf, on the other hand, retention interval is held
constant, retention decreases with increases in number of
preceding trials. TForgetting does not cccur in either of these

situations unless subjects are prevented from rehearsing.

If subijects can nct rehearse complex pictures, there
should he forgetting in STM without the use of a distractor to
prevent rehearsal. Cermak (1971) presented subjects with
computer generated free form stimuli which were highly similar
and differed along dimensions which were difficul+ to
verbalize, His data show a steady decrease in correct
recognitions as retention interval increases. The shape of his
forgetting functions is strikingly similar to that of Peterson
and Peterson (1959) for esquivalent intervals bhut Cermak's
sxperiment 4id not involve the use of a distractor. Althouagh
Cermak did not comment on this aspect of his data, it can be
interpreted as evidence that suhbjects were unable to maintain
these stimuli in STM despite the fact that they were free to
rehearse them. If this interpretation is accurate, complex

pictures should also show a significant buildup and release of
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PT in a Brown-Peterson STM task without the use of a distractor
to prevent rehearsal. Tf subjects can not rehearse the stimuli
thare should he a steady decrease in retention as number of
praceding trials increases fust as there is when subijects are
pravented from rehearsing verbal items. The third experiment

was desiqgned to test *his hypothesis.

EXPERTIMENT TTY

METHOD

Subdects- subijects were 60 male and 60 female volunteers
who participated in the experiment as part of a University Open
House. They were solicited bv a sign which read "Test vour

memory for faces".

Materials and procedure- a kodak slide prodector was
coupled with a Gerbrands electronic shutter for stimulus
presentation. The temporal parameters and seguences were
controlled by Grason-Stadler timers and relays. All equipment
vwas located outside a soundproof bhooth. The stimuli were
proiected through a window into the booth and warning lights

were patched into the booth.
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The s*imuli were pictures of human faces selected from a
university yerarhook and were chcsen to minimize distinguishing
characteristics such as beards, glasses, unusal hairstvles,
2+c. The faces were sorted into 10 arrays of 12 faces each to
form the recngnition sets. Five of the recognition sets were
" all male faces and five were all female faces. From each . f
recognition set 3 faces were selected randomly to bhe used as
the TBR items. The recoagnition sets and the T™BR items were
photogqraphed onto 35mm slide film. The TBR items were arranged
in a rov horizontally. The recognition sets {including the 3
TRR items and 9 foils) were arranged into a 4X3 array with a
nunber under each face. The subjects task was to select the
TBR items from the 12 faces in the recognition set. The order
nf presentation was counterbalanced so that each set of faces

appeared equally often on each trial.

All subdects received five Brown-Peterson trials. A
trial consisted of: a five second warning sigqral (a green
light); a five second presentation of the TBR items; a 20
second unfilled retention interval; and a 20 second recognition
pariod (signalled by a red light) during which the recognition
set was proijected and the subject wrote down *he numbers of the faces
which he recngnized as the TBR items. The warning and

recognition period lights were located in front of the S. The
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offset of each trial was immediately follcwed by the onset of

the next trial.

The subiects were assigned to one of 4 groups. Each
group was comprised of 15 pmales and 15 ferales. There were 2
control groups and 2 experimental groups. One control qroup
saw triads of male faces for all five trials and the other
control group saw triads of female faces for all five trials In
the experimental conditions, one group sawvw 4 trials of male
faces and switched to female faces on trial 5, and the cther
aroup sav 4 trials of female faces and switched to male faces

on trial S.

RESULTS

Responses were scored by aiving one point for each
correctly recognized face and one additional point if all 3
faces wvere in the correct order {Wickens, Rorn and Allen,

1963).

The effects of sex-of-subiect, sex-of-face,
axperimental-control conditions and the four trials prior to

the shift were analvzed by an ANOVA. The only significant
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effect was that of trials, F(3,336)=16.22, p<.001, indicating a
buildup of PT., The means for trials 1, 2, 3, and 4 were 2.53,

2.%1, 1.94, and 1.80 respectively,.

A separate ANOVA was carried out to assess the effects of
sex-of-subject, sex-of-face, and experimental-control
conditions on trial 5. The only significant result was the
main effect for experimental-control conditions, FP(1,112)=5.065,
p<.05. O©On the fifth trial the mean for the experimental groups
was higher t+han the mean for the control groups, indicating a
release of proactive inhitition. The mean for the experimental
group was 2.25 and the mean for controls was 1.81., The results

are plotted in Fiqure 3.
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FIGURE 3
Percent correct across trials for experimental and control

subjects in experiment TIII
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DISCUSSINN

The results of experiment TIT support the hypothesis that
subdects do not effectively rehearse pictures of human faces.
There is a significant decrement in retention across trials
despite the fact that the retention interval was unfilled. 1If
subjects were rehearsing the faces, they should have heen able
to maintain them in STM during the retention interval and there

would have been no bhuildup of PTI.

Although these results seem to indicate that subjects do
not effectively rehearse pictures of human faces, it is not
clear whether they do not rehearse them at all or just rehearse
them less effectively. Tt is possihle that subijects do
rehearse the faces but find i+ very difficult and less
effective than rehearsing verbal stimuli. Experiment IV was

designed to clarify this question.

ITf subjects rehearse the faces at all, filling the
retention interval with a distractor task should eliminate this
rehearsal and retention should be lower than wi+h no

distractor. Tf, on the other hand, subiects do not rehearse
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tha faces at all, there should he no difference hetween the

distractor and no distractor conditions.

EXPERIMENT IV

METHODS

Subfects- The subijects were 60 male and 60 female
students at Simon F¥Fraser Tiniversity whe volunteered to

participate and were paid $1.00.

Materials and Prncedure- The prcocedure for +his
experiment was identical to that of experiment TTI except that
the retention interval in this experiment was filled with an
intervening activity. An additional kodak slide prodjector was
coupled with a Gertrands electronic timer %o present the
intervening activity. An electronic metronome was also patched
into the booth, TImmediately following the offset of the
presentation interval a 3 digit numbher was projected into the
booth for 3 seconds and the metronome began ticking. Subiects
vere instructed to read the number aloud and count backwards
from the number by threes, one digit with each tick of the
metronome. The metronome was set at 3 beats per second and
subjects vwere given practice at counting before the experiment
begqan. The countinag was monitored by *the experimenter through

an intercon.
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RESULTS

Responses were scored as in experiment ITI, one point

for each correct response and one point fc¢r correct order.

The effects of sex-of-subiect, sex-of-face,
experimental-control conditions, and the four trials prior to
the shift were analvzed by an analysis of variance. The only
significant effect was that cf trials, F(3,336)=7.30, p<.01,
indicating a buildup of PY. The means for trials 1, 2, 3, and

4 were 2.39, 1.985, 1.98, and 1.98 respectively.

A separate analysis of variance was carried out to assess
the effects of sex-of-subject, sex-of-face, and
experimental-control conditions on trial 5. The main effect
for experimental-control conditions was significant,
P{1,112)=5.46, p<.025, indicating a release of proactive
inhibition for the exverimental group. The mean for the
experimental group vwas 2.10 and the mean for the control group
was 1.70. The results are plotted in fiqure 4. The main
effect for sex-of-face was also significant, indicating that on
trial 5 the male faces were recoqnized correctly more often
then the female faces. The mean for male faces was 2,15 and
for female faces 1.65. There were nn other significant

effects.
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FIGURE 4
percent correct across trials for experimental and control

subdjects in experiment 1V
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It would bhe of interest to compare the results in
exoorimants ITT and TV to assess the relative effects of
distraction versus no distraction. Unfortunately, the suhiect
populations in the two experiments were different. Thus,
experiments (i.e. distraction versus no distraction) is
confounded with subdect populatinns. Nevertheless, an ANOVA on
experiment ITY and experirent IV combined , with experiment TII
versus experiment IV as a factor, revealed that neither the
main effects, ncr any of the interaction effects asscciated with
exper iments anproached significance. With regqard to the first
4 trials, there was only one significant effect in the combined

analysis, that of trials.

With regqard to the fifth trial, a separate ANOVA on
experiment ITI and experiment IV combined again revealed no
significant =ffects or interactions associated with
experiments. There was one significant main effect, the main
effect for experimental-control conditions which indicates that
there was a release of PT, The combined results of experiments

ITT and IV are plotted in Fiqure 5.



FIGURE 5

percent correct across trials for experiments III and IV

39



% CORRECT

N

801

70

60 -

40

1

No Distractor
Verbal Distractor

=

40

1
2

TRIALS

3



41

DTYSCUSION

The results cf experiment TV seem to indicate that
subjects do not rehearse the faces at all. There were no
significant differences between experiment ITI, which had
unfilled retention intervals, and experiment TV, which had
retention intervals filled with counting backwards. TIf
subjects were rehearsinag the faces, the intervening activity
should have prevented the rehearsal or at least decreased it.
A decrease in rehearsal would have caused a drop in the level
of retention for experiment TV, but such a drop in retention
vas not evidenced by the data. It appears as if subdjects do
not rehearse pictures of human faces and hence are unable to

counteract the effects of the buildup of proactive inhibition.

CONCLUSIONS

Milner's (1968) crucial finding was that normal subiects
improved their memory for faces over an unfilled 90 second
interval whereas subjects with right temporal lobectomies did
not. She concluded that the effect of a right hemisphere

lesion was to disrupt the mechanism which made it possible for
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normal subhjects to improve their memory. However, experiments
T and IT in +he vresent study failed to replicate Milner's
results with respect to normal subijects, since the present
subjects did not improve their memory over an unfilled 90
second interval, Thus, right hemisphere lesions cannot
"disrupt”" a memory mechanism supposedly present in normal
subiects since, in fact, the latter do not seem tn have, or at
least use,that mechanism in the first place. This conclusion
is also suppnrted by lLaugheryv,et.al. (1974) whn presented
evidence to *he effect that normal subdects did not improve
their memory for faces during relatively long retention
intervals. That is, they found no significant differences in
retention for faces at* unfilled intervals of 4 minutes, 30

minutes, 4 hours, 1 day and 7 davys.

On a rolated line, DeRenzi, Faaglioni and Spinnler (1968)
found that an immediate recognition test and a delaved
recognition test 4did not differ in their rower of
discriminating between subjects with right or left hemisprere
damage. They arqued that the delaved test should have been a
more powerful measure if right hemisvhere damagqe disrupted
memory processing in particular. Also, Benton and VanAllen
{1968) demonstrated that right hemisphere damage caused

deficits on a task which involved matching a +test face against
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a set of 6 faces when all the faces were available for

inspection.

The most parsimonious interpretation of all the atove
data is that right hemisphere damage leads to a general deficit
in matching faces, wvhether the memory test is immediate or
delayed. 1In different t+erms, and in accerd with Milner's
findings with resnect to subdjects with right temporal
lobectomies, there is no evidence to indicate that the deficit
is relatively more Dronounced for immediate as compared to
delayed tests. As implied by the foregoing , it is important
to note that all of the tasks mentioned ahove involve a memory
component., (Even matching faces involves remembering the test
face during the interval that fixation shifts from it to the

recoqnition set.)

In sum the following conclusions seem warranted: (a)
normal subjects do not improve their memory for faces over
unfilled retention intervals of 90 seconds and probably more;
and (h) right hemisphere lesions lead to a generalized deficit
in mehorv for faces, whether the memory test is delayed or

immediate.
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Tn both experiments T and IT there was a significant
sex-of-subject X sex-of-face interaction. This is an
interesting if somewhat puzzling result. The data show that
female subjects reccqgnize more female faces than male subiects
do, but male and female sulijects recognize equal numbers of
male faces. Leckart, Keeling and Bakan (1966) reported that
female subjects spent more time looking at pictures of females,
whereas males showed no preferences for male or female

pictures.

Tf females looked at the female faces longer, this could
explain the significant interaction for experiment IY where the
male and female faces were intermixed. Tt doesn't explain the
results of experiment T however, because in experiment I male
and female faces were presented separately. Considering the
similarity of the results from the two experiments, it would be
more parsimonious to seek an explanation which handles both

exper iments.

One possible explanation is that women can differentiate
various hairstyles and give them verbal labels. These labels
can then be used to heln recognize the correct faces. Men are
probably less adept at lateling hairstvles and consequently

wouldn't te able to use this strateqy as successfully as women,
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Many of the female subjects remarked that thev found the
vomen's faces easier because their hairstyles were different
but the men all looked the same. As the pictures used in
experiments T and IT vere fairly old, the men's hairstyles were
all short and similar. It is also interesting to note that in
experiments TIT and IV the hair was trimmed from the pictures

and no sex-of-subdect X sex-of-face interaction was found.

This is all pecst hoc reasoning, howvever, and only further
experimentation can offer a gqood explanation for these

findings.

Normal subjects usually rehearse verbal materials during
an unfilled retention interval and Milner's results suqgested
that such rehearsal mayvy have been used by the normal subijects
in her study *to improve their memory over the 90 seccnd
interval. Experments ITY and IV offer evidence that these
complex visual stimuli are in fact not rehearsed. Experiment
'ITI demonstrated that subjects vere unable to maintain rpictures
of human faces in STM during an unfilled retention interval.
In STM exveriments using verbal materials subiects are able to
rehearse during an unfilled retention interval and this
rehearsal counteracts the effects of proactive inhibiticn so

that reténtion under these conditions is uniformly hiqh and



u6

independent ~f trial number (Meunier, Ritz and Meunier, 1972;
Modiigliani and Seamon, 1974). Since in experiment TIY

retention interval was unfilled the subijects were free to -,

W

rehearse the faces if they could and were in fact encouraq@d to
do so. Despite this, memorvy decreased over trials, that is, '
there was a siagnificant buildup of proactive inhibition.
Morever, there was also release of proactive inhibition on
trial S when the sex nf the stimuli was changed. Therefore,
this experiment provides strong evidence that subjects do not
effectively rehearse complex visual stimuli. TIf it is assumed
that the subiject populations in experiments ITYI and TV did not
differ in their ability to perform *+his task, (an assuaption
receiving some support in light of the fact that there were no
significant effects associated with experiments in the combined
analvsis), then experiment IV strengthens the previous arqument
by demonstrating that there is no difference in retention
vhether an unfilled retention interval is used or an interval
filled with a verbal distractor task. Tf subiects were able to
rehearse the faces at all, the distractor should have prevented
this rehearsal and caused a decrease in retention relative to
the unfilled interval condition. PFurther research in which the

effect of distractor task is investigated within a single

axperiment is necessary to confirm this point.
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At *+hi= point a discussion of the definition of rehearsal
seams aopropriate, TRehearsal has so far heen considered a
strictly verbal nrocess and the conclusion that subjects do not
rehearse the stimuli is essentially the same as concluding that
tkey do not verbalize them, 0One could arque that rehearsal is
modality specific and that a distractor is only effective in
preventing rehearsal if it involves processing information in

the same modality as the TBR items.

This pnssibility, however, is not well supported by the
data. Even if one arques that the faces are rehearsed
visually, Experiment TT7T7T demonstrates that this type of
rehearsal is apparently not verv effective in preventing the
buildup of proactive inhitition. Whether rehearsal is defined
as a verbal process, or a process which is possible in all
modalities, one of its functions is to maintain information in
ST¥. Chanaging the definition of reh=arsal Adoes not alter the
finding in thié study and in Cermak's (1971) that subijects were
anpparently unable toc maintain complex visual stimuli in STHM.
This inabili*y to maintain items in STM™ indicates that the
control process of rehearsal may not he available for complex

visual stimuli.
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"'ntil recently, many memory theorists restricted short
term storage to an audi*ory-vertal-linquistic process (e.qg.
Crowder and ¥orton, 1969:; Laugherv, 1969; Sperling, 1967). As
Postman has commented, "The origin of this somewhat
counterintui+rive hypothesis can he traced in the first instance
to the identification of STS as a holding mechanism in which
information is maintained through rehearsal. 1In order to be
rehearsed, visual input has to be recoded into an auditory
form." (p.296,1975). The finding that subijects do not seem
able to rehearse complex pictures suggests that they were

stored visually and not recoded into an auditory form.

NDther investigators have also arqued for the existence of
visual codes in STM. Posner and Mitchell (1967) have
investigated how subdjects decide if two letters are identical.
Nsing a same-different reaction time task they found that
responses were significantly faster when the stimuli were
nhysically identical (e.g. AA) than when they shared the same
name but were printed in different cases (e.q. Aka). They
arqued that physical matches are made by comparing the visual
representations of the letters, and name matches are made by
comparing the verhal labels attached tc the visual
representations. The name matches take longer because the

stimuli must be recodrd verbally before they are compared.
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Posner (1969) found that this visual representation could be
maintained for about 2 seconds. Sternberqg (1967) has also
sutqgested that scanning short term memory involves comparing
visual representations. He arqued that the speed of the
comparisons (approximately 35 milliseconds per comparison) is
too fast for the comparisons to he made verbally. And from his
experiment using computer generated shapes, Cermak concluded
that "nonverhal representations of visual information can be
remembered for periods spanning what is often thought of as the

extent of short term memory." (p.210).

Neal Kroll, Stanley Parkinson and there associates have
reported a series of exveriments in which the subjects are
engaged in shadowing aurally presentad letters while trving to
remenber a single letter that is presented either aurally or
visually (see Kroll, 1976 for a review). TIf the visual letter
is recoded into a verbhal form, the two types of presentation
should be equivalent. After 10-20 seconds of shadowing,
howaver, retention of the visual letter is superior to that of
the aural letter. If the shadowed material is phonemically
similar *o the target letter, retention of the target letter is
lowered when it is presented aurally but not when it is
presented visually. These results are interpreted as

indicating that the visual input is not recoded into a verbal
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format. Parkinson (1972) has also shown that the recency
affect of a serial position curve for visually presented
letters is unaffected by 20 seconds of interpolated shadowing.
With aural presentation, the recency effect is eliminated by an
interpolated delay. Hines (197%) found the recency effect for

random shapes similarly unaffected by interpnlated activity.

Tt appears that infeormation in STM can he represented
visually in certain experimental situaticns. If the subiect is
asked tec make a comparison as quickly as possible (Posner,
1967; Sternbaerqg, 1967), if verbal coding is Aifficult or
disadvantagenus (¥roll, Parkinson, et. al., 1972), or if the
stimuli are not easily verbalized (Cermak,1971; Hines, 1975)
the representation is likely to he visual. Recent theoretical
formulaticn, recognize this (eg. ¥latzky, 1975; Murdock, 1974)
and no longer consider it necessary for information to be

recoded into a vertal form in STHM.

The evidence for visual representations is fairly
convincing ({see for example Postman's analysis, 1975). Although
the present research does not have direct implications for the
differential processing of the cerebral hemispheres, the
perspective of the research is that information in STM can be

represented visually and visual representations are prohably
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stored in the right hemisphere. Geffen, Bradshaw and Nettleton
(1972) have found tha+t reaction times in a Posner matching task
are affected by the visual field in which the probe is
presented. Physical ma tches are faster in the left visual
field and name matches are faster in the right visual field.
This indicat=s that if the subiect compares the visual
representation the comparison takes place in the right
hemisphere. 0On the cother hand, if the subjec* compares the
verhal labels of the letters the comparison takes place in the
left hemisphare., Klatzky and Atkinson (1971) have presented
similar data from the Sternherqg paradigm. They found that
reaction times were faster when the probes were presented in
the left visual field unless the probe had to be verbally
encoded. TIf the probhe had to be verbally encoded the reaction
times were faster in the right visual field. These data also
indicate that the visual representation is probably stored in
+he riqht hemisphere. The results of D=2e and Fontenot (1973)
using nonsense figqures have already been discussed. Their
finding cof higher recognition for figures presented in the left
visual field implies +ha*t their fiqures and probhahly those of
Cermak (1971 and Hines (1975) are stored in the right
hemisphere. There is no evidence yet tn indicate that stimuli
encoded while shadowing are stored in the right hemisphere. If

the present speculation is correct, however, one would have to
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predict that reaction times to such s+timuli would be faster

when they were presented in the left visual field.

The evidence to date is certainly suggestive that visu al
representations in ST are stored in the riqht hemisphere and
verbal representations are stored in the left hemisphere. The
results of experiments TIT and IV add further support to this
contention since there is much evidence to indicate that human
faces are stored in the right hemisphers {(Benton and VanAllen,
1968: NDeRenz? and Spinnler, 1966; DeRenzi Paqlioni and

Spinnler, 1968; Warrington and James, 1967; Yin, 1968).

Tnterpreting the verbal-visual difference as a
hemispheric differences results in a subhtle but potentially
important change in perspective., From the perspective of the
functional asyammetry of the hemispheres the distinction might
be better thougqht of as a verbal-nonverbal one rather than a
verhal-visual one., Visual information can be represented in
the left hemisphere if it can be verbalized and verbal
information can be represented in the right hemisphere if the
subject is prevented from verbalizing it. The important
Aimension becomes the way in which the information is encoded

and not the input modality.
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The apparent inability *o maintain nonverbal information
in STM differentiates this +type of information from verthal
information., At the same time, forgetting functions obtained
for nonverbal items across trials (experiment TIT and IV) and
Aacross retention intervals (Cermak, 1971) are almost identical
in shape to those obtained for verbhal items (Wickens, Born and
Allen, 1963; Peterson and Peterson, 1959). Thus, while
rehearsal, as a control process, may not be available to
process difficult-to~verbalize information, the similarity of
the forgetting functions across visual and verbal materials
implies that the basic mechanisms of forgetting are probhably

the same for both types of information.

Watkins, Watkins, Craik and Mazuryk (1973) have arqued
that 2 aspec*s cof a distracter task influence forgetting, the
difficulty of the task and the similarity of the task to the
TRR items. The difficluty of the task causes forgetting by
diverting at*tention from the TBR items, and the similarity of
the task causes retrieval problems by making it more difficult
to discriminate between memory items and distractor itenms.
Yuille and Ternes (1975) alsc concluded +that both attention and
similarity are important in determining the effect of a

distractor on short term retention, They used verbal and
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visual TRR i+tems and verbal and visual distractors with varying
attentional demands. They fcund that the visual distractor had
more effect on visual retention than the verbal distractor and

vice versa. Thev also found that increased attentional demands

led to decreases in retention for both visual and verbal itenms.

The results of experiments ITI and TV are consistent with
those of Yuille and Ternes except that while these authors
found that counting backwards caused a decrement in visual
retention, in the present experiments there was no decrement.
This difference is most likely attributable to the difference
between the visual stimuli used in the 2 studies. Their
stimuli consisted of changing the positions of black and white
squares in a 4¥4 matrix and it is possible that suhjects were
able to verbalize some aspects of the stimuli. . The deqree to
which the verbal distractcr lowered retention may be an
indication of the degree to which subjects verbalized the

stimuli.

To the extent that the subject populations in experiment
ITT and experiment IV were comparable (see also pag. 38 and 46),
the present results extend those of Yuille and Ternes with
reqards to the similarity of TBP items and distractor task.

When the TBR items are nonverbal and the distractor is verbal,
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diverting at+*ention is apparently not sufficient to lower
retention, The attenticrnal demands of counting backwards by
threes (experiment IV) certainly seem qreater than those of
dcing nething (exveriment ITI) but reccagnition scores were not
significantly different for the 2 experiments. Further
rescearch removing the confounding effects of subiject+ population
across experiments TYT and IV, as well as comparing directlyv
the visual stimuli used by Yuille and Ternes and those used in
the present research is necessary to clarify the differences in

the two studies.
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APPENDTX A
ANOVA TABLFES FOP EXPERTMENTS T, 1T, ITI, AND TV

STIMMARY TABTE OF ANOVA FOR EXPERIMENT I

EFFECT F df ST QF SOUARES

nelay 0.0456 1,76 . 0250

Sex-nf-suhi. 11.6783 1/76 6.4000 p< . 005
Sex-nf-face 28,8269 1/76 18.2249 p<.001
Nelay X

Sax-of-subi 1.6423 1/76 .8999
Nelavy X

Sex-of-face 1.9376 1/76 1.2249
Sex-of-subi. X

Sex-of-face S.69472 1/76 3.5999 p<.025
Subdiects 41,6497
Delay X

Sex-of-subi. ¥

Sax-of-face 1.4326 1/76 .9000

Subhdiects X

Sax-of-face 48.0488
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SUMMARY TABTE OF ANOVA FOR EXPRRTIMENT TT

RFFECT F

Nelay h 0.1295
Sex-of-subiject 6047
Sex-nf-face 54.5320

Suhdects

Sex~-of-subd. ¥

Nalay 0.3198
Sex-of-face X

Dalay 0.2212
Sex-of-subi.X
Sex-of~-face 9,.3902
Subhij. X

Dalay

Subdi. X

Faces

Delay X

Sax X

Faces 0.2213
subd. X

Delay X

Faces

af

1,78

1/78
1/78

1/78
1/78

1778

1/78

'SUUM OF SQMARES

v e m —mn  wm b te & o e or ——— 2 s o — - —— o — —— —

. 1531
11.6281
67. 5281 p<.001
251.6170
.3781
.2531
11.6281 p<.005
92,2148

9¢€.5891
.25

89.2341



SUMMARY TABLE OF ANOVA FOR

¥

RFFECT

Sex-of-face .0130
Fxperimental-

Control . 1168
Sex-of-subi. 1.5708
Trials 16.2207?
Faces X

Fxperimental 2.19309
Faces X

Sex 0707
Sex X

Fxperimental .0707
Faces X

Trials . 1440
®»xperimental X

Trials .0071
Sex X

Trials 1.6379
Faces X

Fxperimental X

Sax 1.7670
Faces X

Fxperimental X
Trials 4190
Faces X

Sex X

Trials .5379
Rxperimental X

S2ax X

Trials .N325
Subiects
Faces X

Rxperimental X

Sex X

Trials 1.0359

Subdjects X
rrials

df

1,136

1/336
1/336
3/336

1/336

17336

1/336

3/216

3/336

3/336

1/336

3/336

3/336

3/336

3/336

EXPFRIMENT ITT

SUM OF SOUARFS
TTT.0187
.1687

2.2687
36,3729

p<.001
3.1687
.1020
. 1020
. 3229
.1728

1.6729
2.5520
. 9396
1.2062

.0729
161.7644

2.3229

251.1531

69
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STYMMARY TABLE OF ANNVA FOR EXPERTMENT IV

EFFECT F
Sex-of-face 3. ugu8
Fxperimental-
Control .9071
Sex-of-subi. 1.5806
Trials 7.3029
Faces X

Experimental 0.819%
Faces X

Sax 2.4398
Sex X

Fxperimental 1.3948
Faces X

Trials .27u6
Experimental ¥

Trials . 8065
Sex X

Trials .31759
Faces X

Fxperimental X

Sex .4848
Taces X

Fxperimental X
Trials . 7685
Paces X

Sax X

Trials .6925
Fxperimental X

Sa2x X

Trials 1.0725
Subiects

Faces X

Experimental X

Sax X

Trials .2620

Subdects X
Trials

T af ST'M OF SOQUARFS
7773 /336 7 TTs.o0020 T TTTTTTTTT
1/1136 1.3020
17316 2.2687
37336 19.2229 p<.01
1/336 L6020
173136 3.5020
1,336 2.0020
3/3136 L7229
1,116 2.1228
1,336 .9895
17336 5.0020
31/316 2.0229
3/336 1.8729
3/336 2.8229
160.7645
3/336 . 6895
294,8083
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SUMMARY TAELF OF ANOVA FOR EXPERTMENTS IIT AN TV COMBINED

FFFFCT F
Distractor . 3408
Fxperimental-
control .R140
Trials 22.173%
Delay X

experimental . 1803
Delay X

Trials 1. 1080
Fxperimental X

Trials <2704
Subiects
Delay X

Experimental X
Trials .6910

Subhjects X
Trials

at

17708

1,708
3,708

1/708
3,708

3/708

3,708

.5041

1.2041
52.9500

. 2666
2.6U458

. 6458
349.1189
1. 6500

563.5632
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p<.001



