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EEG CORRELATES OF EMOTIONAL TASKS RELATED TO ATTENTIONAL DEMANDS
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This research brings together two separate areas: (1) that of EEG processes associated with positive and negatively valenced
emotional material; and (2) that of traditional psychophysiological research related to the “intake” and “rejection” of environmental
stimuli. Forty males on each of two days were presented with tasks reflecting both attentional demands and affectual processing.
Heart rate and bilateral EEG measures from frontal, parietal and temporal sites were recorded. Using a FFT (fast Fourier transform)
electrocortical activity in the 2—7 Hz, 8-15 Hz, and 16-24 Hz was determined and analyzed. The results suggest emotional valence
(i.e. positive and negative) and attentional demands (i.e. intake vs rejection) are differentially represented in terms of EEG
functioning. An interaction of attentional demand with hemisphere was found for EEG alpha activity in the temporal and parietal
areas. For emotional valence there was a significant main effect for EEG beta activity in both the temporal and parietal areas.
Differential hemispheric activity was found using a factor analytic technique (PARAFAC) with positively valenced tasks being

associated with right temporal beta. Heart rate changes for the attentional dimension were consistent with previous research.

INTRODUCTION

Support has accumulated from various sources
to suggest that lateralized central nervous system
activity and emotionality are functionally related
(Tucker, 1981). Unilateral lesion research indicates
the importance of an intact right hemisphere for
the accurate interpretation of affective stimuli
(Wechsler, 1973; Heilman et al., 1975). Wechsler
(1973) reported that the right hemisphere served a
critical role in the ability to recall emotionally
charged material presented in a verbal fashion.
Likewise, Heilman et al. (1975) demonstrated that
patients with right hemisphere dysfunctions expe-
rienced relative impairment in the comprehension
of affective speech patterns and greater difficulty
in determining the emotional mood of speakers.
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Although the right hemisphere is clearly im-
plicated in emotional processing, other research
suggests bilateral hemispheric involvement (cf.
Sackeim et al., 1982). Unilateral sodium amytal
injections (Perria et al., 1961; Terzian, 1964) and
unilateral brain lesions (Hecaen, 1962; Gainotti,
1969; Gainotti, 1972) suggest that left hemisphere
trauma may precipitate a catastrophic depressive
reaction in contrast to trauma to the right hemi-
sphere which evokes a more euphoric reaction.
Robinson et al. (1984) have reported differential
anterior /posterior as well as hemispheric involve-
ment with mood disorders. In an examination of
stroke patient groups, Robinson et al. found that
patients with left frontal lesions reported signifi-
cantly more severe depression whereas less depres-
sion was noted in patients with lesions in the
posterior left hemisphere. A different pattern was
seen in the right hemisphere with depression being
more pronounced in patients with lesions in the
right posterior areas while patients with anterior
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lesions were more cheerful.

Research with neurologically intact subjects has
also suggested differential hemispheric activity in
terms of emotionality. Safer and Leventhal (1977)
employed a dichotic listening paradigm and re-
ported greater right hemispheric involvement with
subjective /emotional information. Sackheim et al.
(1978) had subjects judge facial expression and
interpreted their results to suggest right hemi-
sphere involvement in the recognition of emotions.
Recording lateral eye movement, Schwartz et al.
(1975) suggested greaier right hemisphere involve-
ment was associated with the recall of facts about
emotional experiences or the differentiations of
emotional words.

Electrocortical research has also suggested dif-
ferential hemispheric activation related to emo-
tionality with both psychiatric (Flor-Henry, 1979)
and normal populations (Harman and Ray, 1977;
Davidson et al., 1979; Ehrlichman and Weiner,
1980; Tucker et al., 1981) using a variety of emo-
tionally valenced tasks. The particular emotional
valence associated with each hemisphere has varied.
For example, Harman and Ray (1977) reported
differential hemispheric changes over time with
the recall of positive and negative past events. Left
hemisphere power (3—-30 Hz) increased during the
positive affect condition and decreased during the
negative affect condition. Using similiar tasks,
Ehrlichman and Weiner (1980) showed greater
right hemispheric activation during positive emo-
tional tasks. Both of these studies reported EEG
activity recorded from temporal locations. While
watching a television show, Davidson et al. (1979)
required subjects to subjectively rate using a pres-
sure-sensitive device how well they liked /disliked
various parts of the program. Bilateral frontal and
parietal EEG activity in the alpha range was com-
pared during liked and disliked segments. The
results indicated relatively greater right frontal
alpha activity during liked segments and relatively
greater left frontal alpha activity during disliked
segments. No significant differences were reported
for parietal activity. Tucker et al. (1981) used a
mood induction procedure and then presented
subjects with cognitive tasks. These results were
interpreted similiar to Davidson et al’s (1979)
since negative mood was associated with greater

left frontal EEG alpha.

Since the EEG studies examining emotion,
mood and preference have used a variety of tasks
and procedures involving different frequency
bands and areas of the cortex, it remains unclear
as to whether or not the discrepant EEG results
may be attributed to variation in the EEG mea-
sures being recorded (e.g. different frequency
bands), the manner in which different areas of the
cortex (e.g. frontal, parietal and temporal) are
involved in the processing of emotional material,
or the task requirements themselves (e.g. the par-
ticular emotional task in which subjects are en-
gaged). The present study is an initial attempt to
clarify these issues.

Not only do we need to consider the method-
ological issues in EEG research but also the un-
derlying theoretical implications. Since EEG re-
search has historically been based on an arousal
model it is surprising that more attention has not
been paid to the implications of this underlying
theory for EEG research. Historically arousal and
emotionality have been viewed as related if not
similiar processes. The traditional approach to
emotionality and arousal has assumed a unitary
continuum of arousal (e.g. Duffy, 1962). In EEG
research the common assumption has been that
alpha activity reflects arousal and has an inverse
relationship with mental processes (Adrian and
Matthews, 1934). Alpha has also been assumed to
co-vary inversely with beta. However, there are
reasons to suggest this simple view of EEG activity
offers a limited perspective. There also exists em-
pirical evidence to suggest that alpha activity and
beta activity are not always inversely related
(Daniel, 1965).

General theoretical presentations have been
made suggesting the replacement of the unitary
arousal model with a more differentiated one dis-
tinguishing motor, perceptual and cognitive in-
volvement (Kahneman, 1973). Posner (1975) sug-
gested an information processing approach based
on an attentional model which differentiates alert-
ness, selection of information, and degree of con-
scious effort. Pribram (1981) related emotion to
neuropsychological processes referred to arousal,
activation and effort, each of which may be re-
flected in EEG activity. Although these models



differ in particular aspects, Tucker and William-
son (1984) have recently suggested an underlying
similarity of processes represented in these models
related to hemispheric functioning. This is particu-
larly relevant to the present research as it suggests
a rationale for differentiation of emotional /feeling
processes from attentional factors involved in
specific tasks.

Following Darrow (1929) and Lacey (1967) a
distinction can be made between two types of
attentional tasks. The first type Lacey referred to
as “intake” tasks involving passive observation of
environmental stimuli. The second type Lacey
called “rejection” tasks such as mental arithmetic
in which a person must “reject” external input
which might interfere with the task. Different
cardiovascular responses are associated with in-
take (heart rate deceleration) and rejection tasks
(heart rate acceleration) (Lacey et al., 1963). On
the physiological level the Laceys (Lacey and
Lacey, 1978) have suggested a link between auto-
nomic arousal as represented by cardiovascular
functioning and cortical arousal as represented by
electrocortical measures involving baroreceptor ac-
tivity in the carotid sinus. Walker and Sandman
(1979) have investigated changes in average evoked
potentials (AEP) and heart rate and report that
heart rate changes are differentially reflected in
the two hemispheres with lower heart rate being
associated with greater amplitude right hemi-
spheric AEPs and higher heart rate associated with
larger amplitude left hemsiperic AEPs. Since pre-
vious research has demonstrated that the atten-
tional demands of specific tasks are related to
cardiovascular responding, and since cardiovascu-
lar responding may differentially affect electro-
cortical activity, it is imperative that attentional
factors be considered in understanding EEG corre-
lates of emotional processing.

The previous discussion raises two general ques-
tions related to the EEG correlates of emotional
and attentional factors which will be addressed in
this present study. First, are positive and negative
emotionally valenced tasks distinguished by bi-
lateral EEG activity at specific sites and at differ-
ent frequencies? And second, do attentional fac-
tors influence EEG activity independent of the
emotional valence of the task?

35
METHOD

Subjects

Subjects for this study were 40 right-handed
males of college age. Handedness was assessed by
an 18 item questionnaire adapted from the items
reported by Rackowski et al. (1974). No subject
reported a history of familial sinistrality.

Procedure

Subjects completed the experimental procedure
on each of two separate days. The second day
differed from the fist only in order of task presen-
tation. Subjects were randomly assigned to one of
four separate orders of task presentation. Each
day subjects received 8 separate tasks reflecting
both attentional demands and affectual processing.
The attentional factor reflected either internal at-
tentional focus (e.g. remember an event from your
past) or external attentional focus (e.g. look at a
picture). Each of these attentional demand tasks
also reflected either positive or negative affectual
valence. The internal attentional focus (“reject
tasks”) included tasks similar to those used by
Harman and Ray (1977) and Ehrlichman and
Weiner (1980). These four tasks required that the
subject recall pleasant and unpleasant events from
their past as well as imagine future pleasant and
unpleasant events. The external focus (“intake
tasks”) involved the presentation of slides gener-
ally considered to involve positive (Hare et al.,
1971; Ekman and Friesen, 1975) or negative affect
(Safer, 1981). These slides included landscapes,
happy faces, sad faces, and accident scenes. Dur-
ing all tasks subjects were instructed to keep their
eyes open and to focus on the screen in front of
them. The duration of each task presentation was
30 s.

Apparatus

Subjects were tested in an experimental room
(approx. 3.5x2.1 m) seated in a comfortable
lounge chair with the projection screen placed 1.5
m in front of the subject. Slides were projected
through a one-way window located behind the
chair. A low wattage lamp was on the room at all
times. EEG electrodes (Ag/AgCl) were attached
to the subject using an elastic cap with fixed
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connectors at the standard sites. Heart rate elec-
trodes were attached on each side of the body
above the rib cage a few inches above the waist
line. Mean inter-beat intervals were calculated for
each task. The EEG was recorded bilaterally from
the frontal (F3 and F4), temporal (T3 and T4),
and parietal (P3 and P4) areas referenced to linked
ears with less than 5000 £ impedance. The EEG
and heart rate signals were amplified by a Beck-
man R611 polygraph and the EEG analyzed on-
line by a Fourier transform (FFT) program run-
ning on a PDP 11/34 computer sampling ap-
proximately 100 times /s /channel. Three frequency
bands were calculated (2-7 Hz, 8-15 Hz and
16-24 Hz) and used in the analyses. Paper records
were inspected for artifact control at the time of
the experiment and later independently inspected
by two other individuals. A three-mode factor
analytic technique (PARAFAC) was also used to
check for extreme individual EEG data.

RESULTS

The results are based on analyses of variance
with days (2), attentional focus (internal-external),
valence (positive-negative) and hemisphere as
within subject variables. Separate analyses were
performed for each frequency band by site (fron-
tal-parietal-temporal). There were no main effects
for days and this factor will not be discussed
further.

Statistically significant interactions were pre-
sent between the attentional focus and hemisphere
factors in the temporal (F) 3o = 10.068; P < 0.003)
and parietal (F) 3o =10.891; P <0.002) areas for
the middle frequency band (8-15 Hz). The results
for both parietal and temporal data were similiar
with more activity (higher FFT power) noted dur-
ing internal than external tasks and the right hemi-
sphere showing greater between task differences
than the left hemisphere. These data are plotted in
Figs. 1 and 2. There were no additional significant
interactions involving hemisphere except for a low
frequency (2-7 Hz) three-way interaction involv-
ing attention, emotional valance, and hemisphere
in the frontal areas (Fj ;5 =4.994; P <0.031). All
data are presented in Table I. The main effect for
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Fig. 1. FFT power in the alpha range (8—15 Hz) for left and
right temporal areas during intake and rejection tasks.

the attentional factor was significant for all three
sites in the middle frequencies (8-15 Hz; frontal:
Fla = 35799; P < 0.0001; parietal: Fj; =
47.378; P < 0.0001; temporal: F| ;= 46.443; P <
0.0001) and in the upper fregencies (16-24 Hz.;
frontal: Fj 5, =13.813; P <0.001; parietal: F 3
= 54.976; P <0.0001: temporal: F, 3, =20.721;
P < 0.0001). The attention main effect was also
found for the low frequencies (2-7 Hz) in the
parietal areas (F; ;4= 5.407; P <0.025). In each
of these cases there was more activity (higher FFT
power) during the internal than the external tasks.
There was also a significant main effect for emo-
tional valence (positive-negative) in the temporal
(Fl2=791; P<0.008) and parietal (f];5=
6.328; P <0.016) areas in the upper frequency
band (16-24 Hz). In these cases there was more
activity (higher FFT power) during positive than
negative tasks. These effects were independent of
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Fig. 2. FFT power in the alpha range (8-15 Hz) for left and
right parietal areas during intake and rejection tasks.
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hemisphere. Significant main effects for hemi-
sphere were found in the beta frequencies for the
parietal (F,;,=4.534; P <0.04) and temporal
(F 39 =13.216; P <0.001) areas; in the alpha fre-
quencies for the parietal (F) 30 = 6.158; P < 0.018)
and temporal (F| 3o = 17.751; P < 0.001) areas and
in the low (2-7 Hz) frequencies for the temporal
(F39=19.477; P <0.0001) and frontal (F) 3=
4.286; P <0.045) areas. In all cases there was
greater power in the right hemisphere.

In order to examine the relationship between
the tasks and EEG activity in the various bands, a
three-mode factor analytic technique (PARAFAC)
was used (see Harshman and Berenbaum, 1981,
for a description of this technique). Briefly
PARAFAC describes the different relative
involvement of EEG in relation to three separate
modes: (1) left and right frontal, temporal and
parietal sites; (2) the eight tasks on each of two
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TABLE 1

FFT power for frontal, temporal and parietal areas

Tasks
Reject Reject Intake Intake
positive negative positive negative
Theta and Delta (2-7 Hz)
Frontal
F3 4964 5334 4555 4949
F4 5847 5653 4893 5472
Temporal
T3 1890 1798 1665 1801
T4 2716 2675 2339 2554
Parietal
P3 3205 3263 2755 2921
P4 3426 3444 2880 3065
Alpha (8-15 Hz)
Frontal
F3 3222 3127 1738 1755
Fa 3175 3043 1644 1696
Temporal
T3 2354 2189 1316 1224
T4 3594 3481 1890 1882
Parietal
P3 7399 7025 2748 2696
P4 9144 8701 3213 3181
Beta (16-24 Hz)
Frontal
F3 548 524 453 447
F4 589 554 468 479
Temporal
T3 487 384 339 283
T4 809 543 582 462
Parietal
P3 523 478 354 336
P4 576 532 383 370

NOTE: FFT power values divided by 100,000.

days; and (3) the 40 subjects. The subject mode
allowed us to determine if any given subject con-
tributed differently from the others and thus rep-
resented an outlier. Data from this third mode wiil
not be formally presented in this report. The data
presented in this report relate to alpha and beta
activity. Because of the magnitude differences be-
tween alpha and beta activity, a separate analysis
was performed for each. In terms of alpha activity,
a simple structure emerged with the greatest vari-
ance being accounted for by a factor involving
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TABLE 2
PARAFAC analyses

Measure Factors involving tasks under study
Alpha Beta
Site
F3 0.60 0.03
F4 0.59 0.16
T3 0.40 0.60
T4 0.68 2.36
P3 1.47 0.09
P4 1.59 0.20
Task
Day 1
REJECT
Positive (past event) 0.97 1.76
Positive (future) 0.99 2.02
Negative (past) 1.11 0.60
Negative (future) 1.04 0.46
INTAKE
Positive (landscape) 0.35 0.92
Positive (face) 0.45 1.24
Negative (face) 0.43 0.20
Negative (accident) 0.34 0.70
Day 2
REJECT
Positive (past) 1.61 1.38
Positive (future) 1.67 1.06
Negative (past) 1.45 0.58
Negative (future) 1.60 0.17
INTAKE
Positive (landscape) 0.44 0.71
Positive (face) 0.59 1.14
Negative (face) 0.60 0.01
Negative (accident) 0.45 0.38

Note: these are the first factors extracted from two separate
PARAFAC s, one with alpha and one with beta.

rejection tasks and the left and right parietal areas.
In terms of beta activity a factor emerged involv-
ing positive emotional tasks which was associated
with right temporal activity. These data are pre-
sented in Table I1.

As a manipulation check, heart rate data were
compared across the conditions in the study. The
differences between the intake and rejection tasks
were significantly different (F),3=39.14; P <
0.0001) with higher heart rates being found on the
rejection tasks.

DISCUSSION

The results of this study suggest that emotional
valence (i.e. positive and negative) and attentional
demands (i.e. intake and rejection) are differen-
tially represented in terms of EEG functioning. In
general alpha activity (8-15 Hz) showed differen-
tial hemispheric involvement in relation to the
intake /rejection dimension. This pattern was pre-
sent in the temporal and parietal areas for the
Fourier data but not in the frontal areas. The
PARAFAC analysis also pointed out strong in-
volvement of parietal alpha activity with the atten-
tional dimension. On the other hand, the beta
frequencies (16-24 Hz) were sensitive to the emo-
tional valence of the task as well as the attentional
dimension. As would have been predicted by pre-
vious cardiovascular research, there was a signifi-
cant difference in heart rate between intake and
rejection tasks with the intake tasks showing a
lower heart rate.

Since the intake/rejection difference appeared
in both heart rate and alpha activity in the present
study, this raises the question of a possible rela-
tionship between cardiovascular activity and hemi-
spheric alpha. Recent research (Walker and
Walker, 1983) suggests one possibility. Walker and
Walker reported a relationship between EEG ac-
tivity and carotid pressure. The results of their
study showed that readings from the carotid artery
were time locked to the rhythmic oscillations of
the EEG, especially in the alpha band. This sug-
gested that cardiac activity plays a role in synchro-
nizing alpha. It might also be speculated that it is
through this mechanism that cardiovascular activ-
ity has an inhibitory effect on cortical processing.
The particular candidate for such a mechanism
would be the baroreceptor system since research
with animals has shown baroreceptor stimulation
produces cortical and behavioral inhibition
(Bonvallet et al., 1954; Bonvallet and Allen, 1963;
Dworkin et al., 1979). With humans Lacey and
others have speculated a link between cardiovascu-
lar changes in response to intake and rejection
tasks and this system. Thus, it is possible that
increased alpha during rejection tasks in this pre-
sent study was associated with such a mechanism
whose purpose was to reduce unneeded external



stimulation and allow for more efficient internal
processing (e.g. recall of past events).

In terms of emotionality the PARAFAC analy-
sis suggested a unique involvement of the right
temporal areas in positive emotionally valenced
tasks. From Table II it is possible to note that all
positive tasks, both intake and reject, across both
days are loaded with right temporal lobe beta.
This is particularly interesting since this study held
the processing demands of the positive and nega-
tively valenced tasks constant. In other words,
recalling a positive or negative event from one’s
past should require similiar cognitive processes
and should not require overt or differential motor
responses. Likewise attending to a face displaying
positive or negative emotional expression should
involve similiar task requirements. Thus EEG ac-
tivity in the present study may be seen to reflect
more than just motor task requirements as has
been suggested previously (Gevins et al., 1979).
We also found similiar results along the emotional
dimension from both the intake and rejection tasks
in the present study, which suggests both the per-
ception of emotion in the intake tasks and the
emotional valence memory tasks in the rejection
condition are reflecting the same underlying emo-
tional process.

The contribution of the right temporal area to
those processes involving positive emotionality are
intriguing seen in the light of research with tem-
poral lobe epilepsy. Patients with right temporal
lobe epilepsy have described themselves as more
elated than patients with left temporal lobe epi-
lepsy who described themselves as more angry,
paranoid, and dependent (Bear and Fedio, 1977).
Thus in both the Bear and Fedio study and the
present one there is a suggestion that the subjec-
tive experience of negative emotion or mood in-
volves the left temporal areas whereas the subjec-
tive experience of positive affect involves the right
hemisphere. However, the situation may be more
complicated for in the Bear and Fedio study the
appearance of emotional behavior produced a dif-
ferent relationship. The same right temporal lobe
patients who described themselves as more elated
were described by raters as being more emotional
and displaying periods of sadness. The left tem-
poral lobe group on the other hand described
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themselves as more negative yet were described by
others as more ideational and contemplative. Thus,
there exists the possibility that subjective emotion
as experienced by the person and expressive emo-
tion as observed by another person may lead to
differing and opposite conclusions concerning dif-
ferential hemispheric involvement in emotionality.
Since the appearance of emotional responding was
not considered in the present research, an interest-
ing possibility in a future study would be to allow
for this condition.

Along this line, it is possible that the Tucker et
al. (1981) induction of a mood and the Davidson
et al. (1978) reporting of subjective ratings of
liking also invoked a different emotional dimen-
sion from that tapped in the present study. A case
for this possibility can be made empirically since
both the Tucker and the Davidson research found
EEG hemisperic differences in the frontal areas
whereas the present as well as previous research
(Harman and Ray, 1977) from this and other labs
(e.g., Ehrlichman and Weiner, 1980) reported bi-
lateral temporal EEG differences. The exception in
the present study was the significant interaction
found in the frontal areas for low frequency (2-7
Hz) EEG activity. The meaning of this interaction
is unclear at this time. Future research is needed to
address types of emotional activity at both sep-
arate frequencies and separate sites. Perhaps, there
exist separate aspects of emotional processing dif-
ferently reflected in the brain. The first aspect
would be a subjective dimension in the emotional
“flavor” of the task (e.g., remembering happy or
sad events) which is reflected in the temporal area.
The second aspect might be an evaluation factor
(e.g. rate the pleasantness of a TV program) re-
flected in the frontal areas. There may also exist
the possibility of a third factor which would reflect
an expressive dimension of emotion which would
serve to communicate with others and which must
on some level involve the motor and language
areas of the brain. To date, research addressing
this third area of emotional expression has used
electromyographic rather than electrocortical mea-
surements. However, future research combining
both EMG and EEG approaches should prove
fruitful.

The results from the present study also are
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consistent with a previous parallel study from this
lab using cognitive tasks (Ray and Cole, 1984). In
this cognitive study, parietal alpha activity also
reflected attentional demands (i.e. intake and re-
jection) whereas parietal beta activity reflected
hemispheric tasks (i.e. analytic and synthetic tasks).
Thus in research using both emotional and cogni-
tive tasks, it is possible to conclude that alpha
reflects attentional factors although it is not possi-
ble at this time to suggest which aspects of atten-
tion (i.e. perceptual, motor preparation, etc.) are
represented by alpha activity. It is also possible to
suggest that the emotional valence of a task is seen
in more posterior beta activity. The exact mecha-
nism involved again waits to be described. How-
ever, in light of the results of the present study it
becomes important that we reconceptualize the
traditionally held view of EEG alpha as reflecting
arousal as well as attempt better conceptualiza-
tions of our constructs of arousal, attention, and
emotionality.

REFERENCES

Adrian, E.D. and Matthew, B.H.C. (1934) Berger rhythm:
potential changes from the occipital lobes of man. Brain
57: 355--385.

Bear, D.M. and Fedio, P. (1977) Quantitative analysis of inter-
ictal behavior in temporal lobe epilepsy. Arch. Neurol., 34:
454-467.

Bonvallet, M. and Allen, M.B. (1963) Prolonged spontaneous
and evoked reticular activation following discrete bulbar
lesions. Electroencephalogr. Clin. Neurophysiol. 15: 969-988.

Bonvallet, M., Dell, P. and Hiebel, G. (1954) Tonus sym-
pathique et activite electrique corticale. Electroencephalogr.
Clin. Neurophysiol. 6: 119-144.

Daniel, R.S. (1965) Electroencephalographic pattern quanti-
fication and the arousal continuum. Psychophysiology, 2:
146-160.

Davidson, R., Schwartz, G., Saron, C., Bennett, J. and Gold-
man, D. (1978) Frontal versus parietal EEG asymmetry
during positive and negattve affect. Psychophysiology, 16:
202-203.

Darrow, C.W. (1929) Differences in the physiological reactions
to sensory and ideational stimuli. Psychol. Bull. 26: 185-201.

Duffy, E. (1962) Activation and Behavior, Wiley, New York.

Dworkin, B.R., Filewich, R.J., Miller, N.E., Craigmyle, N. and
Pickering, T.G. (1979) Baroreceptor activation reduces reac-
tivity to noxious stimulation: implications for hypertension.
Science, 205: 1299-1301.

Ehrlichman, H. and Weiner, M. (1980) EEG asymmetry during
covert mental activity. Psychophysiology, 17: 228-235.

Ekman, P. and Friesen, W. (1975) Unmasking the Face, Pren-
tice-hall, Englewood Cliffs, NJ.

Flor-Henry, P. (1979) On certain aspects of the localization of
the cerebral systems regulating and determining emotion.
Biol. Psychiar. 14: 677-698.

Gainotti, G. (1969) Reactions “ Catotrophiques” et manifesta-
tions d’indifference au course des atteintes cerebrais. Neu-
ropsychologia, 7: 195-.204.

Gainotti, G. (1972) Emotional behavior and hemisperic side of
the lesion. Cortex, 8: 41-55.

Gevins, A., Zeitlin, G., Doyle, J., Yingling, C.D., Schaffer,
R.E., Callaway, E. and Yeager, C.L. (1979) Electroen-
cephalogram correlates of higher cortical functions. Sci-
ence, 203: 665-668.

Hare, R., Wood, K., Britian, S. and Shadman, J. (1970) Auto-
nomic responses to affective visual stimulation. Psycho-
physology, 7. 408-417.

Harman, D. and Ray, W.J. (1977) Hemispheric activity during
affective verbal stimuli: An EEG study. Neuropsychologia,
15: 475-460.

Harshman, R.A. and Berenbaum, S.A. (1981) Basic concepts
underlying the PARAFAC-CANDECOMP three way fac-
tor analysis model and its application to longitudinal data.
In D.H. Eichorn, P.H. Mussen, J.A. Clausen, N. Haan M.P.
Honzik (Eds.), Present and Past in Middle Life, Academic
Press, New York.

Hecean, H. (1962) Clinical symptomatology in right and left
hemisphereic lesions. In V.B. Mountcastle (Eds.), Inter-
hemispheric Relations and Cerebral Dominance, Johns
Hopkins University Press, Baltimore, MD.

Heilman, K.M., Scholes, R., and Watson, R.T. (1975) Auditory
affective agnosia: disturbed comprehension of affective
speech. J. Neurol. Neurosurg. Psychiar. 38: 69-72.

Kahneman, D. (1973) Attention and Effort, Prentice Hall, New
York.

Lacey, J. (1967) Somatic response patterning and stress: Some
revision of activation theory. In M.H. Appley and R.
Trumbull (Eds.), Psychological Stress: Issues in Research,
Appleton-Century-Crofts, New York.

Lacey, J. Kagan, J., Lacey, B. and Moss, H. (1963) The visceral
level: situational determinants and behavioral correlates of
autonomic response patterns. In P.H. Knapp (Ed.), Expres-
sion of the Emotions in Man, International Universities
Press, New York.

Lacey, B.C. and Lacey, J.I. (1978) Two-way communication
between the heart and the brain. Am. Psychol., 33: 99-113.

Perria, L., Rosadini, G. and Rossi, G.F. (1961) Determination
of side of cerebral dominance with Amobarbital. Arch.
Neurol., 4: 173-181.

Posner, M. (1975) Psychology of attention. In M. Gazzaniga
(Ed.), Handbook of Psychobiology, Academic Press, New
York.

Pribram, K. (1981) Emotions. In S.K. Filskov and T.J. Boll
(Eds.), Handbook of Clinical Neuropsychology, Wiley Inter-
science, New York.

Rackowski, D., Kalat, J. and Nebes, R. (1974) Reliability and
validity of some handedness items. Neuropsychologia, 12:
43-47.



Ray, W.J. and Cole, H.C. (1984) EEG activity during cognitive
processing: influence of attentional factors. Int. J. Psycho-
physiol., Submitted.

Robinson, R., Kubos, K., Starr, L., Rao, K. and Price, T.
(1984) Mood disorders in stroke patients. Brain, 107: 81-93.

Sackeim, H., Gur, R.C. and Saucy, M. (1978) Emotions are
expressed more intensely on the left side of the face. Sci-
ence, 202: 434-436.

Sackeim, H., Greenberg, M., Weiman, A., Gur, R.C., Hunger-
buhler, J. and Geschwind, N. (1982) Hemispheric asymme-
try in the expression of positive and negative emotions.
Arch. Neurol., 39: 210-218.

Safer, M. (1981) Sex and hemisphere differences in access to
codes for processing emotional expressions and faces. J.
Exp. Psychol.: General, 110: 86-100.

Safer, M. and Levental, H. (1977) Ear differences in evaluating
emotional tone of voice and of emotional content. J. Exp.
Psychol.: Human Perception and Performance, 3: 75-82.

Schwartz, G., Davidson, R. and Maer, F. (1975) Right hemi-
sphere lateralization for emotion in the human brain: inter-
actions with cognition. Science, 190: 286-288.

41

Terzian, H. (1964) Behavioral and EEG effects of intracarotid
sodium amytal injection. Acta Neurochir., 12: 230-239.
Tucker, D.M. (1981) Lateral brain function, emotion, and

conceptualization. Psychol. Bull., 89: 19-46.

Tucker, D.M., Stenslie, C., Roth, R. and Shearer, S. (1981)
Right frontal lobe activation and right hemisphere perfor-
mance decrement during a depressed mood. Arch. Gen.
Psychiat. 38: 169-174.

Tucker, D.M. and Williamson, P.A. (1984) Asymmetric neutral
control systems in human self-regulation. Psychol. Rev., 91:
185-215.

Walker, B. and Sandman, K. (1979) Human visual evoked
responses are related to heart rate. J. Comp. Physiol. Psy-
chol., 19: 520-527.

Walker, B.B. and Walker, J. M. (1983) Phase relations between
carotid pressure and ongoing electrocortical activity. Int. J.
Psychophysiol. 1: 65-73.

Wechsler, A.F. (1973) The effect of organic brain disease on
recall of emotionally charged versus neutral narrative text.
Neurology, 23: 130-135.



