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Abstract. Sixteen right-handed subjects (8 male and 8 female) were
asked to compare two faces or two words successively presented at the
centre of the visual field. The brain’s electrical activity was recorded
from the scalp at symmetrical points of the left and right occipital lobes
(0; and 0,) and posterior temporal lobes (T; and Tg). The reference
electrode was placed on the scalp vertex (C.). A multi-factor analysis
of wariance revealed significant hemispheric differences of the Ny and
P, amplitudes. For the Nyy; the opposite asymmetry was found for faces
and words. For the face matching the N,;; amplitude was higher in the
right hemisphere, whereas for word matching it was higher in the left
hemisphere. For the Py the asymmetry was in the same direction both
for faces and words, with higher amplitude in the left hemisphere. In
the case of face matching the hemispheric differencé in the Py was
more pronounced, due to a negative shift of the potential in the left
hemisphere in the latency range of 200-1,500 ms. Functional asymmetry
of the brain in face perception thus appears to be reflected in the brain’s
electrical activity. We conclude that differentiation in hemispheric func-
tions takes place while encoding information about stimulus in short term
memory.

1 Some of the results of the present study were presented in posters at the
EBBS Annual General Meeting in Oxford in September 1985 and at the Second
World Congress of Neuroscience (IBRO) in Budapest in August 1987.
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INTRODUCTION

Clinical research ‘on subjects with unilateral brain damage and on
subjects with transected corpus callosum indicates superiority of the
right hemisphere in memorizing and perceiving of human faces (6, 11,
18, 23, 45). Evidence to support the theory is also provided by numerous
tachistoscopic studies with healthy subjects (3, 7, 9, 10, 12, 14, 16, 17, '
19, 24, 25, 31, 37, 39, 42, 43, 47).

Although a great majority of studies of face perception on healthy
subjects have shown superiority of the right hemisphere, there are re-
ports of some experimental conditions and with some groups of subjects
in which the researchers either did not establish hemispheric differences
or even suggested the superiority of the left hemisphere. For example,
Rizzolatti and Buchtel (38) did not find asymmetrical hemispheric func- -
tioning in women’s perception of faces. Zoccolatti and Oltman (48) and
Rapczynski and Ehrlichman (34) obtained similar negative results with
field dependent subjects, Phippard (29) with deaf subjects, Piazza
(30) and Gilbert (8) with left-handed subjects. Moreover, Bradshaw et
al. (1) did not discover asymmetrical brain functions when comparing fa-
ces in profile while Young and Bion (46) arrived at the same results
with inverted faces. On the other hand, contrary data, indicating left
hemisphere superiority, were obtained by Patterson and Bradshaw (28)
in a study where the subjects’ task was to compare two schematic faces
which differed from each other in only one element. Marzi and Ber-
lucchi (20) obtained similar results in a comparison of famous people’s
faces, Marzi et al. (21) in a comparison of faces of people known to the
subject and Jones (13) in recognizing gender of faces presented.

Taking into consideration the inconsistencies between the results of
tachistoscopic studies on heniispheric asymmetry in perceiving and me-
morizing faces, it seems that more unified data are obtainable through
electrophysiological methods. Unlike the majority of behavioural experi-
ments, in which only the ultimate results of the cognitive process are in-
vestigated, electrophysiological research also enables the researcher to
study the dynamics of the process. This methodology permits the in-
vestigator to obtain data on regional scalp difference and on the phase
of the process in which the differentiation of hemispheric functions
occurs. Simultaneous recording of the electrical brain activity from sym-
metrical points on the scalp and the behaviour of the subjects seems
particularly promising (41).

Until now the studies on electrical activity of the brain during per-
ception and memorization of faces have been limited mostly to recording
EEG activity from symmetrical points on the scalp (27, 35). The studigs
mostly reveal greater activation of the right hemisphere compared to
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the left, i.e, lower amplitude of o activity, suggesting that the bioelec-
trical activity of the brain can be a sensitive indicator of the functional -
hemisphere asymmetry. Fewer researchers have studied the recording of
visual evoked potentials (VEPs) to faces from symmetrical points on
the right and left hemisphere. In one of the few studies where this me-
thod was applied, Small (40) found that the amplitude of the Py com-
ponent of VEPs to pictures of faces presented on a screen was higher
in the right hemisphere than in the left. In Small’s research the subjects
were only to look passively at the screen on which pictures of familiar
or unfamiliar faces were presented in the centre of the visual field. They
were not assigned any task to perform. It is therefore uncertain whether
the subjects were engaged in face perception.

Superiority of the right hemisphere was also revealed in our earlier
tachistoscopic research in which we recorded simultaneously the errors
commited and the VEPs from the left and right hemispheres during com-
parison of two faces shown successively in the left or right visual field
(41). The subjects committed fewer errors when the faces appeared in
the left visual field and greater electrical activation of the right hemi-
sphere was observed merely 150 msec after the first face appeared on
“the screen. A ’

In everyday life, to perceive the world one tries to direct ones eyes so

that the image of the perceived object falls in the centre of the retina.
Yet the majority of psychophysiological studies on perception of faces in
healthy subjects have been conducted in artificial laboratory conditions
with pictures of faces briefly presented either in the left or in the right
visual field. Electrophysiological research, however, enables analysis of
the naturally-occurring asymmetry 0¥ cerebral hemispheres with cen-
trally presented stimuli. ‘
"~ The aim of the present research was to verify whether the visual
evoked potentials in the right hemisphere are greater than those in the
left hemisphere when the compared faces are presented in the centre
of the visual field. In order to ensure that the possible hemispheric asym-
metry is not connected with the task of comparing any two stimuli, we
have utilized words as control material which presumably would in-
volve the left hemisphere more than the right.

METHODS

Subjects

Sixteen right-handed persons (8 men and 8 women) ranging from
20 to 30 years of age, served as subjects. The subjects’ acuity of vision
was normal or corrected by optical lenses. Handedness was measured by
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the Briggs and Nebes’ Handedness Inventory (2). The scores of all sub-
jects, familial right-handers, exceeded +19 on a scale on which +24
indicated maximal right-handedness.

MATERIAL

Seven pictures of faces and 16 three-letter words were used as sti-
muli. The pictures represented faces of 7 men (students) who tried to
restrain emotions. They were without any peculiar features, without
glasses or beards. Each of them wore a cap to conceal the hair. The faces
on the screen were about 3° wide and 5° long. The words, three-letter
concrete nouns, were typed horizontally or vertically. The length of
the word presented horizontally was about 3° whereas the height of that
presented vertically was about 5°.

Procedure

The subject was placed in an electrically and acoustically shielded
room. In front of the subject at a distance of 180 cm there was a screen
with a fixation point. The stimulus appeared for a period of 100 ms in
in the centre of the subject’s visual field, above the fixation point. A 2.25
s pause followed. Then another stimulus, identical or different from
the previous one, appeared in the same position for 100 ms. The subject
was to decide whether the stimuli were the same or different and react
by pressing one of two buttons. Half of the subjects had the button sym-
bolizing different stimuli closer to them and the button indicating iden-
tical stimuli further from them. For the other half of the subjects the
buttons were reversed. Moreover, half of the subjects pressed the but-
tons with the left hand and the other half with the right hand. The
appearance of each new pair of stimuli was announced by the word
»attention” 2.

Each subject participated in two experimental sessions. Sixty four
pairs of stimuli were compared durin'g, each session, half of them identi-
cal and the other half different. During one session, the subjects com-
. pared pictures of faces, during the other session, words. In the face
session, two pictures of faces appeared successively on the screen. The
subject decided if the second face was the same as the first face or
different. During the word session, 2 three-letter words were presented

2 Pilot research showed that such verbal stimuli announcing the exposure does
not produce a CNV. On the other hand, a click before the exposure evoked a large
CNV which influenced the answer.
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on the screen one by one. The letters of the first word were written hori-
zontally and the second vertically 3. The second word in the pair was
either composed of the same letters as the first word or differed from the
first word in one, two, or three letters. The subject decided whether the
second word meant the same as the first word.

A Kodak Carousel slide projector with a Laffayette shutter was used
to present the stimuli. The number of errors was recorded. The function
played by each button, the hand which was used to press the buttons,
the order of experimental sessions, and the sex of the subjects were ba-
lanced. Eye movements and the behaviour of the subjects were observed
on a TV monitor.

The recording of evoked potentials

Visual evoked '?p&otentials were recorded from the scalp from symme-
trical points on the left and right occipital cortex (peints 0, and 0,), as
well as the posterior temporal cortex (T5 and Tg). The reference electrode
was placed in the vertex (C,) and the ground electrode on the forehead.
The resistance between each pair of electrodes did not exceed 5 kQ. The
electrical activity of the brain was amplified by four EEG amplifiers,
bandpass 0.23-30 Hz. The VEPs were averaged by a digital computer,
ANOPS 101. The sampling rate in each of the four channels was 106
samples per s. The analysis began 0.9 s prior to and ended 3.8 s after
the first stimulus had appeared on the screen.

Sixty four responses were averaged in each experimental session and
the averaged potential thus obtained was registered on paper by an XY
recorder. In the middle of each session, the two amplifying systems were
changed around to eliminate the effect of possible amplification diffe-
rences.

RESULTS

The analysis of VEPs

Every evoked potential recorded from the occipital or frem the po-
sterior temporal scalp region contained the following four waves: Py,
Ni, P?, N,. The average latencies of these peak waves were 156 ms,
243 ms, 406 ms and 750 ms, respectively. ‘

The waves were separately identified by two persons, both experien-
ced in the analysis of VEPs. They were unanimous in the identification

3 Using this .précedure the subject cannot compare the stimuli merely on the
basis of graphic representation of words but is oblighted to analyze them seman-
tically (5). )
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of waves resulting from the first stimulus as well as waves P; and N,
from the second stimulus. However, peaks P, and N, from the second
stimulus were sometimes difficult to identify. This was due to the fact
that the VEPs to the second stimulus overlapped with the contingent
negative variation (CNV) and with the potentials connected with the
preparation for and accomplishment of the motor reaction. This reaction
varied in latency with different experimental situations. Therefore, the
analysis of VEPs was limited only to components from the first stimulus.

The baseline was determined on the basis of the average value of the
EEG in the period of 500 ms prior to the appearance on the screen of
the first stimulus.

Two methods were applied for the statistical analysis of VEPs.

1

Method 1

In each of the recorded VEPs the émplitudes and latencies of succes-
sive wave peaks were measured. Figure 1 shows the average latencies
and amplitudes of the respective wave peaks as well as their standard

20 204
N4 pv
OCCIPITAL CORTEX

o4+ T
° f os w T F os "

wJ ) ‘10«

TEMPORAL CORTEX

Fig. 1. Amplitudes and latencies of wave peaks P;, N;, P, and N, in VEPs recor-

ded from the occipital and temporal scalp regions. The centres of the crosses de-

signate the average amplitudes and latencies of the wave peaks. The vertical and

horizontal lines represent double values of staﬁiard deviation between the sub-

jects. Positive potentials of the active electrode referred to C, were rezorded below
the zero line.

deviations resulting from between subject variability. Muliifactor ana-
lyses of variance were then’ applied separately to the amplitudes and
latencies of each wave. The factors were: hemisphere (left or right), sti-
mulus type (faces or words), scalp region (occipital or temporzal) and the
sex of the subjects (male or female).
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The analyses revealed a significant-hemisphere factor for the ampli-
tude of wave Py (P << 0.01). Across both faces and words, the amplitude
of this wave was considerably higher in the left hemisphere than in the
right (Fig. 2). The interaction between the hemisphere and stimulus type
was statistically insignificant, F = 1.80, df = 1/14, P<<-0.05.

The analyses also show a statistically significant interaction between
the hemisphere and the type of material for the amplitude of wave N,
(P < 0.01). In response to face the amplitude of wave N; was higher in
the right hemisphere than in the left hemisphere (Fig. 2).
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Fig. 2. Mean amplitudes of waves N; and P; in VEPs to faces and words recorded
from symmetrical points on the left and rjght occipital and posterior temporal
cortex.

' TFigure 3 presents the above relations on the basis of results obtained

from individual subjects.
Moreover, the analyzes reveal considerable differences between the
amplitudes and latencies of the early waves P; and N; in the comparison



272

of faces and words. In response to faces the amplitude of wave P; was
higher (P <<0.05) and the latency of wave N; was shorter (P <<0.01)
than in response to words.

i U’“Wﬂm
-u‘ 1 : Pz |
Lo m 1 1
Ty e

Fig. 3. Differences between the amplitudes of waves N; and P, in VEPs in the
left and right cerebral hemispheres of individual subjects. The data presented are
averaged differences in the occipital and posterior temporal cortex.

Analysis of variance, where an additional factorywas the hand with
which the subjects pressed the buttons, proved that this factor was of
no importance either to the amplitudes or to the latencies of any of the
VEP waves. Moreover, this factor did not interact with any of the re-
maining factors.

Method 2

For further computer analysis, each averaged VEP was approximated
with a curve determined by characteristic points such as the coordinates
of the successive wave peaks P;,, N; Py, N, and by the initial and final
points (note also 41). The approximation curve was made up of third
order polynomials, each of which interpolated two subsequent characte-
ristic points of the VEP. Derivatives of these points were equal to zero.
The procedure was applied to obtain approximation curves of the average
VEPs for each subject in each experimental situation (16 subjects X2
regions X2 hemispheres).
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All curves, approximating individual VEPs, were sampled at 100 time
points and the data obtained were computerized. A comparison of the
curves approximating VEPs from the left and right cerebral hemispheres,
was then carried out. A Student’s test for dependent pairs was applied
to test the differences between the VEPs in subsequent time points.

Figure 4 presents the left and right occipital and posterior temporal
VEPs to faces averaged for all the subjects whereas Figure 5 the VEPs
to words. Below, there are curves presenting the values of Student’s

20 . 20;
Vi Vi
¥ PACES ad

‘0! OCCIPITAL CORTEX 10 A4 !l TEMPORAL CORTEX

i E

i J— ' - T

(e X2 1 . 15s o5 1

Fig. 4. The comparison of averaged VEPs to faces for 16 subjects recorded from
the left (0,, T5) and right (0;, T%) cerebral hemispheres referred to C,. The values
of Student’s statistics for differences between VEPs in 100 subsequent sampling
points are presented below two superimposed VEPs. The values of statistics were
determined for a two-tailed test for dependent pairs. Horizontal lines represent
levels of significance: t = * 21 for P = 005, t = * 29, for P = 0.01 with 15
degrees freedom. When several points are marked for a particular abscissa to make
the diagram continuous, the statistical value t is determined by the point with
biggest deflection. Dots represent potentials from the left hemisphere and circles
those from the right hemisphere. Places where they overlap are marked with the
’ letter 2.

statistics and marking the points where the differences between VEP
amplitudes from the left and right hemispheres are at the significance
levels 0.05 and 0.01.
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The figures show that in the face task, in both the occipital and the
. posterior temporal scalp regions, the amplitudes of waves N; and N, are
higher and the amplitude of wave P, lower in the right hemisphere than
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Fig. 5. The comparison of averaged VEPs to words for 16 subjects recorded from
the left and right hemispheres (referred to C.). Further information is provided
in the description of Fig. 4.

in the left. These differences are statistically significant in case of the
occipital scalp region for latencies ranging from 267 to 526 ms (in 18
points at the significance level 0.05, six of them at the significance level
0.01). In the case of the posterior temporal scalp region, the statistically
significant differences occur for latencies ranging from 267 to 733 ms
(in 31 points at the significance level 0.05).

In the word task, both from the occipital and the posterior temporal
scalp regions, the averaged amplitude of wave N; is slightly lower in the
right hemisphere than in the left. The differences between the amplitu-
des of VEPs recorded from the left and right hemispheres were, however,
at no point statistically significant.

Error analysis

The analysis revealed that the number of errors depended on the
comparison type (F = 11.27, df = 1/14, P < 0.005). The subjects commit-
ted more errors when the compared stimuli were indentical than when they
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were different (Fig. 6). The interaction between the type of material and
sex of the subjects (F = 7.95, df = 1/14, P <<0.025) also proved to be
relevant. While men committed an equal number of errors in the face as
in word task, women made more errors when faces were compared
(F = 8.16, df = 1/6, P << 0.025). '
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Fig. 6. Averaged percentage of errors committed by the subjects when comparing
two faces or words subsequently presented in the centre of the visual field.

Additional analyses of variance showed that the hand with which the
subject pressed the button in answer to the question had no influence
upon the results (the hand factor as well as any interactions between
this factor and other factors appeared to be statistically insignificant).

DISCUSSION

According to the results of the experiments presented above, the
process of comparing two faces or words presented centrally in the
visual field is accompanied by asymmetrical electrical brain activity.
Moreover, there is a considerable difference in asymmetry when faces
are compared and when words are compared. In the comparison of two
faces, the amplitude of wave N; was higher in the right hemisphere than
" in the left, while the amplitude of wave P, was higher in the left hemi-
sphere. On ‘the other hand, in the comparison of two words, the ampli-
tude of both waves was higher in the left hemisphere than in the right.

The existence of the opposite pattern of hemisphere asymmetry in
the comparison of words and faces has been proved by clinical research
on subjects with unilateral brain damage, with a transected corpus callo-
sum, as well as by numerous experiments on healthy subjects in which
the method of lateral presentation of stimuli was used. The studies in-
dicate’ that the right hemisphere is involved in spatio-gnostic analysis
while the left hemisphere analyzes semantic and linguistic information.
According to most of the electrophysiological studies, higher amplitudes
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of evoked potentials occurred in the hemisphere which was more in-
volved in the analysis of the stimulus. Thus, in the experiment presen-
ted above, higher amplitudes were expected in right hemisphere in face
~comparison and in the left hemisphere in words comparison. The rela-
tion was indeed obtained for wave N;. A different hemispheric asym-
metry, however, was achieved for wave P,. The amplitude of this wave
was higher in the left hemisphere than in the right, both in the faces
and words. The data obtained appear inconsistent with the results of
Small’s research (40). Small’s studies on VEPs to centrally presented
faces indicated a higher amplitude of wave Pgyp in the right hemisphere
than in the left.

Recent studies of Potter et al. (32) support our results. These authors
recorded VEPs to picture of faces from frontal, temporal and parietal -
scalp regions. The task of the subjects was to decide whether two se-
quentially presented faces were the same or different. Potter et al. found
that at all recorded sites the potentials to the first face in the range of
600-1,100 ms were more negative over the right hemisphere than over
the left. In parietal scalp region the hemispheric asymmetry was parti-
cularly strong, and started about 400 ms aftér stimulus. In our opinion,
incompatibility of our results with Small’s is due to a different degree of
involvement of the subjects in face perception and to differences in the
ways in which the subjects analyzed the presented stimuli. In Small’s
research, the subjects had no task to accomplish. They merely looked
at the screen on which pictures of faces appeared, whereas in our ex-
periment, the subjects were actively involved in the memorizing and
comparison of pairs of faces appearing on the screen. The fact that we
obtained a higher amplitude of wave P, in the left hemisphere both in
the comparison of faces and words leads to the conclusion that the asym-
metry was connected with the very task of comparing two stimuli and
not with the applied material. A somewhat greater difference in case
of comparing faces than words was probably due to the overlapping on
wave P, of the preceding wave N; which differed in case of faces and
words.

Our study also indicates the phase of visual information analysis in
which the differentiation of electrical activity of the cerebral hemisphe-
res takes place. The differences in the electrical activities of the hemisphe-
res, appearing already in response to the presentation of the first of two
faces, leads to the conclusion that the differentiation of brain functions
occurs even before the subjects retrieve the picture of first face from
memory, before they compare it with the image of the second face and
decide whether the faces are the same or not. On the basis of the data
obtained in this study as well as the results of earlier psychological re-
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search (4, 22, 25) and studies recording potentials evoked by face presen-
tation (40, 41) we have made an assumption that the differentiation of
hemispheric functions takes place while encoding information in short
term memory.

It is also important to note that the hemispheric asymmetry is equa-
lly large in the occipital and temporal scalp regions. This result seems to
be particularly interesting when we take into account research on hemi-
spheric asymmetry with the use of material other than faces. Studies on
the perception of such stimuli as chess-boards, different sloping lines,
or spatial configurations of points, conducted with the VEP method, in-
dicate greater hemispheric differences in the potentials recorded from
the temporal and parietal scalp regions than from the occipital scalp re-
gion (15, 26, 33, 36, 44). Vella et al. (44) even claim that the slight supre-
macy of the right hemisphere they noticed in the occipital scalp region
is merely a reflection of the large hemispheric asymmetry in the tempo-
ral region. A different result was obtained by Small (40) who studied the
VEPs to faces. The greater differences occurred in the occipital cortex.
It seems justified to think that the results were inconsistent probably
because the information about faces was analyzed in different ways
from those used with the information concerning other stimuli.

The data obtained in our experiment, encourage us to discuss the re-
lationship between the hemispheric differences and the sex of the sub-
jects. In 1977 Rizzolatti and Buchtel (38) discovered a greater asymmetry
in face perception in men than in women. Other studies, however, da
not confirm those results (12, 16, 37, 40, 43, 47). Neither did our experi-
ment indicate differences in hemispheric asymmetry in men and women.

Another relationship revealed in the course of our study should be
discussed here. The subjects committed decidedly more errors when
comparing the same stimuli than when the stimuli compared were dif-
ferent. We believe that this was caused by the procedure applied in the
experiment. In half of the comparisons included in the experiment, the
compared stimuli were the same while in the other half the stimuli were
different. The subjects were not informed about this beforehand. Since
each stimulus could be compared with only one similar stimulus and
a number of different stimuli, the subject could expect a large number
of comparisons with different stimuli. When the subject was not certain
about the answer, the answer chosen more frequently was probably that
the stimuli were different. This was perhaps also the cause of errors in

" the comparison of the same stimuli.

We thank Prof. Wanda Budohoska and Prof. Richard Davidson for comments.
This investigation was supported by Project CPBP 04.01 of the Polish Academy
of Sciences.



278

10.

11.
12.
13.

14.

15.
16.

17.

18.
19,

20.

REFERENCES

BRADSHAW, J. L., NETTLETON, N, C. and PATTERSON, K. 1973. Identifica-
tion of mirror-reversed and non-reversed facial profiles in same and oppo-
site fields. J. Exp. Psychol. 99: 42-48.

. BRIGGS, G. G. and NEBES, R. D. 1975. Patterns of hand preference in a stu-

dent population. Cortex 11: 230-238.

BROMAN, M. 1978. Reaction-time differences between the left and right
hemispheres for face and letter dlscrlmmatlon in children and adults.
Cortex 14: 578-591.

CZACHOWSKA-SIESZYCKA, B, LUCZYWEK, E., SOBOTKA, S. and BUDO-
HOSKA, W. 1985. Sensory memory in the two hemispheres in normal
and epileptic patients with surgical brain lesions. Pol. Psychol. Bull. 16:
67-75.

CZACHOWSKA-SIESZYCKA, B. and SZELAG, E. 1985. Opposite visual he-

mispheric superiorities in processing of verbal material. Pol. Psychol., Bull.
16; 87-97. .

DeRENZI, F.,, SCOTTI, G. and SPINNLER, H. 1969. Perceptual and assoc1at1ve
disorders of visual recognition. Neurology 19: 634-642.

ELLIS, H. D. and SHEPHERD, J. W. 1975. Recognition of upright and in-
verted faces presented in the left and right visual fields. Cortex 11: 3-7.

GILBERT, C. 1977. Non-verbal. perceptual abilities in relation to left-handed-
mness and cerebral lateralization. Neuropsychologia 15: 779-792. :

HANNAY, H. J. and ROGERS, J. P, 1979. Individual differences and asym-
metry effects in memory for unfamiliar faces. Cortex 15: 257-267.

HANSCH, E. C. and PIROZZOLO, F. J, 1980. Task relevant effects on the
assessment of cerebral specialization for facial recognition. Brain Lang.
10: 51-59.

HECAEN, H. and AUGELERGUES, D. 1962. Agnosia for faces (prosopagnosia).
Arch. Neurol. 7: 92-100.

HILLIARD, R. D. 1973. Hemispheric laterality effects on a facial recognition
task in normal subjects. Cortex 9: 246-258.

JONES, B. 1979. Sex and visual fields effects on accuracy and decision making
when subjects classify male and female faces. Cortex 15: 551-560.

KLEIN, D., MOSCOVITCH, M. and VIGNA, C. 1976. Attentional mechanisms
and perceptual asymmetries in tachistoscopic recognition of words and
faces. Neuropsychologia 14: 55-66.

KUTAS, M. and HILLYARD, S. A. 1982. The lateral distribution of event-re-
lated potentials during sentence processing. Neuropsychologia 20: 579-590.

LEEHEY, S. C. and CAHN, A. 1979. Lateral asymmetries in theé recognition
of words, familiar faces and unfamiliar faces. Neuropsychologia 17: 619-628.

LEEHEY, S. C., CAREY, S., DIAMOND, R. and CAHN, A. 1978. Upright and
inverted faces: The right hemisphere knows the difference. Cortex 14:
411-419.

LEVY, J., TREVARTHEN, C. and SPERRY, R. W. 1972. Perception of bilateral
chimeric figures following hemisphere deconnection. Brain 95: 61-78.
LEY, R. G. and BRYDEN, M. P. 1979. Hemispheric differences in processing

emotions and faces. Brain Lang. 7: 127-138.
MARZI, C. A. and BERLUCCHI, G., 1977. Right visual field superiority for



21.

22.

23.

24.

25.

26.

27.

28.

29.
30.
31.

32.

33.

34.

35.

36.

317.

38. .

279

:;:furacy of recognition of famous faces in normals. Neuropsychologia 15:

-756.

MARZI, C. A, BRIZZOLARA, D., RIZZOLATTI, G., UMILTA, C. and BER-
LUCCHI, G. 1974. Left hemisphere superiority for the recognition of well
known faces. Brain Res. 66: 358-359.

MARZI, C., Di STEFANO, M., TASSINARI, G. and CREA, P. 1979. Iconic
storage in the’two hemispheres. J. Exp. Psychol. Hum. Percept. Perf. 5:
31-41.

MILNER, B. 1968. Visual recognition and recall after right temporal lobe ex-
cision in man. Neuropsychologia 6: 191-209,

MOSCOVITCH, M. and KLEIN, D. 1980. Material specific perceptual inference
for visual words and faces: Implications for models of comparity limita-
tions, attention and laterality. J. Exp. Psychol. Hum. Percept. Perf. 6:
590-604.

MOSCOVITCH, M., SCULLION, D. and CHRISTIE, D. 1976. Early vs late stage
of processing and their relation to functional hemispheric asymmetries
in face recognition. J. Exp. Psychol. Hum. Percept. Perf. 2: 401-416.

NEVILLE, H. J. 1980. Event-related potentials in neuropsychological studies
of language. Brain Lang. 11: 300-318.

ORNSTEIN, R., JOHNSTONE, J., HERRON, J. and SWENCIONIS, C. 1980.
Differential right hemisphere engagement in visuospatial tasks. Neuropsy-
chologia 18: 49-64.

PATTERSON, K. and BRADSHAW, J. L. 1975. leferentlal hemispheric media-
tion of nonverbal visual stimuli. J. Exp. Psychol. Hum. Percept. Perf. 1:
246-252,

PHIPPARD, D. 1977. Hemifield differences in visual perception in deaf and
hearing subjects. Neuropsychologia 15: 555-561.

PIAZZA, D. 1980. The influence of sex and handedness in the hemispheric
specialization of verbal and nonverbal tasks. Neuropsychologia 18: 163-176.

PIROZZOLO, F. J. and RAYNER, K. 1979. Cerebral organization and reading
disability. Neuropsychologia 17: 485-491.

POTTER, D. D., PARKER, D. M. and ELLIS, H. D. 1987. Processing negativities
in a complex pattern recognition task: an event-related potential study.
Neurosci. Lett. (Suppl.) 29: 133.

PRESTON, M. S. 1977. The use of evoked response procedures in studies of
reading disability. In H. Begleiter (ed.), Evoked brain potentials and beha-
viour. Vol. 2. Plenum Press, New York, p. 247-268. /

RAPCZYNSKI, W. and EHRLICHMAN, H. 1979. Opposite visual hemifield
superiorities in face recognition as a function of cognitive style. Neuro-
psychologia 17: 645-652.

RACZYNSKI, W. and EHRLICHMAN, H. 1979. EEG asymmetries in recognition
of faces: comparison with a tachistoscopic technique. Biol. Psychol. 9:
163-170.

REBERT, C. S. and LOWE, R. C. 1980. Task-related hemispheric asymmetry of
continguent megative variation. Prog. Brain Res. 54: 776-781.

REYNOLDS, D. and JEEVES, M. A. 1978. A developmental study of hemisphere
specialization for recognition of faces in normal subjects. Cortex 14:
511-520.

RIZZOLATTI, G. and BUCHTEL, H. A, 1977. Hemispheric superiority in RT
to faces: a sex difference. Cortex 13: 300-305.

5 — Acta Neurobiol. Exp. 5/89



280

39. RIZZOLATTI, G., UMILTA, C. and BERLUCCHI, G. 1971. Opposite superiori-
ties of the right and left cerebral hemispheres in discriminative reaction
time to physiognomical and alphabetical material. Brain 94: 431-442.

40. SMALL, M. 1983. Asymmetrical evoked potentials in response to face stimuli.
Cortex 19: 441-450. )

41. SOBOTKA, S., PIZLO, Z. and BUDOHOSKA, W. 1984. Hemispheric differen-
cés in evoked potentials to pictures of faces in the left and right visual
fields. Electroencephal. Clin. Neurophysiol. 58: 441-453.

42. STRAUSS, E. and MOSCOVITCH, M. 1981. Perceptual asymmetries: in proces-
sing facial expressions and facial identity. Brain Lang. 13: 308-332.

43. SUBERI, M. and McKEEVER, W. F. 1977. Differential right hemispheric me-
mory storage of emotional and nonemotional faces. Neuropsychologia 15:
757-768. ’

44."VELLA, E. J, BUTTLER, S. R. and GLASS, A. 1972. Electrical correlates of
right hemisphere function. Nature (Lond.) 236: 125-126.

45. WARRINGTON, E. K. and JAMES, M. 19867. Disorders of visual perception in
patients with localized cerebral lesions. Neuropsychologia 6: 253-266.

46. YOUNG, A. W. and BION, P.-J. 1980. Absence of any developmental trend
in right hemisphere superiority for face recognition. Cortex 16: 213-221.

47. YOUNG, A. W. and ELLIS, H. D. 1976. An experimental investigation of de-
velopmental differences in ability to recognize faces presented to the
left and right cerebral hemispheres. Neuropsychologia 14: 495-498.

48. ZOCCOLATTI, P. and OLTMAN, P. K. 1978. Field dependence and lateralization
of verbal and configurational processing. Cortex 14: 155-163.

Accepted 29 March 1989



