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PERCEPTION AND MEMORY OF FACIAL AFFECT
FOLLOWING BRAIN INJURY!

GEORGE P, PRIGATANO? AND KARL H. PRIBRAM
Pratbyterian Hospsial, Qklaboma City Stanford Unsvertisy

Summary —DBrain-lesioned patiens and controls were shown a seties of
happy, sad, fearful, and angry faces and asked to idendfy verbally the facial
emption and lacer freely recall che affect when shown some of the faces having
neutral expressions. Grearer mispercepticn of facial affect was associared
with posterior lesions when bilaterai lesions were removed from dam aoalysis.
Unilateral and bilateral frontal lesions, however, were associated with memory
deficies for facial affect  As a group, right versus left “hemisphere-lesioned
patients were not different from each other in the perceprion or memory of
facial affect. Right fronral lesions, however, seemed especially to disrupe
recall of faciai emotion.

A number of studies have shown that the perception of uafamiliar faces
is impaired following a right-hemisphere lesion, particularly when it is
posterior in location (DeRenzi & Speanler, 1966; Yin, 1970; Hamsher, Levin,
& Benton, 1979; Bearon, 1980). Orther srudies have suggested that righe cere.

bral hemisphere lesions mighe also interfere with the perception of facial affect

or emotion (Cicone, Wapner, & Gardner, 1980; DeKosky, Heilman, Bowers,
& Valenstein, 1980)., While the same aeural processes might account for boch
of these deficits, e.g, a visual-sparial informarion processing deficit, the evi-
dence is equivocal. For example, Cicone, er 4l (1980) reported a low and
presumably nonsignificant correlation between errors in facial recognition
and errors in the recognirion of facial emotion. DeKosky, es af. (1980) re-
ported a similar finding.

Since information abour emotional or affective stimuli frequeady is
received by muiciple modalities, the perception of emotional informaticn most
likely involves overlapping neural processes. When just facial affect is per-
ceived, as in an arcificial experimental siruation, a verbal response or even
the thought that “this is a happy or sad face” might evoke different encoding
straegies for perceiving and remembering cthar affect. Galper and Cosea
(1980) have demonstrared, for example, chac facial recogmition in normais
can be superior in either the right ot left visual field, depending on the type
of cognirive encoding strategy employed by the subject. Hansch and Pirozzolo
(1980) have shown chat the task demands can lead to either a right- or lefe-

"This research was conducted in large part at Stanford University while the aurhor served
as a Visiting Scholar in Dr. Karl Pribram’s neuropsychology laboratories.
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fleld advantage io perceiving “emociopal” stimuli Cicome, e ol {1980)
found thac bilateral fronral lesioned patients made essentially the same sumber
of erzors as right hemisphere-lesioned patients whea asked to percetve facial
affece. Differeqs geural system deficics or differemc informadoan-processing
straregies, therefore, may lead to the same bebavioral deficic bur for differeat
reasons,

To complicate marters further, in most studies of recogniton of facial
affect, the subject is asked to march a person or an emocional expression (Ley
& Bryden, 1979; Suberi & McKeever, 1977; Cicone, ¢ &f, 1980; DeKosky,
et af., 1980). la everyday life, simple marching is not the method of resting
percepdon or recall of facial affect. The individual derermines if a given
person is happy, sad, fearful, angry, etwc. based on the informartion that a
person provides, Lateg, when confroating the person again, the individual
muse freely recall whae the affect was che last ime he encountered that person.
Errors in either the inicial judgment of facial affect o its larer recall poreacially
can cause serious problems in social adjusement. Io particular parient groups,
e.3, with closed-head imjury, this may be an extremely imporraor source of
their perscnal adjusament problems.

The preseac study artempred co assess the ability to perceive and remember
facial affecr using more “real-life” test characreriscics, Brain-lesioned patients
and ¢ontrois were shown pictures of faces and asked to scate verbaily what emo-
ton the face was showing, Later, they weze asked to recall freely thar affec
when confroated with some of the same faces aow having relatively aeutral
expressions.

Based on previcus research, it was predicted thar under these conditions,
righc-hemisphere parients may not be statiscically different from lefe-hemisphere
patients (DeKosky, ez «., 1980), bur both should be inferior to controls. Be-
cause of the perceprual narure of che wask, it was predicted thac patients witch
postetior brain lesions should do worse than frontal lesioned pacienrs. The
study of Cicone, e of, (1980) points out, however, thatr pacients with bilareral
froncal cerebral lesions mighe also be expected o do very poorly on such a
task, bur possibly for differenc reasons (see Jouander & Gazzaniga, 1979).

MgTHOD
Subjects

The subjects in the presenr study were part of a previous research projecr
dealing with how feeling stares influence episodic memory. Derails cegarding
subjects’ selection, the mechods of idenrifying regionalization of lesions, eod
type and durarion of brain lesicns can be found in that report (Prigatano &
Pribram, 1981). Yhile some were initially aphasic, by the rime of tesring, all
had sufficient good language skills to participate in the study.
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For the purpose of the present study, 20 patients with weil-documented
lesions. were iniciaily classified as having either froatal (n» = 10) vemsus
posterior {# = 10) lesions. Subjects were then reclassified as having right
(n = 8), left (# = 7), or bilateral (#» = 5) cerebral lesions. A group of
10 peripheral neurclogic and psychiacric patients, as well as normai volunteers,
served as control subjects.

Brain-lesioned and comtrol subjects were matched on age, education, and
handedness. Brain-lesioned parients had a2 mean age of 39.5 yr, with mean
education of 13.2 yr. Seventy-five percent were righc-handers, Conrrols had
2 mean age of 31.8 yr.,, mean education of 14.2 yr, and 80% were right-handers.
Sex ratio, however, was not matched, In the patient sample, there were 14
males and 6 females. In tbe control sample, there were 4 males and 6 females.
Previous research, however, has not shown sex, educarion, or age to influence
perception of facial characreriscics or facial affect in this range of adule subjects;
see Beaton (1980) for references thar support this point

Procedures and Materials

Each subject was individuaily tested in a privare room with no diseracrions.
The subject was inseructed to Jook ar 16 faces and to seate verbally whether the
face looked happy, sad, fearful, or angry. The subject was then shown eighe
of the previous faces, but this time the faces had relatively neutral facial expres-
sions. The subject was asked to try aad recall the emodonal expression of
each face on the previous crial. This was a very difficulr task for most subjecrs,
aad guessing was encouraged. After this, the eatire sequence was repeated z
second time. Consequently, there were 32 facial affect- recogmnon trials and
16 facial affect-memory mials per subject.

The stimulus pictures were taken from the commercially available facial
affect slides by Ekman and Friesen (1976). These slides offer the advantage
of providing reliabilicy ratings regarding the emotion expressed by a given
face. Thus, one can measure how easily a given facial affect is perceived by
normals,

In the presenr study, four happy, four sad, four fearful, and four angry
faces were used. There were two pictures of men and rwo pictures of women
for each emotion. The commercial sumbers of each and their reliabilicy
judgments are:

1. Happy: Slide 22; raung = 96% 3. Fear: Slide 37; radog = 96%
Siide 29; radng = 1009% Slide 79; radpg = 92¢5
Slide 48; radng = 100%% Slide 88; rating = 1009
Slide 57; rating = 100% Slide  50; rating = 88%
2. Sad: Stide 1%; ratng = 97% 4. Anpger: Slide 25; rating —= 70¢%
Slide 36; rating = 934 Slide 105; rating = 100¢%
Slide  2; rating = 90% Slide 49; racing = 100%
Slide 43; ratiog = 96% Slide 96; rating = 100¢3
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These dara show that the sad and fearful faces were not idenrified as easily
by normals. Three our of the four happy faces had 100¢% reliability, and three
our of the four angry faces had 1009 reliabilicy. This is imporrant since
errors in perceiving sad and fearful faces for brain-injured patienss would
poreneially reflect che difficulty level of the percepdion rarher than the specific
disabiliry to deal with one emotion vegsus another. This methodological conerol
is often not employed.

In the memory conditlon, one neurral male and one oeucral female's face
was used in each of the four affect conditions. The neurral siides used were
as tollows: previously happy faces: Slides 33 and 63; previously sad faces: Slides
24 and 47; previously fearful faces: Slides 83 and 92; and previously angry
faces: Slides 110 and 72,

All slides were projected onto 2 blank screen or white wall approximately
5 f. from che subjece Subjects who normally wore glasses were inscrucred
o wear them during the testing procedures. Subjects who had evidence of
any visual-field difficuley wese positdoned in such a way as to0 ensure scimulus
material was projected to the best visual field,

RESULTS
Frantal Versus Posterior Carabral Larions

Parients were inirially subdivided into fronwml (# = 10) versus posterior
(7 == 10) lesioned groups. These subjects were then compared o the conerols
on their percepdon of the four facial affects. A 3 X 4 analysis of variaoce
indicated no group effect (F = 1.82, df = 2/27, ¢ = .18), a strong facial
emotion effece (F = 4.83, 4f = 3/81, p = 004), and a wend for an inrer-
action (F = 1.79, df == 6/81, » = .11). The Duncanp mulripie-range test,
with a probabiliry raring set of .05, showed that the perceprion of happy faces
were decidedly essier than percepdion of other facial affecs for all subjects.
This analysis did not show a grearer perceprual deficic for posterior lesioned
patients as initially predicted.

A similar analysis, using memory scores, was then conducred. A group
effect was obsecved (F = 338, 4f = 2/27, p = .04) with a rendency for a
facial emodon effece (F = 229, 4f = 3/81, p = .08) and no interacrion
(F = 122,4f = 6/81, » = 50). A Duncan range test indicared char fronral-
lesioned parienrs had impaired memory for facial affect bur only compared w
controls. There was no difference berween posterior and froaral subjects’
memory of facial affece.

Since frooeal patients had a greater number of bilateral lesions chan the
posterior patients, this variable may have confounded the resuits. Consequentdy,
the perceprual and memory analyses were repeared with bilateral parienrs
omirted. Uailateral froorals (» = &}, unilateral posteriors (» = 9), and
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controls (7 == 10) were compared. This analysis did show 2n effect for
group (F == 3.87, df == 2/22, p = .03), facial emotion (F == 4.57, 4f =
3/66, § = 005), and an interaction (F = 2.59, df = 6/66, p = .02).
Posteriors were now decidedly impaired relative to controls but were oo dif-
ferenr than frontals (Table 1). Happy and angry faces were more easily
perceived than fearful and sad ones. Posterior parients were inferior to
fronrals only in the perception of fearful faces.

TABLE 1

- DUNCAN MULTIPLE-RANGE TEST FINDINGS:
FRONTAL ¥5 POSTERICR vs CONTROL GROUPS

Subjects M
1. Perceprion of facial affect { bilateral lesion included)
a. conmols 7.7 A®°
by posterior 7.3 A
< frooml 7.1 A
2. Pgrceprion of facizi affect (bilateral levion excluded)
1, coprrois 1.7 A
b. fronwml 7.6 A B
¢ posterior 7.2 B
3. Memory of facial affect ( bilareral lesion imciaded)
1. conrrols 6.2 A
b. posterior 5.6 A B
¢, fronm] 5.4 B
4. Mamory of facial affecr ( bilateral lesion excluded)
a. contols 62 A
b. ?osnerior 5.% A B
¢ frooml 5.3 B
*Means having same lemer reflecr no differsnce ac p = .05, Means having different

letters beside them reflect significane difference 2t p = .09.

A similar analysis with memory scores again showed a group effect (F =
346, df == 2/22, p == 04), bur no effect of facial affect (F = 131, df =
3/66, p == 27), or interaction {F = 26, df = 6/66, p = .03). The removal
of bilareral patients, therefore, did not alter the findings on the memory darz.
Frontals are again worse than conuols, but o different from posteriors
(Table 1).

Right Versas Laft Cerebral Lesions

The aext hypothesis under investigation was whecher right- and left-
hemisphere patienrs would be similar in their performance under the present
testing conditions. Lesion patienrs were thus divided inro right (n = 8),
left (n == 7), and bilareral (» == 5) groups and compared w conwrols (5 ==
10) on the four facial affects. A 4 X 4 analysis of variance of perceprual
scores indicated effects of group (F == 293, df = 3/26, p = .05) and facial
emotion (F = 4.69, df = 3/78, p = .004), bur no iateraction (F == 1.22,
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df = 9/78, p = 29). Duncan mulitiple-range test showed thar controls,
right- and lefr-hemisphers lesioned parienrs were not significanty differear
from one aaother bur were ail less impaired than bilareral-lesioned parienms
(Table 2). Again, bappy faces were clearly more easily perceived than other
faces. As predicred, chere was oo difference berween righe and left hemisphere.
lesioned parients in this analysis. _

A 4 X 4 analysis of variance was then conducted on memory scores. The
resulrs were less stiking, COnly tends were observed for effects of group
(F = 242, df = 3/26, p = .08), facial affect (F = 245, df = 3/78, ¢ =
06), and their interaction (F = 1.82, df = 3/78, p = .07). Using just the
memory scores, bowever, the righr-hemisphere-lesioned patenrs did show the
greatest impairment but were only significantly differenc from controls
(Table 2). -

TABLE 2

DuncAN MULTIPLE-RANGE TEST FINDINGS:
RIGHT, 1 BFT, BILATERAL, AND CONTROL GROUPS

Subijects M
1. Pevcedtion of facial affect
t w 7 A*
d 1.7 A
[ 1:3:1“ 72 A
d, bilagwal 6.7 B
2. Memory of fadal affect
a, coatrols 6.2 A
b. bilareral 53 A B
C lefe 3.5 A B
d. right 5.4 B

*Means baving same lever reflecr no differeace at ¢ = .05, Means having different
lettars beside them reflecx significint difference at p = .03,

Right Versus Laft X PFrontal Versur Posterior Lasions

A potenral methodologicai probiem with the presear dara was che unequal
distribution of right- versus lefr-sided lesions in patienrs classified as froncal
versus posterior. Froaral padenws had more unilareral right-sided lesions (5 =
5) than left (# = 1). The opposite was true for posterior patenrs in which
unilateral lefe lesions (# = 6) oumumbered unilateral right lesions (s = 3).
Consequently, further analyses were done.

Unilareral right versus lefr fronral-lesioned parients were first compared
on perception and memory scores. These two groups did noc differ io cheir
percepdon of facial affect (F = 1.67, 4f = 1/4, § = 26). There was also
8o interaction of group by fadial emotion (F = .53, df = 3/12, p = 67)
or facial emotion (F = 143, 4f = 3/3, p = 28) for perceprion scores.
Comparison of memory scores, however, showed a trend for right froouals
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to have a more difficult time recalling facial emotion than the single left
fronrat patient (F = 4.59, 4f = 1/3, p = .09). There was no interaction
(F = 42, df = 3/12, p == 74) or effect of facial emoticn (F = 495, df =
3/3,p = 72).

Comparison of right versus lefr posterior-lesioned patients on perception
scores gave no effect of group (F = .05, df = 1/7, p = .83), but there was 2
decided effect of facial emotion (F = 698, df = 3/3, # — 002) and an
interaction (F = 478, df = 3/21, p = 01). Right posrerior-lesioned patients
were decidedly worse than lefr posterior-lesioned patiears in the perceprion
of fearful faces. Happy and angry faces were again sratisrically easier to per-
ceive than sad or fearful omes.

Analysis of memory scores for right versus left posterior-lesioned parients
yielded ao effect of group (F = .88, 4f = 1/7, p = .37), no facial emordion
(F = .70, 3f = 3/3, p = .56), or their interaction (F = 3, df = 3/21,p =
93). -

These latter findings suggest thar the right frontai-lesioned group had the
most trouble with memory of facial affect. Both righe and lefr posterior-
lesipned groups tended to have difficulty perceiving facial affect. The righe
posterior-lesioned patients, however, performed worse than left posterior-le-
sioned patients when perceiving fearful faces. These were the more difficult
stimuli to perceive based on the normarive data listed in the method secton.

Post Hoc Analyses

In addicion to these aoalyses, two poss hoc analyses were dome. The
first investigared whether the type of brain lesion influenced the resuits. The
literature indicates thar closed bead-injured patjents with brain stem aod
cerebral contusion typicaily did more poorly on perceiving unfamiliar faces
than patienrs with only cerebral contusion (Levin, Grossmag, & Kelly, 1977).
Also, the possible effect of the acuteness of the lesion on test resulrs was con-
sidered. Frequenrly, when patients are acutely impaired, there is a general
disrupricn in zll higher cerebral function and consequently, this might have
accounted for the less clear findings.

Cloted Head Injury Vorsur CV A and Tumor

Patients were divided into rwo major types of brain lesions. One group
consisted of padenrs with closed-head injury (» == 10) and the second group
consisted of patients who had either CVAs (n = 7) or mumors (n = 3).
The CVA and mmor patients were combined into one group since there were
ogly three umor paciears. A 3 X 4 analysis of variance compared CHI parients
versus the combined CVA and tumor group versus controls over the four
conditions of facial affect. A clear effect for group (F == 575, df = 2/27,
p = .008) and facial emotion {F = 4.84, 4f = 3/81, » = .003) and a ten-
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dency for these to interace (F = 1.81, 4f = 3/81, p = .10) were cbserved.
Duacan muitiple-range tese indicated thar CHI patients were decidedly iaferior
to contzols and otcher brain-injured padents in che perception of facial affece.
Again, bappy and angry faces were much more easily perceived than sad and
fearful opes.

Agalysis of memory scoces using this same patient grouping also yielded
significant effects. An effect for group was sigmificanr (F = 411, 4f =
2/27, p = .02) with a wend for facial affect (F = 2.36, ¢f = 3/81, ¢ =
07). These was, howeves, 0o interaction (F = 1.66, df = 6/81, p = .14;
see Table 3). It may be of some clinical significance thar CHI parients had
considerable. difficulty o both perceprion and later memory of facial affecr
since these individuals frequently have serious problems of social adjuscment
{Levin & Grossman, 1978).

TABLE 3

DinNeaN MULTIPLE-RANGE TEST FINDINGS:
CHI v CVA AND TUMOR v3 CONTROL GROUPS

Subjecs M
1. Psreoprion of facial affect
2. comizols 7.7 A®
b CVA and
furoor 7.3 A
¢ Closed head
infary 6.7 B
2. Mamowy of Facial affect
2. comtrols 6.2
b. CVA and
mmor 5.6 A B
¢ Cloged hend
injury 33 B
“Means having same lewer reflect no differemce ar p = .09 Means havipg differenc
legters beside them meflect significane difference at p — .0%.

Acute Verrur Chromsic Lasions

Patiears were classified as having either acute, ie, 6 mo. or less, or
chronic (grearer than § mo.) lesions. This breakdewn produced 10 patienrs in
each compdicion. A 3 X 4 analysis of variance comparing acure versus chronic
versus control subjects on perceprual scores gave no effect of group (F =
1.70, @f == 2/27, p = .20} or ipteraction (F = .88, df = &/81, p = .5),
bur an effect for facial emodon (F = 4.54, df = 3/81, » = .005). Once
again, happy and angry faces were much easier perceived than fearful or
sad ones,

The 3 X 4 analysis of variance cn memory scores yielded, however, an
effect for group (F = 335, &f = 2/27, p = 03), an inreraction (F =
2.20, df = 6/81, p = .04), and a rendency for an effect for {acial emorion
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(F = 246, df = 3/81, p = .06). The Duncan muiriple-range rest indicaced
that patients who had chronic lesions actually performed worse than concrols
but were equally impaired with acute pariens. The interacrion showed, how-
ever, thar acute patients had a more difficule time remembering sad faces than
other patients or conwrol subjects.

DiscussioN

Excluding patients with bilateral cerebral lesions, posterior-lesioned pa-
tienes misperceived facial affect significanrly mére than coarrols. In contrast,
fronral-lesioned patients demonstraced significantly pooret recall of facial emo-
tion compared to controis. These two lesioned groups, however, did not differ
consistently from each other in the over-all perceprion and memory of facial
affect. Ougly in the most difficult percepeions, ie., fearful faces, did posterior-
lesioned patients do worse chan froneals. This finding appears w be produced
primarily by righr posterior-lesioned pacients. The convex, posterior regions
of the buman brain are especiaily equipped to deal wich che discrimination of
visual-spatial stimuli and consequencly facial emotions should be impaired
following lesions in this brain region (Pribram & Barry, 1956; Wilson, 1968).

Frontai-lesicned patients did not have major difficulty in perceiving facial
emorion. The study by Cicone, ez al. (1980) showed, however, thac bilarerai
fronral-lesioned patients had difficuity in petceprion of facial affect. Bilateral
regions of the froneal cortex do pot produce impairment in visual discrimina-
ton per se (Pribram, 1971); however, they can produce deficits in visual
scanning (Jouandet & Gazzapiga, 1979). Such deficis may lead w failures
in sampling imporrant sources of visual informarion necessary for perceprual
judgments about emotion and chereby produce the present results.

In the present study, fronral-lesioned patiencs comsistently bad the grearest
wouble recalling facial affect. This was mue when bilateral or unilareral
lesioned pacients were studied The righe frontal group, however, seems to.
account for this affect Problems in using “emotional” information to aid
initial learning may account for these results (Prigatano & Pribram, 1981).

A second major finding was that under the present rest conditiogs, as
a group, right cerebral-lesioned patients performed essendally as left cerebral-
lesioned patients in the perceprion of facial affect. When the cask demands a
verbal response, the expected right-hemisphere effects are frequencly reduced
{Hansch & Pirozzola, 1980). Curiously, however, right-hemisphere patients,
like frontal-lesioned parients, had trouble remembering facial affect. Suberi
and McKeever (1977) have argued that che right hemisphere has 2 special
role in the recall of facial emocion. Other soudies have shown impaired non-
verbai memory following righc-hemisphere lesions (Bumers, 1979). While
it cannoc be fully evaluated in this study, the presenr dara are compartible with
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the notion char right fronral-lesioned parients have difficulty remembering
facial emodon because of problems of inarrendon (Jouander & Gazzadiga,
1979). Righr posterior-lesioned patients, however, may nor remember facial
emotion because of initial problems in perception. This should be investigated.

In addidon to the theoretical considerarions, the present findings have
poteatial clinical relevance. They raise the question of whether or sot prob-
lems in perceiving and remembering facial affecr cooeribute substandally to
problems ia social adjuscmene. The patients ia chis study who had closed head
injuries did decidedly worse than the CVA and tumer patiears on che percep-
tons and memory of facial affect. Parienss with closed head injuries are
especiaily at risk for dealing with individuals in 2 socially inappropriate manner
(Levin & Grossman, 1978). If they canoor properly pesceive facial affect or
remember such emorional informaticn, their social respopses mighr well be
more likely w0 become inappropriare.  The chroniciry of the closed head injury
may even add co this problem as wimessed by che findings in this study. This
needs o be evaluared. Padents with closed head injuries who show poor
social adjustmesnt should be evaluated for cheir ability o perceive and remember
emotional stimuli. If there were a high positve correlation between chese two
dimensions, this may prove to be a valuable clinical aid in the diagnostic
assessmenr and evenrual recraining of such pariears.
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