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Abstract

EEG correlates of self-generated happy and sad emotions during counterbalanced conditions of waking and hypnosis
were investigated in 16 low (‘lows’) and 15 highly (*highs’) hypnotizable men. as assessed by the Harvard Group Scale of
Hypnotic Susceptibility and the Stanford Hypnotic Susceptibility Scale. Form C. Using log mean spectral magnitude. 11
frequency bands (3.5-42 Hz) were evaluated at frontal (F3. F4). central (C3. C4), and parietal (P3, P4) regions. As
anticipated. only parietal hemispheric differences in low alpha activity (7.5-9.45 Hz) differentiated between emotions.
whereas mid and high alpha activity (9.5-13.45 Hz) did not. There was significantly less low alpha activity in right parietal
(P4) in sad than happy emotions, supportive of prior research showing relatively greater right hemispheric involvement in
negative than positive emotions. Yet, overall there was more low alpha activity in the left parietal (P3) region. During
sadness only in waking, low beta (13.5-15.45 Hz) activity was greater in the right than left frontal region. greater in the left
than right central region, and similar in both hemispheres in the parietal region. As anticipated. in comparison to lows. highs
showed significantly greater hemispheric asymmetries (right greater than left) in the parietal region in high theta (5.5-7:45
Hz). high alpha (11.5-13.45 Hz). and beta activity between 16.5 and 25 Hz - all frequency bands that are associated with
sustained attentional processing. Results support prior research (for reviews. see Crawford, 1994a; Crawford and Gruzelier.
1992) that highs have greater sustained attentional abilities than do lows. which is reflected in different regional brain
dynamics. Future EEG research needs to address narrower EEG frequency bands. as well as consider the moderating effects
of hypnotic susceptibility level in observed hemispheric asymmetries.

Keywords: Emotion: EEG: Electroencephalography: Laterality: Hypnosis: Hypnotic susceptibitity

1. Introduction by regional brain electrical activity and cerebral
metabolism activity (e.g.. Davidson. 1992a.b: Derry-
Basic emotions utilize specific cortical and sub- berry and Tucker. 1992: LeDoux. 1989: Pribram.

cortical brain systems. and have been differentiated 1967, 1981. 1991; Simonov. 1986; Tucker. 1981).
Anterior-posterior regional differences as well as
hemispheric differences in EEG activity have been
noted. Emotionally-laden thoughts associated with

" Corresponding author. e-mail: hjc@vt.edu approach-related and withdrawal-related stimuli that
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are environmentally generated (e.g., watching film
clips) are more likely associated with distinct pat-
terns of left and right frontal and anterior temporal
EEG alpha activity (e.g., for reviews, see Davidson,
1992a,b; Fox, 1994), while recall of past positive
and negative personal emotional events may produce
different patterns of frontal, temporal and parietal
EEG activity (e.g., Harmon and Ray, 1977; Kukiken
and Mathews, 1986-87; Stenberg, 1992; Tucker and
Dawson, 1984). Furthermore, the attentional demand
of external or internal attention focus on emotional
stimuli has led to different brain activation patterns
(Aftanas et al., 1994; Cole and Ray, 1985; Ray and
Cole, 1985; Valentino and Dufresne, 1993).

The importance of the functional asymmetry of
the brain for the organization of emotions I$ com-
monly accepted, although the relative contribution of
the left and right hemispheres is still under dispute
(e.g., Tucker and Williamson, 1984). Observed EEG
asymmetries associated with emotional states may be
moderated by enduring personal traits or states of
affect intensity (Davidson et al., 1990; Tomarken et
al., 1990), repressive and defensive coping styles
(Kline et al., 1994; Lorig et al., 1994-95; Wexler et
al.. 1992), and depression (Davidson et al., 1985;
Dawson et al., 1992; Henriques and Davidson, 1990,
1991; Tucker et al., 1981). Not yet addressed sys-
tematically is the proposal by Levy et al. (1983) that
the large variability in hemispheric activity may be
due. in part, to individual variation in patterns of
asymmetric parietotemporal hemispheric activity.

To investigate further the differential involvement
of the two hemispheres as well as anterior and
posterior regions of the brain during emotion, the
present study examined EEG correlates of self-gen-
erated happy and sad emotional states in both wak-
ing and hypnosis conditions. A wider range of EEG
activity, ranging from 3.5 to 42 Hz, than is typically
addressed in emotion research was evaluated. Fi-
nally, to evaluate how enduring trait differences may
moderate observed EEG activity. subjects were
healthy young adults who differed in levels of hyp-
notic susceptibility — a stable cognitive /personality
trait that has a high test-retest reliability over 25
years (Piccione et al., 1989) and correlates with
imaginal, absorptive and sustained attentional abili-
ties (e.g., Crawford, 1982; Crawford et al., 1993a;
Tellegen and Atkinson, 1974).

1.1. EEG correlates of emotion

Within electrophysiological studies of emotion.
much emphasis has been placed upon the evaluation
of frontal, temporal and/or parietal regions within
the broad alpha frequency range of 8 to 13 Hz with
little consideration of functionally different compo-
nents within the alpha range or of other EEG fre-
quency bands that may be of importance. In this
section, we review prior EEG findings and argue for
the evaluation of narrower EEG frequency bands that
may help elucidate emotional processing.

1.1.1. Alpha activiry (8-13 Hz)

An underlying assumption in emotion EEG re-
search is that increased 8—13 Hz alpha activity is
associated with decreased cortical activity in that
cortical region (Shagass, 1972). and that the relative
contribution of the two hemispheres, and regions
within the hemispheres, to different emotional states
can be inferred by evaluating the relative power of
alpha activity (Davidson, 1992a,b). Thus, as the
alpha rhythm becomes desynchronized (reduces in
amplitude as evidenced by decreased magnitude or
power), greater cognitive and emotional processing
is commonly inferred to occur in that region (for an
excellent discussion of the evolving views of EEG
synchronization and desynchronization. see Barlow.
1993). Less relative alpha power in the right than left
frontal region. and sometimes anterior temporal area.
is correlated with greater dysphoric affect when pro-
cessing film clips. while an opposite relation is
observed in happy affect (Davidson et al., 1990.
1979; Ekman et al., 1990; Jones and Fox, 1992:
Sobotka et al.. 1992; Tomarken et al., 1990). These
findings also suggest that the right hemisphere is
more involved in negative than positive emotions.
Other research points toward parietal involvement
during the recall of personal positive and negative
past emotional experiences or sexual arousal (Collet
and Duclaux. 1987: Tucker and Dawson, 1984: but
see Tucker et al.. 1981).

The present study introduces the discrimination
between low, medium and high alpha activity to
emotion research. Within the standard 8-13 Hz al-
pha band there are functionally different rhythmic
components (e.g.. Barlow, 1993). Factor analytic
work indicates two (Hermann and Schaerer, 1986) or
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three (Andresen et al.. 1984; Iznack, pers. comm.)
discrete alpha frequency band factors. Coppola (1986.
Coppola and Chassey (1986) found a parietal maxi-

mum for a 7-10 Hz band and an occipital maximum .

for a 10~13 Hz band. Research also indicates that
individuals who self-reported poor sustained atten-
tional abilities generated significantly more low al-
pha spectral magnitude than did high sustained atten-
tion subjects while performing tracking or decision-
making tasks, while mid and high alpha bands did
not discriminate between them (Crawford et al.
1995b; Crawford and Vasilescu, 1995c). At higher
alpha (above 10.5 Hz) general mental workload, not
just attention. may lead to desynchronization (Meck-
linger and Bosel. 1989, as in Sterman e al.. 1994:
Pfurtscheller and Klimesch, 1991). Klimesch and his
associates (e.g., Klimesch et al., 1993; for a review.
see Klimesch. 1995) found good memory performers
have a significantly higher mean alpha frequency
than those with bad memory performance. Fluctua-
tions in alertness have a greater effect on lower than
higher alpha frequencies (Gale and Edwards, 1983).
and increased lower alpha activity is associated with
poorer cognitive performance (e.g., Bosel. 1992:
Klimesch et al., 1990). Given these findings, we
anticipated that low alpha activity would be more
likely to discriminate between positive and negative
emotional states than either mid or high alpha activ-

ity.

1.1.2. Theta activiry (3-7.5 Hz)

The theta rhythm has been implicated in emo-
tional and cognitive processes (for reviews. see
Schacter, 1977; Simonov, 1986). Increased theta ac-
tivity has been linked with ‘visceral pleasure’
(Walter. 1959, cited in Stenberg. 1992). and found
during sexual arousal (Cohen et al.. 1976). labora-
tory-induced stress (Schwarz et al.. 1982). and recall
of pleasant and unpleasant personal memories (Sten-
berg. 1992: for a review, see Simonov. 1986). Sten-
berg (1992) found the right lateral frontal (F7) site.
most close to the limbic system of those sites
recorded at the scalp. showed the greatest theta
activity increase during induced emotions. Further-
more. right-lateralized frontal theta was stronger in
high-anxious than low-anxious subjects during re-
called emotional memories (Stenberg. 1992). In-
tracranial stimulations of the cingulate gyrus led to

reports of euphoria that were accompanied by in-
creased theta rhythm activity at the scalp (Talairach
et al.. 1973).

Low and high theta frequency bands may be
associated with, respectively, drowsiness/inactivity
and efficient /attentive performance (for a review.
see Schacter, 1977). Within the broad theta band.
two types of theta were differentiated by Vogel et al.
(1968): (1) *Class I inhibition’, which is associated
with general inactivity and drowsiness, and is more
desynchronized; and (2) *Class II inhibition” which
is more regular and higher in amplitude. and is
associated with cognitive activity (for review. see
Schacter, 1977), and represents "‘a selective inactiva-
tion of particular responses so that a continuing
excitatory state becomes directed or patterned”
(Vogel et al., 1968, p. 172). Distinct theta oscillatory
activity at 6-7 Hz, most predominant at the frontal
midline (Fz) site, has been reported to be associated
with focused cognitive activities (e.g., Katayama et
al., 1992: Laukka et al.. 1995; Nakagawa. 1988).
Theta synchronization is related to the encoding of
episodic information, with amplitude increasing with
increasing task demands (for a review, see Klimesch.
1995).

A robust finding is that highly hypnotizable per-
sons generate more theta power than do low hypnoti-
zables during rest, cognitive performance. and cold
pressor pain dips (e.g., Graffin et al., 1995; Sabourin
et al.. 1990: for reviews, see Crawford. 1994a.b:
Crawford and Gruzelier, 1992), and show increases
in theta production during hypnosis (e.g.. Sabourin et
al.. 1990). The enhanced theta activity among highs
has been proposed to reflect their greater focused
attentional abilities (for a review. see Crawtord.
19943). In a study of cold pressor pain. Crawford
(1990) found highly hypnotizable persons generated
significantly more high theta (5.5-7.5 Hz) than did
lows at frontal. temporal, parietal and occipital re-
gions. Additionally, theta power shifted hemispheric
dominance in the anterior temporal (T3. T4) region
for the highs only when they concentrated on the
pain (left greater than right) and successfully elimi-
nated the perception of pain with hypnotic analgesia
suggestions (right greater than left); lows showed no
significant asymmetries or shifts.

" In the present study we anticipated anterior and
posterior hemispheric differences in low and high
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theta activity during induced emotional conditions.
Furthermore, we anticipated that highly hypnotizable
subjects would generate more high theta magnitude
activity than lows. Given the hemispheric differences
observed during pain and hypnotic analgesia (Craw-
ford, 1990), we also anticipated greater high theta
hemispheric asymmetries favoring the right hemi-
sphere for the highs than lows, particularly in the
parietal region (Levy et al.. 1983).

1.1.3. Beta activity

Higher frequency EEG activity appears in many
cortical areas and may be indicative of different
types of emotional, cognitive and attentional pro-
cesses. Certain beta frequency oscillations found
within specific beta frequency bands are thought to
reflect states of neuronal networking of specific cor-
tical and subcortical cell assemblies during which
cognitive and sensory inputs are being processed and
acted upon (e.g., Basar, 1990; Lopes da Silva, 1991).

Beta activity, particularly in the temporal region.
has been implicated in emotional processing. Ray
and Cole (1985; Cole and Ray, 1985) found temporal
beta (16-24 Hz) activity to be more abundant in
negative than positive emotion. possibly because of a
deeper involvement in the negative emotion. Schell-
berg et al. (1990) reported a trend towards greater
right temporal beta activity (26-45 Hz) in positive
than negative emotion. Stenberg (1992) found higher
right temporal beta activity in positive than negative
emotion condit:ions. Temporal beta has also been
correlated with ratings of pleasure (Matousek et al..
1983). This data supports the model of Heller (1993)
which proposes that the right parietotemporal region
is essential in the overall modulation of emotional
states. Given this. in the present study. we antici-
pated greater right parietal activation in the beta
frequencies, particularly those within the 16 to 25 Hz
range.

Further support for this proposal is found in sev-
eral studies that found that higher activity levels of
16-20 Hz is associated with vigilance in dogs (Lopes
da Silva, 1991; Lopes da Silva et al., 1970). baboon
and squirrel monkeys (Rougeul et al.. 1979). and
humans (Makeig and Inlow. 1993). In the alert cat.
focusing of attention is associated with increased
activity in the 35-45 Hz range in motor and parietal
association areas (Bouyer et al., 1987). While these

studies did not address individual differences, it may
be that those individuals with excellent focused at-
tentional abilities or those who are focusing more
strongly on a task, may show regional enhancements
of beta activity reflective of task activity. Levy et al.
(1983) proposed that the large variability in hemi-
spheric activity may be due, in part, to individual
variation in patterns of asymmetric parietotemporal
hemispheric activity. Since highly hypnotizable indi-
viduals have greater absorptive and focused atten-
tional abilities (see below). one would anticipate
greater hemispheric asymmetries — among those EEG
frequencies associated with focused attention — fa-
voring the right hemisphere during emotional pro-
cessing. particularly in the parietal region (Heller.
1993), among high than low hypnotizables.

A high frequency, low amplitude EEG rhythm
centered around 40 Hz within a narrow band (36-44
Hz) has been found by Sheer and his associates (for
reviews, see Sheer, 1976, 1989) to be a covariate of
focused cognitive activity and uncorrelated with other
beta bands or muscle activity. When the 40-Hz
rhythm synchronizes. alpha desynchronizes and vice
versa (Pfurtscheller et al., 1994). This 40-Hz rhythm
appears to be from localized cortical neurons that
receive thalamic afferents (Steriade et al., 1990) and
has ‘‘been taken to be indicative of a mechanism
linking or temporally coordinating the distributed
cortical representation of stimuli’* (Barlow. 1993, p.
165). Highly hypnotizable subjects showed greater
40-Hz EEG density (that was not correlated with
muscle activity) at both left and right parieto-oc-
cipito-temporal cortex junctions during induced emo-
tional states compared to rest, whereas low hypnotiz-
ables did not. in both nonhypnotic (De Pascalis et
al., 1987) and hypnotic (De Pascalis et al.. 1989)
conditions. Highs showed bilateral hemispheric 40-
Hz density increases during the recollection of posi-
tive emotions. and a reduction of density in the left
and an increase in the region during negative emo-
tions. We anticipated similar findings in the present
study.

The low beta activity within a 13 w0 16 Hz
frequency band has not previously been associated
with emotional processing in the literature. A distinc-
tive 11-15 Hz sensorimotor EEG rhythm. termed the
SMR. is seen in cats during alert quiescence and
presentation of visual or auditory stimuli. with ac-
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companying reduction during movements (for re-
view. see Sterman, 1996; Sterman and Bowersox,
1981). This SMR is localized to the sensorimotor
cortex and found within the ventrobasal thalamic
nuclei of cats. It is analogous to the mu rhythm
observed in humans in the central region (Kuhlman,
1978). A suppression of rhythmic activity in- the
11-15 Hz range occurred during visual tracking in
the temporal-parietal area and during driving perfor-
mance in the central cortex (Mann et al., 1996). In
the present study, we evaluated whether there was a
differential impact of focused internally generated
positive and negative emotional states, during quies-
cence without motoric movement, on beta activity
within the 13 to 16 Hz frequency band.

Given these prior findings, we evaluated EEG
activity during induced emotional conditions in six
beta frequency bands: Beta 13 (13.5-16.45 Hz),
Beta 16 (16.5-19.45 Hz), Beta 19 (19.5-25.45 Hz),
Beta 31 (31.5-37.45 Hz), and the so-called 40-Hz
band (37.4~41.7 Hz).

2. Hypnotic level and hypnosis: possible modera-
tors of emotional asymmetries or intensity

Hypnosis is conceptualized as a condition of am-
plified attention towards and deeper absorption in
attended-to emotional and cognitive phenomena and
events (e.g., Crawford, 1982, 1994a.b; Hilgard, 1965;
Krippner and Bindler, 1974). Hypnotically respon-
sive individuals possess more efficient controlled
attention and inhibitory systems (for reviews, see
Crawford, 1994a. Crawford and Gruzelier, 1992). In
comparison to low hypnotizable persons (‘lows’),
highly hypnotizable persons (‘highs’) often report
and demonstrate greater absorption in everyday
events (e.g.. Crawford. 1982; Crawford et al., 1993a:
Tellegen and Atkinson. 1974; for a review, see Roche
and McConkey, 1990), greater emotional involve-
ment (Crawford, 1989; Crawford et al., 1995a;
Crowson et al.. 1991). greater imaginal involvement
(e.g.. Crawford, 1982; Sheehan, 1982, Wallace. 1990;
for reviews, see Crawford, 1986, 1996: Crawford
and MacLeod-Morgan. 1986), and greater sustained
attentional and disattentional abilities (Atkinson and
Crawford, 1992; Crawford, 1981; Crawford et al.
1993a; Priebe and Wallace, 1986: Wallace, 1986,

1988: Wallace et al,, 1994). These findings have
been interpreted as providing support for the hypoth-
esis that highs possess greater cognitive flexibility
and greater willful sustained and focused attention
that is less vulnerable to distraction (Crawford.
1994a). Furthermore, it has been proposed that such
findings are reflections of differences in underlying
neurophysiological processes, particularly those as-
sociated with the anterior attentional system (e.g..
Crawford, 1989, 1994a,b; Crawford and Gruzelier.
1992: Crawford et al.. 1993a).

During hypnosis, highs show enhanced imaginal
and holistic processing of untransformed information
(e.g.. Crawford, 1986, 1996; Crawford and Allen.
1983; Crawford et al., 1983, 1986; Dywan and Bow-
ers, 1983; Walker et al., 1976; Wallace, 1978). Based
upon the assertion that emotional states induced dur-
ing hypnosis are accompanied by physiological and
phenomenological changes consistent with the type
of suggested emotion, studies have investigated the
effect of hypnotically induced emotions on perceived
intensity (e.g., Bryant and McConkey. 1989), per-
sonality tests (e.g., Hodge and Wagner, 1964: How-
ell and Carlisle, 1971), leaming and recall (e.g..
Bower. 1981; Bower et al., 1981; for a review. see
McConkey, 1989), reaction times (Gaunitz et al..
1980), and physiological functioning (e.g.. Damaser
et al.. 1963; Harris et al., 1993) with mixed results
(for a review, see Friswell and McConkey. 1989). In
a well-designed study comparing low (simulators)
and highly hypnotizable subjects, Damaser et. al.
(1963) demonstrated consistent changes in heart rate.
skin potential and muscle activity in conjunction
with induced emotions of fear, calmness. happiness.
and depression. Most importantly. both highs and
simulating lows demonstrated similar physiological
reactivity in both waking and hypnosis. As previ-
ously discussed, De Pascalis et al. (1987. De Pascalis
et al.. 1989) found hypnotic level differences associ-
ated with induced emotions in 40-Hz activity. Other-
wise, no research has examined EEG correlates of
induced emotions in hypnosis as moderated by hyp-
notic level.

During hypnosis, there are observed shifts in brain
dynamics, dependent upon the task at hand (for
reviews, see Crawford, 1989, 1990, 1994a; Crawford
and Gruzelier, 1992: Gruzelier, 1988), with a possi-
ble inhibition of analytical processing so that there is
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an increase of holistic and imaginal processing of
information that is reflected in hemispheric and ante-
rior-posterior regional shifts (e.g., Gruzelier, 1988).
Greater cognitive flexibility in highs may be corre-
lated with observed greater EEG hemispheric speci-
ficity in certain EEG frequency bands, in nonhypno-
sis and hypnosis conditions (e.g., Crawford, 1989:
De Pascalis and Palumbo, 1986: MacLeod-Morgan
and Lack, 1982; Mésziros and Banyai, 1978;
Mésziros et al., 1989; Sabourin et al., 1990). Highs
commonly generate more theta activity that may be
indicative of more focused attentional abilities (for
reviews, see Crawford, 1994a; Crawford and Gruze-
lier. 1992). Inhibitory processing of painful stimuli
during hypnotically suggested analgesia resulted in
increases in regional cerebral blood flow particularly
in the orbito-frontal region (Crawford et al., 1993b),
shifts in EEG theta frequency band hemispheric
dominance particularly in the anterior temporal re-
gion (Crawford, 1990), and amplitude changes in
somatosensory. pain-related potential in anterior and
posterior regions (e.g., Crawford, 1994b; Spiegel et
al., 1989; for a review, see Crawford and Gruzelier,
1992) and in the anterior cingulate cortex and tempo-
ral cortex (Kropotov et al., in press).

Intensity of affect processing has been associated
with hypnotic susceptibility. Highs report more in-
tense affect when viewing violent films (Crowson et
al., 1991) and when experiencing positive and nega-
tive emotions (Crawford, 1989; Crawford et al.,
1995a). Effects of hypnotic level, affect valence and
cerebral asymmetry on reaction time in the discrimi-
nation of stimuli of angry and happy faces of Ekman
and Friesen (1978) were studied in waking and
hypnosis by Crawford et al. (1995a). Highs were
significantly faster than lows. in.angry and happy
affect recognition in both waking and hypnosis con-
ditions. For highs only, faces with angry emotional
valence were identified faster when presented to the
right (left visual field) than left (right visual field)
hemispheres, while there were no significant hemi-
spheric effects for happy faces. Lows exhibited no
significant asymmetries. Since the right anterior cin-
gulate and bilateral prefrontal and frontal cortex have
been associated with external visual sensory emotion
recognition (George et al., 1993), these differences
may reflect underlying neurophysiological differ-
ences in low and highly hypnotizable persons in the

anterior attentional system that is suggestive of
greater attentional efficiency (faster reaction times)
and hemispheric specificity differences. Since the
right parietal region is associated with reaction time
responses (Heller, 1993), these data also suggest that
the highs may have been more aroused in the right
parietal region (Heller, 1993).

2.1. Aims of present study

In this study, self-induced imagery of past per-
sonal experiences was used to elicit emotional states
because there is much evidence that imagery evokes
quite similar patterns of physiology and self-report
as found in actual situations (Cuthbert et al., 199]:
Damaser et al., 1963: Lang, 1979). Happiness and
sadness were chosen as they appear on most lists of
discrete emotions (e.g.. Ekman, 1992; Ekman and
Friesen. 1975; Watson and Tellegen, 1985) and have
been shown. as reviewed above, to produce specific
and reproducible EEG patterns. Whereas earlier re-
search has often evaluated a broad alpha frequency
band alone or a small range of EEG frequencies, this
study included 11 frequency bands, covering a range
of 3.5 to 42 Hz, recorded at frontal (F3, F4), central
(C3, C4) and parietal (P3, P4) regions. To evaluate
how enduring traits may moderate observed EEG
activity, subjects were healthy young university stu-
dents who differed in hypnotic susceptibility level.
We anticipated that highs would report more intense
and vivid emotional experiences. even more so in
hypnosis than waking, than lows.

It was hypothesized that hemispheric differences
in low alpha activity (7.5-9.45 Hz) would differenti-
ate between self-generated happy and sad emotional
states, but that the higher alpha band activity (9.5-
13.45 Hz) would not. In addition. since they were
self-generated internal images rather than externally
viewed emotional scenes, we anticipated these ef-
fects would occur in the parietal region rather than in
the frontal region. It was hypothesized that there
would be significantly less low alpha in the right
parietal region during sadness than happiness, due to
the right hemisphere's greater involvement in nega-
tive emotions. Since both theta and beta activity have
been associated with emotional processing, as expli-
cated previously, we anticipated possible anterior
and posterior hemispheric differences during the two
induced emotional states.
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Based upon prior hypnosis research, we antici-
pated greater hemispheric asymmetries during the
induced emotional conditions in the highly hypnotiz-
able subjects in comparison to low hypnotizable
subjects. Highs were expected to show greater EEG
asymmetries in those bands shown to be associated
with focused attention (high theta, high alpha, Beta
16, and Beta 19). If Levy et al. (1983) are correct,
then these asymmetries should be most apparent in
the parietal region. Based upon the work of De
Pascalis et al. (1987, De Pascalis et al., 1989 work,
we anticipated greater 40-Hz activity among the
highs than the lows during the emotional conditions.
Given past research. we anticipated highs would
generate more theta than lows. We also evaluated
whether highs would produce more high “alpha and
beta activity between 16 and 25 Hz, since activity in
these frequency bands has been associated with fo-
cused and vigilant processing.

3. Method
3.1. Subjects

Subjects were 31 university undergraduate men
who were in self-reported excellent health with no
known neurological or psychiatric history, not to-
bacco users, not depressed, and under no medication.
They were strongly right-handed, as assessed by the
Annett (1970) Handedness Scale. with no left-handed
or ambidextrous close relatives. Previously all sub-
jects were administered the 12-item Harvard Group
Scale of Hypnotic Susceptibility (Shor and Ome,
1962). and the small group version (Crawford and
Allen. 1982) of the 12-item Stanford Hypnotic Sus-
ceptibility Scale, Form C (SHSS:C; Weitzenhoffer
and Hilgard, 1962). Only those subjects who consis-
tently scored low (0—4) or high (10—12} in hypnotiz-
ability on the two measures participated in the pre-
sent study. Lows did not differ significantly from
highs on either the Beck Depression Inventory (lows:
M =6.53: highs: M =5.79) or the State Anxiety
Scale of Spielberger et al. (1970) (lows: M = 33.81;
highs: M = 35.79). The subjects received extra credit
in their psychology courses or $8 for their participa-
tion. Subjects refrained from caffeine use for at least
4 h prior to the experiment. They were medication-
free.

3.2. Procedure

Subjects were informed that the study involved an
evaluation of brain wave activity, in waking and
following a hypnotic induction, while (1) remaining
rather neutral, (2) re-experiencing a past event that
made them feel very happy, and (3) re-experiencing
a past event that made them feel very sad. Care was
taken to develop rapport with the subjects and put
them at ease. The EEG recording procedures were
described clearly to the subjects and all questions
were answered before the session. After signing the
consent form, subjects filled out the Beck Depression
Inventory and the Spielberger State Anxiety Scale.
Subjects were seated comfortably in a chair in a
sound-attenuated room, with the experimenter ob-
serving through a one-way mirror from an adjoining
room.

Subjects participated in the waking and hypnosis
conditions on the same day, counterbalanced across
subjects. Within waking and hypnosis states, there
were three eyes-closed conditions: (a) neutral relax-
ation. (b) induced happiness, and (b) induced sad-
ness. First, subjects were asked to remain relaxed, let
their thoughts come and go, and be neutral (no
intense emotion). Following this, imagining a very
happy or very sad past event in their lives were
counterbalanced across subjects. After each induced
emotion. subjects were asked to return to a neutral
state and sit quietly, letting their thoughts come and
2o in a neutral manner. Subjects were given a 10-min
break between waking and hypnosis conditions.

The tape-recorded hypnotic induction used a
shortened version of the SHSS:C instructions with
all mention of sleep and drowsiness removed. During
waking, subjects listened to an equivalently-timed
tape-recorded passage from a college text that dis-
cussed child development, also used in Crawford et
al. (1993b). Tape-recorded instructions for the neu-
tral, happy and sad conditions were presented to
ensure consistency across subjects. The instructions
for happy and sad emotions are provided in Ap-
pendix A. After each set of instructions. there was
silence for 60 s while subjects were told to continue
experiencing the condition. During this 60-s silence.
40 s of EEG was recorded (see below). Subse-
quently, subjects were asked the following: (a) What
was your hypnotic depth during this emotion. where
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Table |

Summary of significant effects and follow-up analyses of Hypnotic Level (HypL) X Condition (Cond) X Emotion (Emot) X Hemisphere
(Hemi) analyses of variance of mean log wuV magnitude for each frequency band

Hz band Region  Significant effects Simple effects analysis Follow-up analyses
Level (effect) Level Significance Explanation
Low theta Parietal Cond X Hemi X Emot ~ Waking (Hemi X Emot) Happiness ~ 1(30) = 3.36 ® Right > left
3.5-5.45Hz F(1.29)=457" F(1.30) = 6.66 * Sadness n.s. Right = left
Hypnosis (Hemi X Emot)
n.s.
High theta Parietal HypL X Cond X Emot  Lows (Cond X Emot) Hypnosis  1(30)=3.36"  Sad > happy
5.5-7.45 Hz F(1.29)=479 ¢ F(1.15)=543* Waking n.s. Sad = happy
Highs (Cond X Emot)
n.s.
HypL X Hemi Highs 1(14)=35.67 ¢ Right > left
F(1.29) =634 " Lows 1(15)=2.58" Right > left
Low alpha Parietal  Emot X Hemi Happiness  1(30)=4.48 ¢ Right > left
7.5-9.45 Hz F(129)=587" - Sadness 1(30)=2.15" Right > left
Mid alpha Frontal  HypL X Emot - Happiness  1(29) =28.94°  Highs > lows
9.5-11.45Hz F(1,29) =549 * Sadness n.s. . Highs = lows
Lows (15)=261" Sadness > happiness
Highs n.s. Sadness = happiness
Parietal  Hemi Right > left
F(1,29)=13.70 ©
High alpha Parietal HypL X Hemi Highs (14)=561° Right > left
11.5-13.45Hz F(1.29)=4.12* Lows n.s. Right = left
Beta 13 - Frontat  Emot X Hemi X Cond ~ Wake (Emot X Hemi) Happiness  r(30)=3.29°  Right> left
13.5-16.45 Hz F(1.29)=183.89 ¢ F(1.30)=112.06 © Sadness 1(30)=1395° Right > left
Right #30)=10.76 ©  Sadness > happiness
Left ns. Sadness = happiness
Hypnosis (Emot X Hemi)
‘ : n.s.
Central  Emot X Hemi X Cond ~ Wake (Emot X Hemi) Happiness  n.s. Left = right
F(1.29)=13738 ¢ F(1.29) = 165.46 ¢ Sadness 1(30)=12.16 ¢ Left > right
Right #30)=289"°  Happiness > sadness
Lett 1(30)=11.27°  Sadness > happiness
Hypnosis (Emot X Hemt)
n.s.
Beta 16 Frontal ~ HypL X Emot Highs (14) =271¢ Happiness > sadness
16.5~19.45Hz Frontal  F(1.29)=8.09 " Lows n.s. Happiness = sadness
Parietal HypL X Hemi Highs 1d)=514° Right > left
F(1.29)=598"* Lows n.s. Right = left
Bew 19 Frontal  Emot Happiness > sadness
19.5-25.45 Hz F(1,29) =488
Central  Emot Sadness > happiness
F(1.29)=15.77 ¢
Parietal HypL X Hemi Highs (14)=5.26* Right > left
F(1.29) =569 * Lows n.s. Right = left
Beta 25 Frontal ~ HypL X Emot Highs (14 =4.19" Happiness > sadness
25.5-3145Hz F(1.29)=8.56 " Lows n.s. Happiness = sadness
Central  HypL X Emot Highs (1 =419 ¢ Happiness > sadness
F(129)=10.26"° Lows n.s. Happiness = sadness
Parietal  Emot X Hemi Happiness  1(30) = 4.89 © Right > left
F(1.29)=6.35" Sadness 30) =516 ¢ Right > left
Right 1(30) =561 ¢ Happy > sad
Left 1(30)=5.18 ¢ Happy > sad
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Table | (continued)

Hz band Region Significant effects Simple effects analysis Follow-up analyses
Level (effect) Level Significance Explanation
Beta 31 Frontal Emot Happiness > sadness
31.5-37.45 Hz F(1.29)=1549 ¢
Central Emot Happiness > sadness
F(1.29) =20.67 ¢
Parietal Emot Happiness > sadness
F(1.29)=3342°
Hemi Right > left
F(1.29)=3675°¢
Beta 40 Frontal Emot Happiness > sadness
37.5-41.70 Hz F(1.29)= 1095
HypL X Emot Highs (14) =465° Happiness > sadness
F(129)=791° Lows n.s. Happiness = sadness
Central Emot Happiness > sadness
F(1.29)=12.23° .
Hemi '
F(1,29)=7.07° Right > left
Parietal Emot Happiness > sadness
F(1.29)=26.46 "
Hemi Right > left

F(129)=27.67°

s p<005:° p<001:° p<000L

0 is not at all hypnotized. 5 is moderately hypno-
tized. and 10 is deeply hypnotized? (b) For the
emotion you just experienced, please rate how in-
tense it was on a scale of 1 to0 10, where 1 is being a
neutral mood, 5 being a moderately happy (sad)
emotion. and 10 being an extremely happy (sad)
emotion. How intense would you rate it? {c) For the
emotion you just experienced, please rate how vivid
it was on a scale of 1 to 10, where 1 is just thinking
about the emotion’ with no images, 5 is moderately
vivid. and 10 is extremely vivid. How vivid would
you rate it? (d) How much effort. from 1 (very
effortful) to 10 (extremely effortless, just happened),
did it take on your part to experience the emotion?
Immediately after removal of the electrodes. a
short postexperimemal interview was given to collect
the different reactions to the experienced emotions
and states. Subjects described their thoughts and
images during each induced emotional condition in
waking and hypnosis. Subjects were reminded that
these were just memories and thoughts of real or
imagined events. Subjects also rated how they felt
overall in the waking and hypnosis conditions on the
Spielberger et al. (1970) State Anxiety Scale. Great

care was taken to ensure they were in positive moods
before leaving the experimental setting, with an en-
couragement to return if they had any questions. No
difficulties were reported.

3.2.1. EEG recording

Six monopolar EEG recordings were made with
silver-silver chloride electrodes according to the in-
ternational 10-20 EEG System (Jasper, 1958) at left
and right hemisphere locations in the frontal (F3.
E4). central (C3, C4). and parietal (P3. P4) regions.
All scalp leads were referred to linked ear lobes
(A1-A2). and the ground was attached 3 cm above
the nasion. Resistance of electrodes were always
below 5 kOhm and kept as equal as possible across
electrodes. A bipolar EOG record was also taken.
with electrodes at the outer canthus and sub-orbital
to the right eye. The brain wave activity signals were
passed through bioamplifiers in a Beckman Accu-
trace polygraph and amplified peak 1o peak 7.5
wV /mm with a filter rate of 0.3 TC.). The sampling
rate was 250 samples/s. A 60-Hz notch filter was
used to reduce electrical noise. EEG signal was
recorded on paper and simultaneously collected and
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stored on a hard disk for subsequent off-line analy-
sis, using the Computerscope ISC-16 system (R.C.
Electronics, Santa Barbara, CA).

Subsequent EEG editing included rejecting EEG
segments that contained eye movement contamina-
tion and muscle artifact. EEG was visually scanned
by two independent observers to identify artifact
contamination; any differences of interpretation were
discussed and an agreement come to.

3.2.2. Data analysis

Using the Computerscope-PHY (R.C. Electronics)
Fast-Fourier spectral analysis program, with data
demeaning and the Hanning window to normalize
the spectrum analysis, two segments of data_(each
12.28 s in length) were analyzed for each channel
from 0.08 to 42.00 Hz. Mean magnitude was calcu-
lated for the following frequency bands: low theta
(3.5-5.45 Hz), high theta (5.5-7.45 Hz), low alpha
(7.5-9.45 Hz), mid alpha (9.5-11.45 Hz), high alpha
(11.5-13.45 Hz), Beta 13 (13.5-16.45 Hz), Beta 16
(16.5-19.45 Hz), Beta 19 (19.5-25.45 Hz), Beta 25
(25.5-31.45 Hz), Beta 31 (31.5-37.45 Hz) and 40-Hz
(37.5-41.7 Hz). The mean of the spectral magni-
tudes within each frequency band for the two time
segments (total 25.56 s) was submitted to statistical
analyses. Hemisphere was used as a factor in the
ANOVAs to determine the absolute contribution of
the left and right hemispheres, as laterality ratio
scores have been criticized for their lack of being
able to present the absolute contribution of each
hemisphere (Beaumont et al., 1984; Gevins and
Schaffer, 1980).

Due to a commonly observed negatively skewed
frequency distribution of EEG with high kurtosis. a
natural log transform of spectral magnitude was used
in all data analyses (e.g., see Sterman et al., 1994).
Log mean spectral magnitudes in the above spectral
frequency bands were subjected to a mixed design
repeated measures analysis of variance (ANOVA)
with conditions and emotions being within-subjects
factors and hypnotic level a between-subjects factor.
When necessary, the F-values were those obtained
after Greenhouse-Geisser corrections.

Subjects’ reports of thoughts during the neutral
condition indicated a consistent bias towards thoughts
of positive affect. Therefore, the neutral condition
was not used as a baseline measure by which to

compare sad vs. happy emotions. Results for neutral
condition are reported elsewhere (Crawford and
Clarke, in prep.).

4. Results
4.1. Emotion manipulation check

All subjects reported experiencing the appropri-
ately induced happy and sad emotions. Typical rumi-
nations for sadness included re-experiencing death of
a parent or grandparent, death of a pet, or parents
getting a divorce. Some subjects were tearful. Tvpi-
cal ruminations for happiness included re-experienc-
ing very joyful times with friends, winning some-
thing or getting an award, or getting an unexpected
inheritance.

To verify that the happy and sad emotional ma-
nipulations were successful, comparisons were made
for intensity self-reports between the neutral and two
emotion conditions. During waking, in comparison
to the neutral condition, happiness [ F(1,24) = 22.99,
p <0.001] and sadness [ F(1,24) = 12.43, p < 0.002]
were significantly more emotionally intense. During
hypnosis. happiness [F(1,24) =22.32, p < 0.001]
and sadness [ F(1.24) = 28.16, p < 0.001] were also
significantly more emotionally intense than in the
neutral condition. Thus, we concluded that the sad
and happy emotions were successfully induced. Fur-
ther comparisons will be made in a subsequent sec- -
tion (see Table 3).

The following result sections address (a) condi-
tions of sadness and happiness in waking and hypno-
sis as moderated by hypnotic level, (b) possible
relationships between intensity ratings and EEG ac-
tivity, and (c) phenomenological ratings during each
of the emotion conditions.

4.2. Happiness and sadness during waking and hxp-
nosis conditions

The 11 frequency bands are presented sequen-
tially. Within each frequency band, the frontal, cen-
tral and parietal regions are addressed. All means are
reported as the mean log uV magnitude. Table 1
presents a summary of all significant ANOVAs and
a breakdown of the complex interactions with fol-
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low-up analyses. Since these Fs and ts are not
redundantly presented in the text, the reader is ref-
ered to Table 1.

4.2.1. Low theta (3.5-5.45 Hz)

At both the frontal and central regions, there were
no significant main effects or interactions. At the
parietal region, during waking, there was signifi-
cantly more low theta activity in the right (M = 3.58)
than left (M = 3.37) hemisphere for happiness ( p <
0.002), whereas there was no significant difference
between the left (M = 3.29) and right (M = 3.35)
hemisphere for sadness. In addition, during hypnosis,
these parietal asymmetries were in the same direc-
tion but were not significant (happiness: right = 3.55,
left = 3.42; sadness: right = 3.51, left = 3.39).

At the frontal and central regions, there were no
significant main effects or interactions. At the pari-
etal region, there was significantly more high theta
activity in the right than left parietal regions. This
asymmetry was moderated by hypnotic susceptibility
level. As shown in Fig. 1, this asymmetry was
substantially greater for highs (right = 3.63. left =
3.33: p <0.001) than lows (right = 3.43, left = 3.33;
p <0.02). There was a nonsignificant trend for highs
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to generate more high theta activity in the right
parietal region than lows,

At the parietal region, the subsequent analvsis of
the Hypnotic Level X Condition X Emotion interac-
tion ( p < 0.02) showed the effect to occur for lows
but not highs. The lows had significantly ( p < 0.05)
more high theta during sad (M = 3.53) than happy
(M = 3.32) emotions in hypnosis, with no significant
difference between happy (M = 3.38) and sad emo-
tions (M = 3.30) in waking.

4.2.3. Low alpha (7.5-9.45 Hz)

As expected, a significant Emotion X Hemisphere
interaction occurred in low alpha and was found only
in the parietal region. At the frontal and central
regions. there were no significant main effects or
interactions.

As predicted and shown in Fig. 2. at the parietal
region, there was a significantly greater hemispheric
asymmetry during happy (right = 4.24, left = 3.96:
p <0.001) than sad (right =4.17, left=4.02: p<
0.05) emotions regardless of condition or hypnotic
level. This consistent finding may be interpreted as
indicating greater relative right hemispheric involve-
ment during sadness than happiness.

It should be noted that at frontal. central and
parietal regions there were no significant main ef-
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fects or interactions involving either hypnotic level
or condition.

4.2.4. Mid alpha (9.5-11.45 Hz)

As anticipated, unlike low alpha activity, there
were no significant mid alpha hemispheric differ-
ences between the two emotions at frontal, central
and parietal regions. In addition, there were no sig-
nificant effects involving condition.

Hypnotic Level played a significant moderating
role in the frontal region during the two emotions.
During happiness, highs generated significantly (p
< 0.02) more mid alpha activity (M = 4.00) than
lows (M = 3.36), whereas there was no significant
difference between highs (M = 3.91) and lows (M =
3.54) for sadness. In addition, lows generated s‘?gnifi-
cantly ( p < 0.03) more mid alpha activity in sadness
than in happiness, whereas there was no significant
difference for highs.

At the central region, there were no significant
main effects or interactions. There was significantly
(p <0.001) more mid alpha activity in the right
(M = 4.68) than left (M = 4.42) parietal region.

4.2.5. High alpha (11.5-13.45 Hz)

As anticipated, unlike low alpha activity, there
were no significanthigh alpha hemispheric asymme-
try differences between the two emotions at frontal,
central and parietal regions. In addition, there were
no significant effects involving condition.

At the parietal region, as shown in Fig. 3, highs
showed a significant ( p < 0.001) right hemispheric
dominance (right'=3.26, left = 2.94), whereas the
lows had no significant asymmetry (right = 3.31,
left = 3.21).

4.2.6. Bera 13 (13.5-16.45 Hz)

As shown in Fig. 4. there were complex interac-
tions involving emotion, hemisphere and condition at
both the frontal and centrai regions ( p < 0.001). The
hemispheric asymmetries differed both for emotion
and region, and were greater in waking than hypno-
sis conditions. A further examination of this figure
shows that during sadness - in waking but not
hypnosis - there are dramatic hemispheric asymme-
try differences in the three regions: in the frontal
region, there is greater Beta 13 activity in the right
hemisphere relative to the left; in the central region,
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parietal regions for low and highly hypnotizable subjects: spectral
magnitude means + S.E..

there is greater Beta 13 activity in the left hemi-
sphere relative to the right; and in the parietal region,
there is similar Beta 13 activity in both hemispheres.

At the frontal region, as shown in Fig. 4, there
was a significant Emotion X Hemisphere interaction
during waking ( p < 0.001) but not during hypnosis.
In waking, significantly more Beta 13 activity oc-
curred in the right than left frontal regions during
both sadness (right = 3.44, left =2.15; p < 0.001)
and happiness (right = 2.35; left =2.21; p <0.01).
In addition, there was significantly ( p < 0.001) more
right frontal Beta 13 activity during sadness than
happiness, with no significant difference in left
frontal Beta 13 activity during sadness and happi-
ness.

At the central region. as shown in Fig. 4, a
significant Emotion X Hemisphere interaction oc-
curred during waking ( p < 0.001) but not during
hypnosis. In waking. there was significantly (p <
0.001) greater Beta 13 activity in the left (M = 3.41)
than right (M = 2.18) hemisphere during sadness.
while there was no significant hemispheric asymme-
try during happiness (right = 2.35, left = 2.29). There
was significantly (p < 0.01) greater Beta 13 activity
in the left central region during sadness than during
happiness, whereas there was significantly ( p < 0.01)
greater Beta 13 activity in the right central region
during happiness than during sadness.
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At the parietal region. as shown in Fig. 4, the
Emotion X Hemisphere interaction was not signifi-
cant during waking. Beta 13 activity was similar for
happiness (right = 2.36, left =2.25) and sadness
(right = 2.56. left = 2.34).

4.2.7. Beta 16 (16.5-19.45 Hz)

At the frontal region. highs had significantly (p
< 0.02) more Beta 16 activity during happiness (M
= 2.32) than sadness (M = 2.14), whereas lows did
not significantly differ during happiness (M = 2.14)
and sadness (M = 2.19).

As anticipated, at the parietal region (Fig. 5,
upper). highs had a significant hemispheric asymme-

try in Beta 16 activity, whereas lows did not. Highs
had significantly ( p < 0.001) more Beta 16 activity
in the right (M = 2.41) than left (M = 2.16) parietal
region. whereas lows did not (right = 2.24, left =
2.18). There was a nonsignificant trend for highs to
have more right parietal Beta 16 activity than lows.

4.2.8. Bera 19 (19.5-25.45 Hz)

At the frontal region, there was significantly (p <
0.04) more Beta 19 activity during happiness than
sadness. By contrast, at the central region, there was
significantly more Beta 19 during sadness than hap-
piness ( p < 0.001).

As anticipated, at the parietal region (Fig. 5.
lower), highs had a significant Beta 19 hemispheric
asymmetry, whereas lows did not. Highs had signifi-
cantly ( p < 0.001) more Beta 19 activity in the right
(M =12.00) than left (M =1.75) parietal regions,
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Fig. 5. Beta 16 (16.50~19.45 Hz) and Beta 19 (19.5-25.45 Hz)
activity at left and right parietal regions for low and highly
hypnotizable subjects: spectral magnitude means +S.E..
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whereas lows did not (right=1.83, left=1.74).
There was a nonsignificant trend for highs to have
more right parietal Beta 19 activity than lows.

4.2.9. Beta 25 (25.5-31.45 Hz)

At the frontal and centtal regions, highs showed
differential activity during the two emotions, whereas
lows did not. At the frontal region, highs had signifi-
cantly (p <0.001) more Beta 25 activity during
happiness (M = 1.50) than sadness (M =1.19),
whereas lows had the same Beta 13 activity during
happiness (M = 1.31) and sadness (M = 1.31). At
the central region, highs had significantly (p <
0.001) more Beta 25 activity during happiness (M =
1.44) than sadness (M =1.08), 1(14)=4.19, p<
0.001, whereas lows had very similar Beta 13 activ-
ity during happiness (M = 1.30) and sadness (M =
1.31).

[t should be noted that unlike the two lower beta
frequency bands (Beta 13, Beta 16), at the parietal
region the low and highly hypnotizable subjects did
not show differential hemispheric asymmetries in
Beta 24 activity. At the parietal region. there were
hemispheric asymmetry differences for both happy
and sad emotions, regardless of condition or hyp-
notic level. There was significantly (p <0.001)
greater Beta 25 activity in the right than left parietal
region for both sadness (right = 1.26. left = 1.08)
and happiness (right = 1.48, left = 1.31). There was
significantly ( p < 0.001) more Beta 25 activity dur-
ing happiness than sadness in both left ( p <0.001)
and right ( p < 0.001) parietal regions.

4.2.10. Beta 31 (31.4-37.45 Hz)

There was significantly ( p < 0.001) greater Beta
31 activity during happiness than sadness at the
frontal. central and parietal regions. In addition, in
the parietal region, there was significantly greater
Beta 31 activity in the right (M = 1.32) than left
(M = 1.12) parietal hemispheres. There were no sig-
nificant effects involving either hypnotic level or
condition.

4.2.11. 40-Hz beta (37.5-41.7 Hz)

There was significantly greater 40-Hz activity
during happiness than sadness at the frontal, central,
and parietal regions ( p < 0.01). In the frontal region,
this emotion effect occurred only for highs but not

for lows. Highs had significantly ( p < 0.001) more
40-Hz activity during happiness (M = 1.53) than
sadness (M = 1.21), whereas lows did not differ
between happiness (M = 1.29) and sadness (M =
1.26).

There was significantly ( p < 0.01) greater 40-Hz
activity in the right than left hemisphere at the
central and parietal regions, whereas there was no
significant asymmetry in the frontal region.

4.3. Intensiry and EEG activity

Are there relationships between self-reports of
emotional intensity and EEG activity? Recent work
by Heller and her associates (Heller, 1993; Heller et
al., 1995) suggests a relationship between right-
parietotemporal hemispheric function and autonomic
and behavioral arousal during emotional processing.
Correlations between intensity reports for happy and
sad emotions and EEG activity within the various
frequency bands at the parietal region are presented
in Table 2. The only significant ( p < 0.05) correla-
tions observed were for high alpha activity in the
happy emotion during waking (P3, 0.41; P4, 0.45)
and for Beta 19 activity in the happy emotion during
hypnosis (P4, 0.40).

Further post hoc correlations assessed possible
relationships between intensity and hemispheric
magnitude ratios (right — left/right + left) in the
various frequency bands at the parietal region. Only
two significant correlations emerged: during sadness
in hypnosis, Beta 13, 0.36 ( p < 0.05); and Beta 16.
0.40 (p < 0.05). We also assessed relationships be-
tween intensity. vividness and effort reports and
EEG activity at all sites. While there were a few
significant correlations, no meaningful patterns
emerged. These correlation tables are available to the
reader from the first author (HJC).

4.4, Intensirv, vividness and effortless ratings

For the happy. sad. and neutral emotions during
wake and hypnosis. the means and standard devia-
tions for lows and highs on ratings of intensity.
vividness, effort and hypnotic depth are presented in
Table 3. r-tests between low and highly hypnotizable
subjects for each measure are also reported in Table
3.



H.J. Crawford et al. / International Journal of Psvchophysiology 24 (1996) 239266 253

4.4.1. Comparison of happy and sad conditions
Highs found the self-induced happy and sad emo-
tions to be significantly more intense and vivid
during hypnosis than waking, whereas the lows re-
ported no significant difference between the two
conditions. Thus, there were significant Hypnotic

Table 2
Relationships between intensity of emotional experience and EEG
activity: parietal region

Sadness Happiness

P3 P4 P3 P4
Low theta (3.5-5.45 Hz)
Wake -0.12 -0.08 0.08 -0.04
Hypnosis -0.19 -0.11 -0.03 <003
High theta (5.5-7.45 Hz)
Wake -0.11 0.02 0.14 0.06
Hypnosis -0.19 -0.16 —-0.01 0.06
Low alpha (7.5-9.45 Hz)
Wake 0.06 0.15 0.15 0.06
Hypnosis —0.08 -0.07 —-0.04 0.06
Mid alpha (9.5-11.45 Hz)
Wake 0.22 0.28 0.33 0.26
Hypnosis 0.05 0.19 0.25 0.30
High alpha (11.5-13.45 Hz)
Wake 0.08 0.13 0.41° 0.45°
Hypnosis -0.21 —-0.03 0.22 0.27
Beta 13 (13.5-16.45 Hz)
Wake 0.07 0.08 0.18 0.13
Hypnosis -0.07 -0.02 0.10 0.17
Beta 16 (16.5-19.45 Hz)
Wake 0.01 0.07 0.07 0.01
Hypnosis -0.08 0.09 0.21 0.31
Beta 19 (19.5-25.45 Hz)
Wake 0.10 0.21 0.08 -0.03
Hypnosis 0.10 0.21 0.30 0.40 ¢
Beta 25 (25.5-31.45 Hz)
Wake -0.02 0.16 -0.05 -0.11
Hypnosis 0.09 0.27 0.05 0.23
Beta 31 (31.5-37.45 Hz)
Wake 0.12 0.21 0.06 -0.05
Hypnosis 0.13 0.18 0.19 0.24
40-Hz Beta (37.5-41.7 Hz)
Wake -0.04 0.06 -0.11 -0.06
Hypnosis 0.06 0.33 0.23 0.23

a

p < 0.05. two-tailed.

Table 3

Intensity, vividness, and effort ratings for happy and sad self-gen-
erated emotions and for a neutral condition during waking and
hypnosis: comparisons of low and highly hypnotizable men

Lows (n = 16) Highs (n =15)
Mean S.D. Mean S.D. 1(29) p<

Ratings *

Intensity .

Happy: waking 500 234 587 236 1.03 ns.
Happy: hypnosis  4.13  1.86 800 1.69 6.08 0.00]
Sad: waking 363 228 573 222 261 ns.
Sad: hypnosis 413 248 840 1.24 602 0.001
Neurtral: waking 3.00 224 246 246 059 ns.
Neutral: hypnosis 247 1.36 391 3.05 163 ns.

Vividness

Happy: waking 5.13 216 553 242 050 ns.
Happy: hypnosis  5.06  2.87 8.00 181 342 0.0l
Sad: waking 406 198 553 248 183 ns.

Sad: hypnosis 431 247 820 1.66 5.11 0.001
Neurtral: waking 4.27 2.82 427 294 00l ns.
Neutral: hypnosis  4.33 299 673 220 224 0.03
Effort

Happy: waking 487 262 579 299 083 ns.
Happy: hypnosis  6.20  2.15 8.07 220 232 003
Sad: waking 325 420 333 373 006 ns.
Sad: hypnosis 540 290 821 219 293 0.007
Neurtral: waking 7.67 299 7.18 279 042 ns.
Neutral: hypnosis  7.53 290 8.00 210 045 ns.

Depth

Happy: waking 088 1.25 060 099 067 ns.
Happy: hypnosis  1.56  1.50 873  2.69 9.25 0.001
Sad: waking 075 .13 087 125 027 s
Sad: hypnosis 075 13 087 125 027 ns
Neurtral: waking 0.56 0.81 060 106 O0.11 ns.
Neutral: hypnosis  1.88 1.75 7.67 154 9.76 0.004

* Intensity: 1 (neutral) to 10 (extremely intense emotion): Vivid-

ness: | (no image) to 10 (extremely vivid): Effort: 1 (very
effortful) to 10 (extremely effortless).

Level X Condition interactions for reports of inten-
sity, F(1.29)=13.18. p <0.00l, and vividness.
F(1,29) = 11.07, p <0.002.

For intensity reports. there was also a significant
Emotion X Condition interaction. F(1,29)=6.52. p
< 0.02. Sadness was rated to be more intensely
experienced during hypnosis than waking. while hap-
piness did not differ significantly. As reported ear-
lier, a verification of the success of the emotional
inductions was that for all subjects, both happy and
sad emotions were perceived as being more intense
than that experienced during the neutral condition.
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For effortlessness, there was a significant Hyp-
notic Level X Condition interaction, F(1.29) = 5.36.
p <0.03. Highs reported the production of the emo-
tions were significantly more effortless during hyp-
nosis, whereas the lows reported they were more
effortful during hypnosis. Overall, subjects reported
it took greater effort to produce sad than happy
emotions.

As expected, highs reported themselves to be
significantly more hypnotized during hypnosis,
whereas lows did not change their hypnotic depth
ratings during hypnosis. Hypnotic depth did not dif-
fer as a function of emotion.

5. Discussion ~

During self-generated sad and happy emotions. as
anticipated, there were hemispheric asymmetry dif-
ferences between happy and sad emotions in low
alpha (7.5-9.45 Hz), but not mid to high alpha
(9.5-13.45 Hz). Furthermore, as predicted, this was
limited to the parietal region regardless of condition,
waking or hypnosis. or hypnotic susceptibility level.
Greater right hemisphere involvement during sadness
than happiness can be inferred from these data. In
the parietal region only. a similar hemispheric asym-
metry for sadness but not happiness was observed in
low but not high theta activity.

Typically the beta frequency bands are given less
emphasis or are ignored in studies of EEG correlates
of emotion, yet our data suggest they are quite
relevant. In contrast to low alpha activity, in the Beta
13 (13.5-15.45 Hz) band highly significant Emotion
X Hemisphere interactions were observed in the
frontal and central. but not parietal regions. Opposite
direction hemisphere asymmetries were observed at
the frontal and central regions during sadness during
waking only. whereas during hypnosis these asym-
metries disappeared (Fig. 4). Sadness was accompa-
nied by significantly greater activity in the frontal
region in Beta 16 (16.5-19.45 Hz). and this was
moderated by hypnotic level. In Beta 19 (19.5-24.45
Hz) significantly greater activity was observed in the
frontal region during happiness, but the reverse oc-
curred at the central region. In frontal. central and
parietal regions in the higher beta frequencies (25—
41.7 Hz) there was significantly more activity during
happiness than sadness.

As anticipated. highly hypnotizable individuals
showed substantially greater hemispheric asymme-
tries in the parietal region than did low hypnotiz-
ables, regardless of emotion or condition. This greater
right parietal activity was evident among the highs in
high theta (5.5-7.45 Hz). high alpha (11.5-13.45
Hz), Beta 16 (16.5-19.45 Hz), and Beta 19 (19.5-
25.45 Hz) frequency bands. Hypnotic susceptibility
level also moderated several other effects.

These major findings are placed within a theoreti-
cal discussion in the following sections. The first
section addresses EEG correlates of happy and sad
emotions. The second section addresses brain dy-
namic differences associated with hypnotic suscepti-
bility level.

5.1. Comparisons of happy and sad emotional condi-
tions during wake and hypnosis

Of theoretical importance are the findings that
hemispheric differences in low alpha activity (7.5-
9.45 Hz) differentiated between self-generated happy
and sad emotional states, whereas mid to high alpha
(9.5-13.45 Hz) did not. This was limited to the
parietal region and was not present in the frontal and
central regions. Specifically. both emotions showed
less low alpha activity in the left than right parietal
regions. but this was more pronounced during happi-
ness than sadness (Fig. 2). The low alpha activity
within each hemisphere did not differ significantly
between emotions. but the relative contribution of
the two hemispheres within each emotion did. Inter-
estingly. this same pattern was observed in low but
not high theta. Low theta activity, associated with
decreased arousal or cognitive activity (Schacter.
1977; Vogel et al.. 1968). was significantly greater
in the right than left parietal region during happiness.
while there were no significant hemispheric differ-
ences during sadness.

It should be stressed that our research points out
the importance of discriminating low alpha activity
from mid and high alpha activity. The findings herein
support a growing body of literature that indicates
low alpha activity is more functionally associated
with fluctuations in alertness and should be sepa-
rately evaluated from higher alpha activity which
may be more associated with cognitive workload
(e.g.. Bosel. 1992: Crawford et al.. 1995b: Klimesch.
1995: Klimesch et al.. 1990; Mecklinger and Bosel.
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jan et al., 1994). Recent factor analytic
sncharova and Davidson (1995) differen-
cen low alpha (9-10 Hz) and high alpha
1) and provided further support for the
hat there are functionally meaningful dif-
etween these alpha components. Specifi-
- reported that low alpha activity recorded
en and eyes-closed conditions (no emotion
.orrelated strongly with positive affectivity,
:d by the PANAS. in 2 broad brain region
. from anterior frontal t0 centro—parietal ar-
1o be addressed is whether studies of ap-
slated and withdrawal-related stimuli that
ronmentally generated (e.g. watching film
it find differential contributions of low and
ha 1o previously observed distinct patterns of
. right frontal and anterior temporal broad
frequency pand activity (e.g- Davidson,
- Fox. 1994).

yming that suppressed low alpha (and low
activity indicates more relative cortical 1n-
ient during the emotion in the measured un-
\g region, as supported by research reviewed
introduction, these findings might suggest that
o left parietal region was more emotionally
than the right during both happy and sad
onal conditions, and (2) the night parietal re-
was relatively more emotionally involved dur-
1dness than during happiness. Yet, as is some-
. done when laterality ratios of alpha activity are
oved, it cannot be concluded that the right
;sphere is more involved in emotional processing
the left if we use alpha activity as ouf only
sure. The greater relative involvement of the
¢ hemisphere during sadness is suggested in the
.ent data. but overall greater absolute right hemi-
ore involvement is not. Although hemispheric
oS can assist us in the understanding of individual
‘erences in emotional processing (e.g- Davidson
A1.. 1990; Tomarken et al., 1990, 1992). we must
sensitive 10 their limitations and their inability to
avide information about the absolute spectral mag-
wude present in the left and right hemispheres (for
cellent discussions of this issue, S€€ Beaumont €t

. 1984: Gevins and Schaffer, 1980).
Our findings of low alpha activity hemispheric
ifferences associated with emotional processing
upports prior research of self—generated positive and

negative emotional states that found parietal alpha
activity differences (e.g.. Collet and Duclaux, 1987;
Meyers and Smith, 1986, 1987; Smith et al., 1989,
1987: Tucker €t al.,, 19815 Tucker and Dawson,
1984). Developing an affective set pefore listening t0
positive (laugh, baby coo) and negative (cry, scream)
emotional stimuli resulted in hemispheric alpha
asymmetries in the parietal region (Meyers and
Smith, 1986, 1987; Smith et al.. 1987, 1989, 1990).

By contrast, ouT findings are not consistent with
studies of the processing of positive and negative
emotional stimuli in the environment (e.g., film c\ips)
which typically report observed alpha activity differ-
ences in the frontal and anterior temporal regions
(for reviews, se€ Davidson, 1988, 1992a.b; Dawson,
1994, Derryberry».and Tucker, 1992 Fox. 1994).
External visual sensory emotion recognition has been
associated with right anterior cingulate and bilateral
prefrontal and frontal cortex activation (George et
al., 1993). Differences in recording with eyes open
and closed across these studies may have contributed
to these inconsistent findings. While posterior alpha
activity is more predominant during eyes closed
conditions, it still is evident in eYe€S open conditions;
less is known about anterior alpha activity (Barlow,
1993).

Taken together, these studies suggest that both the
anterior and posterior regions of the brain are differ-
entially involved in emotional processing. According
to Luria (1966) and Pribram (1981, Pribram, 1991),
during self-generated emotional experiences, the pos-
terior region of the brain forms 2 program of action,
while the frontal region compares this program with
the actual course. There is a *‘balance between the
parietal and frontal (including temporal pole) por-
tions, which is organized and enhanced by parietal
and selectively inhibited (made context sensitive) by
frontal cortical functioning’’ (Pribram, 1981, p- 118).
Studies involved in the evaluation of, and subsequent
emotional involvement in viewed emotionally-laden
material (e.2.- films) require subjects 10 evaluate
external stimuli over time that calls upon prefrontal
lobe planning, organization, and context updating
(e.g., Pribram, 1991). Thus, it is not surprising that
more differential frontal lobe involvement has been
observed under these latter conditions. Yet, when
subjects Were asked to mentally review from mem-
ory previously shown positive and negative film-seé-
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quences, Collet and Duclaux (1987) were unable to
replicate the frontal alpha lateralization asymmetries
as a function of emotion, but found asymmetries in
the centro-parietal regions.

Furthermore, such low alpha differences noted in
these two emotional conditions support work by Ray
and Cole (1985; Cole and Ray, 1985; see also Af-
tanas et al., 1994; Valentino and Dufresne, 1993)
that intake and rejection attentional processing of
emotional stimuli activate different regions of the
brain. Specifically, observing and evaluating emo-
tional stimuli ‘'may activate the executive planning
and organizing aspects of the frontal region in a
different manner than the recall and imagery of past
emotional events. Secondly, recalling past memories
is more likely to activate the more posterior temporal
and parietal regions associated with memory and
imagery processes (for a review, see Crawford, 1996).
Thus, differences in imagery formation and vividness
may contribute also to the observed differences.
Another theoretical view is the model of Heller
(1993) which proposes that the right temporoparietal
region is activated due to arousal, whereas the frontal
regions are differentially activated due to differences
in emotional valance. Future research needs to ad-
dress the processing of external emotional stimuli
and self-generated emotional stimuli within the same
individuals to elucidate these possible differences.

Since other frequency bands did show differential
activation in the frontal region, as discussed below,
and a cerebral metabolism study (Pardo et al., 1993)
showed prefrontal activation during self-induced
dysphoria, the jpresent study cautions us to be more
alert to the limitations of depending upon alpha
activity alone. As researchers have access to equip-
ment that can évaluate substantially more scalp loca-
tions than the present study did, further understand-
ing of emotional processing will be possible. Of
particular theoretical relevance would be additional
recordings from the prefrontal and temporal regions.

5.1.1. Beta frequency bands

Some theorétically important emotion effects were
observed in some of the beta bands. In Beta 13
(13.5-15.45 Hz). it was in the frontal and central
regions in which there were highly significant emo-
tion by hemisphere interactions that were further
influenced by condition (waking vs. hypnosis). No

differences were observed in the parietal region.
Most intriguing, yet unexpected, was the. highly sig-
nificant reversal of hemispheric dominance in Beta
13 activity in the frontal and central regions evident
during sadness in waking (Fig. 4). Why these asym-
metries during happiness disappeared during hypno-
sis is unaccountable for at present.

Within Beta 13 and extending into high alpha
frequency bands. oscillatory SMR activity, generated
within the ventrobasal thalamus in cats (Sterman and
Bowersox, 1981; Sterman, 1996), has been shown to
be enhanced during quiet vigilance but suppressed
during movement over the motor and premotor cor-
tex (for a review, see Sterman and Mann, 1995). It is
should be noted that both SMR and the analogous
mu rhythm have only been observed in the central
region and suppressed during movement (for re-
views, see Barlow. 1993; Sterman and Mann, 1995).
Thus, we may not be evaluating these rhythms in the
present study. Our subjects were sitting quietly with-
out obvious movement and with their eyes closed in
all conditions. Whether possible hemispheric differ-
ences in vigilant emotional processing in the frontal
and central regions contributed to these asymmetries
is worthy of further investigation. ‘

The Beta 13 hemispheric asymmetries differed
both for emotion and region, and were greater in
wake than hypnosis conditions. The shifts away from
hemispheric asymmetry during hypnosis, regardless
of hypnotic level, have not been noted previously in
the literature. This may have been due to shifts in
attentiveness or involvement in the suggested emo-
tion. shifts in strategy. or some other unknown fac-
tors. Correlations between reported emotional inten-
sity rarely correlated significantly with EEG activity.
Since Beta 13 activity has not been addressed ade-
quately in prior emotion research, further replication
is necessary.

Sadness produced significantly greater activity in
the frontal region in Beta 16 (16.5-19.45 Hz) than
did happiness. but this effect was only observed in
highs and not lows. In the Beta 19 (19.5-25.45 Hz)
frequency band. there was significantly more activity
during happiness than sadness at the frontal region.
but the reverse was the case at the central region
only in the highs. In frontal. central andiparietal
regions, there was significantly more activity in the
higher beta frequencies (25-41.7 Hz) during happi-
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ness than sadness. Condition was not a factor. Fur-
ther moderating effects from hypnotic susceptibility
level are discussed in the next section.

Hemispheric effects were also noted. In Beta 25
(25.5-31.45 Hz) there was significantly more activ-
ity in the right than left parietal regions, more so for
happiness than sadness. In the 40-Hz band there was
significantly more activity in the right central and
parietal regions in both emotions. Several other emo-
tion studies (Schellberg et al., 1990, 1993; Stenberg,
1992) have reported greater right hemispheric beta
activity. Taken together these findings are suggestive
of more focused attention in the right hemisphere
during certain emotional processing (Sheer, 1976,
1989). Past research has reported inconsistently that
either happiness or sadness produces significantly
more temporal or right temporal activity in various
beta bands (Cole and Ray, 1985; Schellberg et al.,
1990; Stenberg, 1992; Ray and Cole, 1985). Moder-
ating influences from hypnotic susceptibility are dis-
cussed further below.

Since less is known about EEG activity within
these particular beta bands or at different brain re-
gions, particularly in light of emotional processes,
we can only encourage future research to closely
examine narrower bands of beta activity. Attention
needs to be directed to specific beta frequency oscil-
lations, in addition to magnitude within frequency
bands, as they are thought to reflect states of neu-
ronal networking of specific cortical and subcortical
cell assemblies during emotional and cognitive pro-
cessing (e.g., Basar, 1990; Lopes da Silva, 1991).
Furthermore, we need to be careful in our interpreta-
tions of higher beta activity as it is vulnerable to
muscle artifact. Since differential facial muscle acti-
vation (e.g., smiling during happiness, crying during
sadness) may have occurred during the two emo-
tional conditions, it is suggested that future work
evaluate muscle activity simultaneously and covari-
ate out its possible effect on accompanying EEG
(e.g., Davidson et al., 1990; Ekman et al., 1990).

5.2. How do low and highlv hypnotizable individuals
differ from one another?

As anticipated, highly hypnotizable individuals
showed greater hemispheric asymmetry, favoring the
right hemisphere in the parietal region, than lows in

several frequency bands associated with focused at-
tention: high theta, high aipha, Beta 16, and Beta 19.
Like other studies (for reviews, see Crawford, 1989,
1994a), low hypnotizables were more equally acti-
vated in both hemispheres. This supports prior re-
search that highs show greater emotional and cogni-
tive flexibility, reflected in greater hemispheric
specificity (e.g., Crawford, 1989, 1994a; MacLeod-
Morgan and Lack, 1982). Importantly, low and highly
hypnotizable subjects did not show any significant
differences in those EEG frequency bands most asso-
ciated with drowsiness, specifically low theta (Vogel
et al., 1968) and low alpha (Shagass, 1972) activity.
Neither did they differ in Beta 13 activity.

5.2.1. High theta

All subjects showed greater high theta activity in
the right than left parietal region during sadness and
happiness, possibly reflective of focused attention
(arousal) in internally generated emotional experi-
ences and accompanying imagery. As anticipated.
highly hypnotizable subjects showed even greater
right parietal hemispheric dominance than did the
lows in the parietal region. Like the study of cold
pressor pain of Crawford (1990), highs showed
greater significant asymmetries of high theta activity
while lows did not. Highs tended to generate more
high theta activity in the right parietal region than
did low hypnotizables during the emotional states.

Theta activity is associated with emotional (Cohen
et al., 1976; Schwarz et al., 1982. Simonov. 1986:
Stenberg, 1992; Talairach et al., 1973; Walter, 1959.
cited in Stenberg, 1992) and cognitive (Crawford.
1994a; Crawford and Gruzelier, 1992: Schacter.
1977) activity. The higher right relative to left pari-
eta] theta activity among highs may reflect enhanced
focused attention and/or enhanced imagery
(Sabourin et al,, 1990). Many experiments (e.g..
Stoyva, 1973; for review, see Schacter, 1977) have
shown that psychological phenomena related to im-
agery production accompany theta activity. Since
Stenberg (1992) found the most significant theta
correlate of emotional processing to be located at the
lateral frontal region (F7), possibly reflective of
asymmetric limbic processing of emotional stimuli,
further research needs to determine whether such
hypnotic susceptibility correlates would also be ob-
served in this region. While intensity reports did not
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differ during waking, highs did report more intense
emotional states than did lows during hypnosis; yet,
condition was not a significant factor in this EEG
interaction as might be anticipated.

~ Unlike prior research that evaluated more cogni-
tive processing (e.g., Sabourin et al., 1990), we
found no differences in theta activity between low
and high hypnotizables in the central and frontal
regions during emotional processing.

5.2.2. Alpha activity

There were no differences between lows and highs
in the low alpha activity band which argues for no
differences in arousal level either in waking or hyp-
nosis conditions. In the mid alpha frequency band,
there was an interaction between hypnotic levél and
emotion at the frontal region. Highs generated more
mid alpha activity than did lows during happiness,
yet there was no difference during sadness.

Highs showed a significant high alpha asymmetry
in the parietal region, while lows did not. The highs
had significantly more high alpha activity in the right
than left parietal region. Similarly, previous work by
Crawford, Mészaros and their associates (Crawford,
1989; Mészdros et al., 1989) found highs to have
greater right parieto-occipital dominance than lows
in rest, math, and a visual discrimination task. Our
present analyses did not permit the verification of a
possible hypothesis leading out of recent work by
Klimesch and his associates (Klimesch, 1995;
Klimesch et al., 1990, 1993). They find good mem-
ory performers have a significantly higher mean
alpha frequency. Our highs reported greater intensity
and vividness of emotional experiences than did the
lows, particularly during hypnosis. As one anony-
mous reviewer suggested, highs may have a higher
mean alpha frequency than low hypnotizables, at
least in the right relative to left parietal region.

5.2.3. Beta activiry

Highly hypnotizable individuals demonstrated sig-
nificant hemispheric asymmetries in beta activity
between 16 and 25 Hz in the parietal region, while
lows had no significant asymmetries. Consistently,
highs had significantly greater right than left parietal
activity. Similar asymmetries in the beta frequency
band was reported by Sabourin et al. (1990). We
argue against these asymmetries being caused by

asymmetries in muscle activity, as the interactions
were not present in the higher beta frequency bands
in the present study. Increased beta activity in the 16
to 20 Hz frequency range, and possibly higher, has
been associated with high vigilance and focused
attentiveness (Lopes da Silva et al., 1980; Rougeul et
al., 1979) and efficient, error-free cognitive perfor-
mance (Makeig and Inlow, 1993). Recent research
from Crawford’s laboratory (Crawford et al., 1995b;
Crawford and Vasilescu, 1995¢) found high sus-
tained subjects produced more Beta 16 activity than
did low sustained individuals. Such findings suggest
that the high hypnotizables may be exhibiting greater
vigilant, sustained attentional processing that is asso-
ciated with the right hemisphere. Certainly, at the
behavioral level, highs have been shown to have
greater sustained attentional abilities (e.g., Crawford
et al., 1993a). Whether these neurophysiological dif-
ferences are task-specific or a reflection of enduring
trait differences associated with hypnotic susceptibil-
ity needs further inquiry.

It is of further theoretical interest that highs con-
sistently showed greater magnitude activity in the
right than left parietal region not only in the beta
frequency bands between 16.5 and 25 Hz, hypothe-
sized to be associated with sustained attention. but
also in two previously discussed bands (high theta,
high alpha) that have also been associated with,
respectively. focused attention (e.g., Schacter, 1977)
and general mental workload (Pfurtscheller and
Klimesch, 1991).

In a recent neurophysiological model of emotion,
Heller (1993) posits that the right parietotemporal
region is seen as playing an essential role in the
overall modulation of emotional states, while the
frontal region is associated with valence. Further-
more, Levy et al. (1983) proposed that the large
variability in hemispheric activity may be due, in
part, to individual variation in patterns of asymmetric
parietotemporal hemispheric activity. If so, this
would suggest that the greater right than left parietal
activity observed in highly hypnotizable individuals
is reflective of their greater involvement (arousal)
during emotional processing.

Recently, Crawford et al. (1995a) reported that
highly hypnotizable subjects were significantly faster
in their reaction times to emotional facial stimuli
than lows, and that they had asymmetries in the left
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and right visual fields, whereas lows did not. This
too suggests indirectly that highs exhibit higher
right-hemisphere activity during emotional process-
ing. As discussed by Heller (1993, p. 480), right
parietal lesions produce slowing of reaction times
(e.g., Benton, 1986) and ‘‘non-brain-damaged indi-
viduals who exhibit higher right-hemisphere activity
as inferred from behavioral measures showed faster
reaction time when orienting toward visual stimuli
(Levine et al., 1992)" (Heller, 1993, p. 480).

Significant hypnotic level by emotion interactions
were observed at the frontal region for Beta 16, Beta
25, and Beta 40 with nonsignificant trends in the
same direction for the Beta 19 and Beta 31. Specifi-
cally, highs had significantly more beta activity in
the frontal region for happiness than sadnéss across
conditions of waking and hypnosis, while lows did
not exhibit any significant differences. Whether this
is due to differential involvement of the frontal
region during the two emotions or to increased frontal
muscle activity during happiness among the highs
are two competing hypotheses.

De Pascalis and his associates have demonstrated
that highly hypnotizable subjects showed greater 40-
Hz EEG density, not correlated with muscle activity,
at both left and right parieto-occipito-temporal cortex
junctions during induced emotional states compared
to rest, whereas low hypnotizables did not, in both
nonhypnotic (De Pascalis et al., 1987) and hypnotic
(De Pascalis et al., 1989) conditions. Highs showed
bilateral hemispheric 40-Hz density increases during
the recollection of positive emotions, and a reduction
of density in the left and an increase in the region
during negative emotions. In the present data there
- were no such hypnotic susceptibility level effects in
the parietal region. Since De Pascalis et al. (1987,
De Pascalis et al., 1989) used different montages and
methodologies, we cannot compare the present re-
sults with theirs.

6. General concluding comments

Our present study demonstrated that during self-
generated happy and sad emotional states when one
evaluates alpha activity, it is the low alpha frequency
band that differentiates happy from sad emotional
states in the parietal region, but not in frontal and

central regions. Thus, it replicates prior work that
when self-generated emotional states are produced,
usually with eyes closed, the posterior region of the
brain shows hemispheric asymmetries within the al-
pha activity band. The posterior imaginal memory
systems may become more activated (e.g., for a
review, see Crawford, 1996). This is in contrast to
frontal and anterior temporal alpha activity asymme-
tries noted rather consistently when individuals pro-
cess externally presented emotional stimuli (for re-
views, see Davidson, 1992a,b). Additionally, the right
anterior cingulate and bilateral prefrontal and frontal
cortex have been associated with external visual
sensory emotion recognition (George et al., 1993).
Our findings did reveal Emotion effects present in
other frequency bands in the frontal and central
region, suggestive of differences between happy and
sad emotions.

Such divergent findings suggest that future re-
search needs to evaluate the two emotion methodolo-
gies, in both eyes open and eyes closed conditions,
that activate separate, but overlapping, emotional
systems (e.g., Pribram, 1981, 1991) within the same
individuals. In addition, our work shows that the
parietal and frontal regions show differential EEG
activation patterns across the frequency bands. It
may well point to a way in which we can use EEG
studies to evaluate the recent model of Heller (1993)
that postulates the existence of two distinct neural
systems associated with emotions: one involving the
modulation of autonomic arousal in the parietotem-
poral region, and one modulating emotional valence
located in the frontal lobes.

Here and elsewhere we have argued that highly
hypnotizable individuals possess more efficient con-
trolled attention and inhibitory systems (e.g., for
reviews, see Crawford, 1994a; Crawford and Gruze-
lier, 1992). The present study supported our hypothe-
ses that highs would show greater hemispheric asym-
metries in certain EEG frequency bands and that
they would respond differently at a neurophysiologi-
cal level during the emotion states than would low
hypnotizables. A greater right than left parietal activ-
ity in high theta, high alpha, and beta bands between
16 and 25 Hz was found in highs but not low
hypnotizables. This suggests highs exhibit relatively
higher right hemisphere activity during emotional
processing. Our data is supportive of prior conclu-
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sions that ‘‘the behavioral differences related to hyp-
notic susceptibility are correlated with and influ-
enced by neurophysiological mechanisms, thus pro-
viding some support for a trait view of hypnotizabil-
ity.... ’ (Crawford and Gruzelier, 1992, p. 263).

We wish to note one limitation of our study. Our
study used only men, whereas many of the earlier
emotion studies, particularly from the laboratories of
Davidson, Fox and Schwartz, employed women only.
Our original decision to include only men in our first
study of EEG correlates of emotion was based upon
the common finding that men have greater asymme-
tries than do women (Kolb and Whishaw, 1990).
Men and women have been found to differ in cere-
bral EEG activity during induced emotions_(e.g.,
Meyers and Smith, 1987). During self-induced dys-
phoria, Pardo et al. (1993) found unexpected gender
differences in inferior and orbitofrontal activity - a
bilateral distribution was observed in women com-
pared with prominent asymmetries in men. Further-
more, greater lacrimal flow during induced sadness
was observed in women than in men (Delp and
Sackeim, 1987). Replication is needed to address
these potential gender differences. As was so well
put by Pardo et al., ‘*The differences observed could
be the result of learning or the outcome of genetic,
hormonally mediated specializations of the human
brain. The more than two-fold predominance of de-
pression in women than men and the importance of
sex, even over race or ethnicity, in personality vari-
ables attest to the importance of gender in affective
processing and in human cognition’” (1993, p. 718).
We must remain sensitive to possible methodological
and theoretical problems whenever comparisons are
made between men and women, be it at a behavioral
or neuroanatomical level (for an excellent discussion.
see Nyborg, 1994).

Most commonly, EEG approaches have evaluated
raw or ratio scores of spectral magnitude and power
activity, referenced to Cz. linked ears or an average
reference (e.g., Henriques and Davidson. 1990). To a
lesser extent they have examined coherence spectral
analysis (e.g., Hinrichs and Machleidt, 1992), EEG
dimensional complexity (e.g., Aftanas et al.. 1994),
and event-related evoked potentials (e.g., Chung et
al., in press; Kostandov and Arzumanov, 1986). As
new technologies and data analysis approaches be-
come available, we can further address the questions

raised within this present study to understand how
the brain processes emotion and how this is impacted
by individual differences in emotional processes.
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Appendix A

Verbatim instructions for happy and sad emotions
are provided below.

A.l. Happiness

We would like you to think of a very happy and
joyous experience you had at some time and re-expe-
rience this very happy and joyous emotion as much
as you can. You are to remain sitting still in the chair
so that we can record your EEG while you feel this
emotion of happiness. As you think of happiness and
perhaps a specific event that produced happiness for
you, you begin to have the feelings of happiness...
more and more intensely... more and more vividly.
You are becoming more and more happy... there is a -
feeling of being in good spirits... a cheerful sort of
feeling... You begin to feel more and more happy...
perhaps even without knowing why. You feel won-
derful. As if something marvelous has just
happened... or, is happening... You feel more and
more exhilarated... exuberant... ecstatic... euphoric
with happiness... Now, this happiness feeling is be-
coming more and more vivid as you feel it more and
more with your mind and your body... You will feel
this way more and more intensely... You feel this
sense of happiness throughout your body. It is an
exuberant feeling. This happiness will last until I
suggest to you that you no longer feel this particular
sensation of happiness. Now I am going to count
from 1 to 10 and as I count you will find that your
feeling of happiness deepens. 1... 2... 3... more and
more happy... 4... 5... a true sense of happiness... 6...
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7. 8.. 9 more and more happy... 10... You feel
happy and joyous... you fee! so happy, ecstatic and
euphoric. Now just sit quite still with your eyes
closed... experiencing this tremendous  feeling of
happiness... until you are told otherwise.

A.2. Sadness

We would like you to think of a very sad experi-
ence you had at some time and re-experience this
very sad emotion as much as you can. You are to
remain sitting still in the chair so that we can record
your EEG while you feel this emotion of sadness. As
you think of sadness and perhaps a specific event
that produced sadness for you, you begin to have the
feelings of sadness... more and more intensely...
more and more vividly. You are becoming more and
more sad... there is a feeling of being somber... a sad
sort of feeling... You begin to feel more and more
sad... perhaps even without knowing why. You feel
so sad. As if something very sorrowful has just
happened... or, is happening... You feel more and
more sad... listless... sad... low with sadness... Now.
this sadness feeling is becoming more and more
vivid as you feel it more and more with your mind
and your body... You will feel this way more and
more intensely... You feel this sense of sadness
throughout your body. It is a sorrowful feeling. This
sadness will last until I suggest to you that you no
longer feel this particular sensation of sadness. Now
[ am going to count from 1 to 10 and as [ count you
will find that your feeling of sadness deepens even
more. 1... 2... 3... more and more sad... 4... 5... a true
sense of sadness... 6... 7. 8.. 9 more and more
sad... 10... You feel so sad and unhappy... you feel
so sad, unhappy... so sad. Now just sit quite still with
your eyes closed... experiencing this tremendous
feeling of sadness... unti! you are told otherwise.

References

Aftanas. L.I.. Koshkarov. V.. Mordvintsev. Y.N. and
Pokrovskaja. V.L. (1994) Dimensional analysis of human EEG
during experimental affective experience. Int. J. Psychophys-
iol.. 18: 67-70.

Andresen. B.. Stemmler. G.. Thom. E. and Irrgang. E. (1984)
Methodological conditions of congruent factors: A comparison

of EEG frequency between hemispheres. Multivar. Behav.
Res.. 19: 3-32.

Annett, M. (1970) Classification of hand preference by association
analysis. Br. J. Psychol., 61: 303-321.

Atkinson, R.P. and Crawford, H.J. (1992) Individual differences
in afterimage persistence: Relationships to hypnotic respon-
siveness and visuospatial skills. Am. J. Psychol., 105: 527-
539.

Barlow. J.S. (1993) The Electroencephalogram: its Patterns and
Origins, MIT Press. Cambridge, MA.

Basar, E. (1990) Chaotic dynamics and resonance phenomena in
brain function: Progress, perspectives and thoughts. In: E.
Basar and T.H. Bullock (Eds.), Chaos in Brain Function.
Springer. New York. pp. 1-31.

Beaumont, J.G.. Young, A.W. and McManus, L.C. (1984) Hemi-
sphericity: A critical review. Cognit. Neuropsych., 1: 191-212.

Benton, A. (1986) Reaction time in brain disease: Some reflec-
tions. Cortex, 22: 129-140.

Bosel. R. (1992) Slow alpha in the EEG power spectrum as an
indicator for conceptual arousal. Zur. Exp. Angew. Psychol..
39; 372-395.

Bouyer. J.J.. Montaron, M.F.. Vahnee, JM., Albert, M.P. and
Rougeul. A. (1987) Anatomical localization of cortical beta
rhythms in cat. Neuroscience, 22: 863-869.

Bower. G.H. (1981) Mood and memory. Am. Psychol., 36: 129-
148.

Bower, G.H.. Gilligan, $.G. and Monteiro, K.P. (1981) Selectivity
of learning caused by affective states. 1. Exp. Psychol. Gen..
110: 451-473. )

Bryant. R.A. and McConkey, K.M. (1989) Hypnotic emotions and
physical sensations: A real-simulating analysis. Int. J. Clin.
Exp. Hypn., 37 305-319.

Chung. G.. Tucker. D.M., West. P.. Potts. G.F., Liotti, M., Luu. P.
and Harry. A.L. (1996) Emotional expectancy: Brain electri-
cal activity associated with an emotional bias in interpreting
life events. Psychophysiology. 33, 218-233.

Cohen. AS.. Rosen, R.C. and Goldstein, L. (1976) Electroen-
cephalographic laterality changes during human sexual or-.
gasm. Arch. Sex. Behav., 5: 198-199.

Cole. H.W. and Ray, W.I. (1985) EEG correlates of emotional
tasks related to attentional demands. Int. J. Psychophysiol.. 3:
33-41.

Collet, L. and Duclaux. R. (1987) Hemispheric lateralization of
emotions: Absence of electrophysiological arguments. Physiol.
Behav.. 40: 215-220.

Coppola. R. (1986) Issues in topographic analysis of EEG activity.
In: F.H. Duffy (Ed.). Topographic Mapping of Brain Electrical
Activity, Butterworths, Boston, MA, pp. 339-346.

Coppola, R. and Chassey. J. (1986) Subjects with low versus high
frequency alpha rhythm reveal different topographic structure.
EEG Clin. Neurophysiol.. 63: 41.

Crawford, H.J. (1981) Hypnotic susceptibility as related to gestalt
closure tasks. J. Pers. Soc. Psychol., 40: 376-383.

Crawford. H.J. (1982) Hypnotizability. daydreaming styles. im-
agery vividness and absorption: A multidimensional study. J.
Pers. Soc. Psychol., 42: 915-926.



262 H.J. Crawford et al. / International Journal of Psvchophysiologv 24 (1996) 239~266

Crawford, H.J. (1986) Imagery processing during hypnosis: Rela-
tionships to hypnotizability and cognitive strategies. In: M.
Wolpin, J.E. Shor and L. Krueger (Eds.), Imagery: Recent
Practice and Theory, Plenum Press, New York, pp. 13-32.

Crawford, H.J. (1989) Cognitive and physiological flexibility:
Multiple pathways to hypnotic responsiveness. In: V. Gheo-
rghiu, P. Netter, H. Eysenck and R. Rosenthal (Eds.), Sugges-
tion and Suggestibility: Theory and Research, Plenum Press,
New York, pp. 155-168.

Crawford, H.J. (1990) Cognitive and psychophysiological corre-
lates of hypnotic responsiveness and hypnosis. In: M.L. Fass
and D.P. Brown (Eds.), Creative Mastery in Hypnosis and
Hypnoana'lysis: a Festschrift for Erika Fromm, Plenum Press.
New York, pp. 47-54.

Crawford, H.J. (1994a) Brain dynamics and hypnosis: Attentional
and disattentional processes. Int. J. Clin. Exp. Hypn., 42
204--232.

Crawford, HJ. (1994b) Brain systems involved in attentjon and
disattention (hypnotic analgesia) to pain. In: K.H. Pribram
(Ed.), Origins: Brain and Self Organization, Laurence Erlbaum
Associates, Hillsdale. New Jersey, pp. 661-679.

Crawford, H.J. (1996) Cerebral brain dynamics of mental im-
agery: Evidence and issues for hypnosis. In: R.G. Kunzendorf.
N. Spanos and B. Wallace (Eds.), Imagination and Hypnosis.
Baywood Press, New York, pp. 253-281.

Crawford, H.J. and Allen, S.N. (1982) Group Stanford Hypnotic
Susceptibility Scale, Form C (unpublished manual), University
of Wyoming, Laramie, WY.

Crawford, H.J. and Allen, S.N. (1983) Enhanced visual memory
during hypnosis as mediated by hypnotic responsiveness and
cognitive strategies. J. Exp. Psychol. Gen., 112: 662-685.

Crawford, HJ. and Clarke, S.W. (in prep.) EEG brain dynamic
differences during eyes closed rest as moderated by hypnotic
susceptibility level.

Crawford, H.J. and Gruzelier, LH. (1992) A midstream view of
the neuropsychophysiology of hypnosis: Recent research and
future diréctions. In: E. Fromm and M.R. Nash (Eds.), Con-
temporary Hypnosis Research, Guilford Press. New York, PP
227-266.

Crawford. H.J. and MacLeod-Morgan, C. (1986) Hypnotic inves-
tigations of imagery: A critical review of relationships. In:
A.A. Sheikh (Ed.). International Review of Mental Imagery.
Vol. 2, Human Sciences Press. Inc.. New York, pp. 32-56.

Crawford, H.J. and Vasilescu, P. (1995c) Differential EEG pattern
activity of low and high sustained attention adults during
decision-making tasks. Psychophysiol.. 32 (Suppt. 1): S26.

Crawford, H.J., Nomura, K. and Slater, H. (1983) Spatial memory
processing: Enhancement during hypnosis. In: J.C. Shorr, J.
Conella, G. Sobel and T. Robin (Eds.). Imagery: Theoretical
Aspects and Applications, Human Sciences Press, Inc.. New
York, pp. 209-216.

" Crawford. H.I., Wallace, B.. Nomura, K. and Slater. H. (1986)
Eidetic-like imagery in hypnosis: Rare but there. Am. J.
Psychol., 99: 527-546.

Crawford, H.J., Brown, A.M. and Moon, C.E. (1993a) Sustained
attentional and disattentional abilities: Differences between

low and highly hypnotizable persons. J. Abnorm. Psychol..
102: 534-543,

Crawford, H.J., Gur. R.C., Skolnick, B., Gur, R.E. and Benson,
D.M. (1993b) Effects of hypnosis on regional cerebral blood
flow during ischemic pan with and without suggested hypnotic
analgesia. Int. J. Psychophysiol., 15: 181-195.

Crawford, H.J., Kapelis, L. and Harrison, D.W. (1995a) Visual
field asymmetry in facial affect perception: Moderating effects
of hypnosis. hypnotic susceptibility level, absorption and sus-
tained attentional abilities. Int. J. Neurosci., 82: 11-23.

Crawford, H.J., Knebel, T.F.. Vendemia, JM.C., Kaplan, L. and
Ratcliff. B. (1995b) EEG activation patterns during tracking
and decision-making tasks: Differences between low and high
sustained attention adults. Procceedings of the Eighth Int.
Symposium on Aviation Psychol., Columbus. Ohio, pp. 886-
890.

Crowson, Jr.. J.J.. Conroy, A.M. and Chester, T.D. (1991) Hypno-
tizability as related to visually induced affective reactivity. Int.
J. Clin. Exp. Hypn., 39: 140-144,

Cuthbert, B.N., Vrana, S.R. and Bradley, M. (1991) Imagery:
function and physiology. In: P.K. Ackles, J.H. Jennings and
M.G.H. Coles (Eds.), Advances in Psychophysiology, Vol. 4,
Kingsley, London, pp. 1-42.

Damaser, E.C., Shor, R.E. and Orne, M.T. (1963)' Physiological
effects during hypnotically requested emotions. Psychosomat.
Med., 25: 334-343,

Davidson. RJ. (1988) EEG measures of cerebral asymmetry:
Conceptual and methodological issues. Int. J. Neurosci.. 39:
71-89.

Davidson, R.J. (1992a) Anterior cerebral asymmetry and the
nature of emotion. Brain Cognit., 20: 125-151.

Davidson, R.J. (1992b) Prolegomenon to the structure of emotion:
Gleanings from neuropsychology. Brain Emot., 6: 245-268.
Davidson, R.J., Schwartz, G.E., Saron, C., Bennett, J. and Gole-
man, D.J. (1979) Frontal versus parietal EEG asymmetry
during positive and negative affect. Psychophysiology. 16:

202-203.

Davidson, R.J.. Schaffer, C.E. and Saron. C. (1985) Effects of
lateralized stimulus presentations on the self-report of emotion
and EEG asymmetry in depressed and non-depressed subjects.
Psychophysiology, 22: 353-364.

Davidson, R.J., Ekman. P.. Saron. C., Senulis, R, and Friesen.
W.V. (1990) Approach-withdrawal and cerebral asymmetry: L
Emotional expression and brain physiology. J. Pers. Soc.
Psychol.. 58: 333-341.

Dawson. G. (1994) Frontal electroencephalographic correlates of
individual differences in emotion expression in infants: A
brain systems perspective on emotion. In: N.A. Fox (Ed.). The
Development of Emotion Regulation: Biological and Behav-
ioral Considerations. Monographs of the Society for Research
in Child Development, Serial No. 240: 59, 135=151.

Dawson. G.. Grofer-Klinger, L., Panagiotides, H.., Hill, D. and
Spieker, S. (1992) Frontal lobe activity and affective behavior
of infants of mothers with depressive symptoms. Child Dev..
63: 725-737.

Delp. M.J. and Sackeim, H.A. (1987) Effects of mood on lacrimal



H.J. Crawford et al. / International Journal of Psychophysiology 24 (1996) 239-266 263

flow: Sex differences and asymmetry. Psychophysiology, 24:
550-556.

De Pascalis. V. and Palumbo. G. (1986) EEG alpha asymmetry:
Task difficulty and hypnotizability. Percept. Motor Skills. 62:
139-150.

De Pascalis. V., Marucci, F.S.. Penna, P.M. and Pessa. E. (1987)
Hemispheric activity of 40 Hz EEG during recall of emotional
events: Differences between low and high hypnotizables. Int.
J. Psychophysiol., 5: 167180

De Pascalis. V.. Marucci, F.S. and Penna. P.M. (1989) 40-Hz
EEG asymmetry during recall of emotional events in waking
and hypnosis: Differences between low and high hypnotiz-
ables. Int. J. Psychophysiol., 7: 85-96.

Derryberry, D. and Tucker, D.M. (1992) Neural mechanisms of
emotion. J. Counsel. Clin. Psychol.. 60: 329-338.

Dywan. J. and Bowers, K. (1983) The use of hypnosis to enhance
recall. Science. 222: 184-185.

Ekman, P. (1992) An argument for basic emotions. Cognil. Emot.,
6 169-200. :

Ekman, P. and Friesen, W.V. (1975) Unmasking the Face: A
Guide To Recognizing Emotions from Facial Clues, Prentice-
Hall, Englewood Cliffs. New Jersey.

Ekman, P. and Friesen, W. (1978) Pictures of Facial Affect.
Consulting Psychologists Press, Palo Alto, CA.

Ekman, P., Davidson. R.J. and Friesen. W.V. (1990) The Duchenne
smile: Emotional expression and brain physiology II. J. Pers.
Soc. Psychol.. 58: 342-353.

Fox, N.A. (1994) Dynamic cerebral processes underlying emotion
regulation. In: N.A. Fox (Ed.). The Development of Emotion
Regulation: Biological and Behavioral Considerations. Mono-
graphs of the Society for Research in Child Development,
Serial No. 240: 59. 152-166,

Friswell. R. and McConkey. K.M. (1989) Hypnotically induced
mood. Cognit. Emot.. 3: 1-26.

Gale, A. and Edwards, J.A. (1983) Psychophysiol. and individual
differences: Theory. research procedures and the interpretation
of data. Aust. J. Psychol.. 35: 361-378.

Gaunitz. S.C.B.. Nystrom-Bonnier, E. and Skalin M. (1980)
Posthypnotic suggestions and behavior change: High hypnotiz-
ables compared with simulations. Scand. J. Psychol.. 21:
269-273.

George. M.S.. Ketter, T.A.. Gill. D.S.. Haxby. J.V.. Ungerleider.
L.G.. Herscovitch, P. and Post. RM. (1993) Brain regions
involved in recognizing facial emotion or identity: An oxygen-
15 PET study. J. Neuropsychiatry, 5: 384-394,

Gevins. A.S. and Schaffer. R.E. (1980) A critical review of
electroencephalographic (EEG) correlates of higher cortical
functions. CRC Crit. Rev. Bioengin.. 4: 113-164.

Goncharova, L. and Davidson, R.J. (1995) The factor structure of
EEG: Differential validity of low and high alpha power asym-
metry in predicting affective style. Psychophysiology. 32
(Suppl. 1): S35.

Graffin, N.F.. Ray, W.J. and Lundy. R. (1995) EEG concomitants
of hypnosis and hypnotic susceptibility. J. Abnorm. Psychol..
104: 123-131.

Gruzelier, J.H. (1988) The neuropsychology of hypnosis. In: M.

Heap (Ed.), Hypnosis: Current Clinical. Experimental and
Forensic Practices, Croom Helm, London, pp. 68-76.

Harmon. D.W. and Ray, W.J. (1977) Hemispheric activity during
affective verbal stimuli: An EEG study. Neuropsychologia. 15:
457-460.

Harris. R.M., Porges. S.W., Carpenter, M.C. and Vincenz. L.M.
(1993) Hypnotic susceptibility, mood state and cardiovascular
reactivity. Am. J. Clin. Hypn., 36: 15-25.

Heller, W. (1993) Neuropsychological mechanisms of individual
differences in emotion, personality and arousal. Neuropsychol-
ogy. 7: 476-489.

Heller. W., Etienne. M.A. and Miller, G.A. (1995) Patterns of
perceptual asymmetry in depression and anxiety: Implications
for neuropsychological models of emotion and psychopathol-
ogy. J. Abnorm. Psychol.. 104: 327-333.

Henriques, J.B. and Davidson. R.J. (1990) Regional brain electri-
cal asymmetries discriminate between previously depressed
and healthy control subjects. J. Abnorm. Psychol., 99: 22-31.

Henriques, J.B. and Davidson. R.J. (1991} Left frontal hypoactiva-
tion in depression. J. Abnorm. Psychol., 100: 535-545.

Hermann. W.M. and Schaerer, E. (1986) Pharmaco-EEG: Com-
puter EEG analysis to describe the projection of drug effects
on a functional cerebral level in humans. In: F.H. Lopes da
Silva. W. Strom van Leeuwen and A. Remond (Eds.). Hand-
book of Electroencephalography and Clinical Neurophysiol-
ogy. Elsevier, Amsterdam.

Hilgard. E.R. (1965) Hypnotic Susceptibility, Harcourt, Brace and
World. New York.

Hinrichs. H. and Machleidt. W. (1992) Basic emotions reflected in
EEG-coherences. Int. J. Psychophysiol., 13: 225-232.

Hodge. J.R. and Wagner, E.E. (1964) The validity of hypnotically
induced emotional states. Am. J. Clin. Hypn.. 7: 37-41.

Howell. R.J. and Carlisle. L. (1971) The effect of hypnotically
induced and nonhypnotic mood changes on the Rorschach
Test. Int. J. Clin. Exp. Hypn., 19: 28-36.

Jasper. H.H. (1958) Report of committee on method of clinical
examination in electroencephalography. Electroencephalogr.
Clin. Neurophysiol.. 10: 370-375.

Jones. N.A. and Fox. N.A. (1992) Electroencephalogram asymme-
try during emotionally evocative films and its relation to
positive and negative affectivity. Brain Cognit., 20: 280-299.

Katayama. S.. Hori. Y.. Inokuchi. S.. Hirata. T. and Havashi. Y.
(1992) Electroencephalographic changes during piano playing
and related mental tasks. Acta Med. Okayama, 46: 23-29.

Klimesch. W. (1995) Memory processes described as brain oscil-
lations in the EEG-Alpha and theta bands. Psycholoquy, 6.06.

Klimesch. W.. Schimke, H.. Ladumner. G. and Pfurtscheller. G.
(1990) Alpha frequency and memory performance. J. Psy-
chophysiol.. 4: 381-390.

Klimesch. W.. Schimke, H. and Pfurtscheller, G. (1993) Alpha
frequency. cognitive load and memory performance. Brain
Topogr.. 5: 1-11.

Kline. J.P.. Schwantz, G.E.. Allen, J.J., Dikman. Z.V. and Fernan-
dez. M. (1994) EEG correlates of unconscious registration of
emotional words in repressive and defensive coping stvles.
Psychophysiology. 31 (Suppl. 1): $62.



264 H.J. Crawford et al. / International Journal of Psychophysiology 24 {1996) 239-266

Kolb, B. and Whishaw, 1.Q. (1990) Fundamentals of Human
Neuropsychology, 3rd edn.. W.H. Freeman, New York.

Kostandov, E.A. and Arzumanov. Yu.L. (1986) The influence of
subliminal emotional words on functional hemispheric asym-
metry. Int. J. Psychophysiol., 4: 143-147.

Krippner, S. and Bindler, P.R. (1974) Hypnosis and attention: A
review. Am. J. Clin. Hypn., 16: 166-177.

Kropotov, J.D., Crawford, H.J., Polyakov. Y.L (in press) So-
matosensory event-related potential changes to painful stimuli
during hypnotic analgesia: Anterior cingulate cortex and ante-
rior temporal cortex intracranial recordings in obsessive-com-
pulsives. Int. J. Psychophysiol.

Kuhlman. W.N. (1978) Functional topography of the human mu
rhythm. Electroencephalogr. Clin. Neurophysiol.. 43: 83-93.

Kukiken, D. and Mathews. J. (1986-87) EEG and facial EMG
changes during self-reflection with affective imagery. Imag.
Cognit. Pers., 6: 55-66.

Lang, P.J. (1979) A bio-informational theory of emotignal im-
agery. Psychophysiology, 16: 495-512. -

Laukka. SJ., Jirvilehto, T., Alexandrov, Y.I. and Lindqvist. J.
(1995) Frontal midline theta related to learning in a simulated
driving task. Biol. Psychol., 40: 313-320.

LeDoux, J.E. (1989) Cognitive-emotional interactions in the brain.
Cognit. Emot.. 3: 267-289.

Levine, S.C.. Yen, S. and Kim. HK. (1992) Lateralized auen-
tional orienting: Effects of individual differences in character-
istic arousal asymmetry [Abstract]. J. Clin. Exp. Neuropsy-
chol.. 14: 93.

Levy, J.. Heller, W., Banich. M.T. and Burton. L.A. (1983) Are
variations among right-handed individuals in perceptual asym-
metries caused by characteristic arousal differences between
the hemispheres? J. Exp. Psychol. Hum. Percept. Perform.. 9:
329-358.

Lopes da Silva, F. (1991) Neural mechanisms underlying brain
waves: From neural membranes to networks. Electroen-
cephalogr. Clin. Neurophysiol., 79: 81-93.

Lopes da Silva. F.H.. Van Rotterdam. A.. Storm van Leeuwen. W.
and Tielen. A.M. (1970) Dynamic characteristics of visual
evoked potentials in the dog. II. Beta frequency selectivity in
evoked potentials and background activity. Electroen-
cephalogr. Clin. Neurophysiol., 29: 260-268.

Lopes da Silva. F.H., Vos, J.E.. Mooibroek. J. and Van Rotter-
dam. A. (1980) Relative contributions of intracortical and
thalamocortical processes in the generation of alpha rhythms.
revealed by partial coherence analyses. Electroencephatogr.
Clin. Neurophysiol. 50. 449-456.

Lorig. T.S.. Singer. J.L.. Bonanno. G.A., Davis. P. and Schwartz.
G.E. (1994-95) Repressor personality styles and EEG patterns
associated with affective memory and thought suppression.
Imag. Cognit. Pers., 14: 203-210.

Luria, A.R. (1966) Higher Cortical Functions in Man. Basic. New
York.

MacLeod-Morgan, C. and Lack. L. (1982) Hemispheric speci-
ficity: A physiological concomitant of hypnotizability. Psy-
chophysiology. 19: 687-690.

Makeig. S. and Inlow. M. (1993) Lapses in alertness: Coherence

of fluctuations in performance and EEG spectrum. Electroen-
cephalogr. Clin. Neurophysiol., 86: 23-35.

Mann, C.A.. Sterman. M.B. and Kaiser. D.A. (1996) Suppression
of EEG rhythmic frequencies during somato-motor and visuo-
motor behavior. Int. J. Psychophysiol., 23, 1-7.

Matousek. M., Niith, A.L. and Petersén, 1. (1983) Spontaneous
vigilance fluctuations in the daytime as reflected by EEG and
psychological variables. Adv. Biol. Psychiatry, 13: 13-18.

McConkey. K.M. (1989) Complexities of hypnotic mood and
memory. Special issue: Mood and memory: Theory, research
and applications. J. Soc. Behav. Pers.. 4: 53-56.

Mecklinger. A. and Bosel. R. (1989) Veraenderungen im EEG-
Frequenzspektrum bei verscheiden Phasen mentaler Belastung.
Sur Exp. Angew. Psychol., 36: 453-475.

Mészaros. [. and Bényai. E.I. (1978) Electrophysiological charac-
teristics of hypnosis. In: K. Lissak (Ed.). Neural and Neurohu-
moral Organization of Motivated Behavior. Akademii Kiado.
Budapest. pp. 173-187.

Meésziros. 1., Crawford, H.J.. Szab6. C.. Nagy-Kovics, A. and
Révész. M.A. (1989) Hypnotic susceptibility and cerebral
hemisphere preponderance: Verbal-imaginal discrimination
task. In: V. Gheorghiu. P. Netter. H. Eysenck and R. Rosen-
thal (Eds.). Suggestion and Suggestibility: Theory and Re-
search. Springer-Verlag, pp. 191-204,

Meyers, M. and Smith. B.D. (1986) Hemispheric asymmetry and
emotion: Effects of nonverbal affective stimuli. Biol. Psychol..
22: 11-22.

Meyers, M.B. and Smith. B.D. (1987) Cerebral processing of
nonverbal affective stimuli: Differential effects of cognitive
and affective sets on hemispheric asymmetry. Biol. Psychol..
24: 67-84.

Nakagawa. Y. (1988) Continuous observation of daytime EEG
patterns in normal subjects under restrained conditions while
sitting in armchair or on stool. Part 2. Jpn. J. Psychiatry
Neurol.. 42: 247-264. '

Nyborg, H. (1994) The neuropsychology of sex-related differ-
ences in brain and specific abilities: Hormones. developmental |
dynamics and new paradigms. In: P.A. Vernon (Ed.). The
Neuropsychology of Individual Differences. Academic Press.
San Diego. pp. 59-113. .

Pardo. J.V.. Pardo. P.J. and Raichle. M.E. (1993) Neural corre-
lates of self-induced dysphoria. Am. J. Psychiatry, 150: 713-
719.

Pfurtscheller. G. and Klimesch., W. (1991) Event-related desyn-
chronization during motor behavior and visual information
processing. In: C.H.M. Brunia. G. Mulder and M.N. Verbaten
(Eds.), Event-Related Brain Research, EEG Suppl. 42: 58-635.

Pfurtscheller. G.. Flotzinger. D. and Neuper, O. (1994) Differenti-
ation between finger, toe and tongue movement in man based
on 40 Hz EEG. Electroencephalogr. Clin. Neurophysiol.. 90:
456-480.

Piccione. C.. Hilgard. E.R. and Zimbardo. P.G. (1989) On the
degree of stability of measured hypnotizability over a 25-year
period. J. Pers. Soc. Psychol., 56: 289-295.

Pribram. K.H. (1967) The new neurology and the biology of
emotion: A structural approach. Am. Psychol.. 22: 830-838.



H.J. Crawford et al. / International Journal of Psvchophysiology 24 (1996) 239266 265

Pribram. K.H. (1981) Emotions. In: S.B. Filskov and T.J. Boll
(Eds.). Handbook of Clinical Neuropsychology. Wiley. New
York, pp. 102~134.

Pribram. K.H. (1991) Brain and Perception: Holonomy and Struc-
ture in Figural Processing. Erlbaum. Hillsdale. New Jersey.
Priecbe. F.A. and Wallace. B. (1986) Hypnotic susceptibility.
imaging ability and the detection of embedded objects. Int. J.

Clin. Exp. Hypn., 34: 320-329. )

Ray, W.J. and Cole. HW. (1985) EEG alpha activity reflects
attentional demands and beta activity reflects emotional and
cognitive processes. Science, 228: 750-752.

Roche. S.M. and McConkey, K.M. (1990) Absorption: Nature,
assessment and correlates. J. Pers. Soc. Psychol., 59: 91-101.

Rougeul, A., Bouyer, J.. Dedet. L. and Debrey. D. (1979) Fast
somato-parietal rhythms during combined focal attention and
immobility in baboon and squirrel monkey. Electroen-
cephalogr. Clin. Neurophysiol., 46: 310-319.

Sabourin, M.E., Cutcomb, S.D., Crawford. H.J. and Pgibram. K.
(1990) EEG correlates of hypnotic susceptibility and hypnotic
trance: Spectral analysis and coherence. Int. J. Psychophysiol..
10: 125-142.

Schacter. D.L. (1977) EEG theta waves and psychological phe-

’ nomena: A review and analysis. Biol. Psychol.. 5: 47-82.

Schellberg. D.. Besthorn, C.. Pfleger. W. and Gasser. T. (1993)
Emotional activation and topographic EEG band power. J.
Psychophysiol.. 7: 24-33.

Schellberg. D.. Besthorn. C.. Klos. T. and Gasser, T. (1990) EEG
power and coherence while male adults watch emotional video
films. Int. J. Psyvchophysiol.. 9: 279-291.

Schwarz, E.. Kielholz. P.. Hobi. V.. Goldberg. L.. Hofstetter. M.
and Ladewig. D. (1982) Changes in EEG. blood levels. mood
scales and pertormance scores during long term treatment with
diazepam. phenobarbital or placebo in patients. Prog. Neu-
ropsychopharmacol., 6: 249-263.

Shagass. C. (1972) Electrical activity of the brain. In: N.S.
Greenfield and R.A. Sternbach (Eds.). Handbook of Psy-
chophysiology. Holt. Rinehart and Winston. New York. pp.
263-328.

Sheehan. P.W, (1982) Imagery and hypnosis: Forging a link. at
least in part. Res. Commun. Psychol.. Psychiatry Behav.. 7:
257-272.

Sheer. D.E. (1976) Focused arousal. 40 Hz EEG. In: R.M. Knight
and D.J. Bakker (Eds.). The Neuropsychology of Leurning
Disorders. University Park Press. Baltimore, pp. 71-87.

Sheer. D.E. (1989) Sensory and cognitive 40-Hz event-related
potentials: Behavior correlates. brain function and clinical
applications. In: E. Basar and T.H. Bullock (Eds.). Brain
Dynamics. Vol. 2. Springer-Verlag. Berlin, pp. 339-374.

Shor. R.E. and Ome. M.T. (1962) Harvard Group Scale of
Hypnotic Susceptibility. Form A. Consulting Psychologists
Press. Palo Alto. CA.

Simonov. P.V. (1986) The Emotional Brain: Physiology. Neu-
roanatomy. Psychology and Emotion (trans. M.J. Hall). Plenum
Press. New York.

Smith. B.D.. Meyers. M.. Kline. R. and Bozmun. A. (1987)
Hemispheric asymmetry and emotion: Lateralized parietal pro-
cessing of affect and cognition. Biol. Psychol.. 25: 247-260).

Smith. B.D.. Meyers. M. and Kline. R. (1989) Parietal processing
of affect and cognition: Cerebral organization in strongly
lateralized left-handed subjects. Biol. Psychol.. 29: 11-26.

Smith. B.D., Kline. R. and Meyers, M. (1990) The differential
hemispheric processing of emotion: A comparative analysis in
strongly-lateralized sinistrals and dextrals. Int. J. Neurosci..
50: 59-71.

Sobotka. S.. Davidson, R.J. and Senutis, J. (1992) Anterior brain
electrical asymmetries in response to reward and punishment.
Electroencephalogr. Clin. Neurophysiol., 83: 236-247.

Spiegel. D.. Bierre. P. and Rootenberg. J. (1989) Hypnotic alter-
ation of somatosensory perception. Am. J. Psychiatry. 146:
749-754.

Spielberger. C.D.. Gorsuch, R.L. and Luchene, R.E. (1970) Man-
ual for the State-Trait Anxiety Inventory.Palo Alto. CA: Con-
sulting Psychologists Press.

Stenberg. G. (1992) Personality and the EEG: Arousal and emo-
tional arousability. Pers. Individ. Differ., 13: 1097-1113.
Steriade. M., Gloor. P., Llinas, R.R.. Lopes da Silva, F.H. and
Mesulam, M.M. (1990) Basic mechanisms of cerebral rhyth-
mic activities. Electroencephalogr. Clin. Neurophysiol.. 76:

481-508.

Sterman. M.B. (1996) Physiological origins and functional corre-
lates of EEG rhythmic activities: Implications for self-regu-
lation. Biofeed. Self-Regul. 21: 3-33.

Sterman. M.B. and Bowersox, S.S. (1981) Sensorimotor EEG
thythmic activity: A functional gate mechanism. Physiol. Rev..
68: 649-742.

Sterman. M.B. and Mann, C.A. (1995) Concepts and applications
of EEG analysis in aviation performance evaluation. Biol.
Psychol.. 40: 115-130.

Sterman. M.B., Mann. C.A.. Kaiser. D.A. and Suyenobu. B.Y.
(1994) Multiband topographic EEG analysis of a simulated
visuomotor aviation task. Int. J. Psychophysiol.. 16 49-356.

Stoyva. J. (1973) Biofeedback techniques and the conditions for
hallucinatory activity. In: F.J. McGuigan and R.A. Schoonover
(Eds.). The Psychophysiology of Thinking. Academic Press.
New York. pp. 387-414.

Talairach. J.. Bancaud. I.. Geier, S.. Bordas-Ferrer. M.. Bonis. A..
Szikla. G. and Rusu. M. (1973) The cingulate gyrus and
human behavior. EEG Clin. Neurophysiol., 34: 45-52.

Tellegen. A. and Atkinson. C. (1974) Openness to absorbing and
self-altering experiences (*absorption’). a trait related to hyp-
notic susceptibility. J. Abnorm. Psychol., 83: 268-277.

Tomarken. A.J.. Davidson, R.J. and Henriques. J.B. (1990) Rest-
ing frontal brain asymmetry predicts affective response to
films. J. Pers. Soc. Psychol.. 59: 791-801.

Tomarken. A.J.. Davidson, RJ.. Wheeler. RW. and Doss. R.
{1992) Individual differences in anterior brain asymmetry and
tundamental dimensions of emotion. J. Pers. Soc. Psychol.. 62:
676-687.

Tucker. D.M. (1981) Lateral brain function. emotion and concep-
tualization. Psychol. Bull.. 89: 19-46. .
Tucker. D.M. and Dawson. S.L. (1984) Asymmetric EEG changes

as method actors generated emotions. Biol. Psychol.. 19:
63-75.
Tucker. D.M. and Williamson. P.A. (1984) Asymmetric neural



266 H.J. Crawford et al. / International Journal of Psvchophysiology 24 (1996} 239-266

control systems in human self-regulation. Psychol. Rev.. 91:
185-215. .

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

Valentino, D.A. and Dufresne, L.R. (1993) Autention tasks and
EEG power spectra. Int. J. Psychophysiol., 11: 299-301.
Vogel, G.W.. Broverman. D.M. and Klaiber, E.L. (1968) EEG
and mental abilities. Electroencephalogr. Clin. Neurophysiol..

24: 166-175.

Walker, N.S., Garrett, J.B. and Wallace, B. (1976) Restoration of
eidetic imagery via hypnotic age regression: A preliminary
report. J. Abnorm. Psychol., 85: 335-337.

Wallace. B. (1978) Restoration of eidetic imagery via hypnotic
age regression: More evidence. J. Abnorm. Psychol.. 87:
673-675.

Wallace, B. (1986) Latency and frequency to the Neckey Cube
illusion: Effects of hypnotic susceptibility and mental arith-
metic. J. Gen. Psychol.. 113: 187-194.

Wallace. B. (1988) Imaging ability, visual search strategies and
the unvividness paradox. J. Ment. Imag., 12: 173-184.

Wallace. B. (1990) Imagery vividness. hypnotic susceptibility and
the perception of fragmented stimuli. J. Pers. Soc. Psychol..
58: 354-359. ‘

Wallace. B., Allen. P.A. and Weber, T.A. (1994) Hypnotic sus-
ceptibility, imaging ability and the detection of embedded
words within letters. Int. J. Clin. Exp. Hypn., 57: 20-38.

Walter, W.G. (1959) Intrinsic rhythms of the brain. In: Field. J.
(Ed.) Handbook of Physiology, Section I. Washington, DC:
American Physiological Society, pp. 279-298.

Watson. D. and Tellegen, A. (1985) Toward a consensual struc-
ture of mood. Psychol. Bull., 98: 219-235.

Weitzenhoffer. A.M. and Hilgard. E.R. (1962) Stanford Hypnotic
Susceptibility Scale, Form C. Consulting Psychologists Press.
Palo Aito, CA.

Wexler. B.E.. Warrenburg, S., Schwartz. G.E. and Janer, L.D.
(1992) EEG and EMG responses to emotion-evoking stimuli
processes without conscious awareness. Neuropsychologia. 30:
1065-1079.



Instructions to Authors
These can be found on pages v and vi of this issue

Elsevier Science B.V.
Fax: (31) (20) 485 2431
Phone: (31) (20) 485 3426

Postal Address: Courier Service Address:
International Journal of Psychophysiology International Journal of Psychophysiology
Elsevier Science B.V. Elsevier Science B.V.
Log-in Department Log-in Department
P.O. Box 2759, 1000 CT Amsterdam Molenwerf 1, 1014 AG Amsterdam
The Netherlands The Netherlands
* ¥k %k

If you need information about your accepted manuscript, proof, etc. then phone or FAX us at the above
numbers, stating the journal name and article code number. We can also FAX this journal’s Instructions to
Y Authors to you.

US mailing info — The International Journal of Psychophysiology (ISSN 0167-8760) is published monthly.
except in January, (total 11 issues), by Elsevier Science NL (P.O. Box 211, 1000 AE Amsterdam. The
Netherlands). _

Annual subscription price in the USA US$1121 .00 (valid in North, Central and South America), including air
speed delivery. Periodicals postage paid at Jamaica, NY 11431.

USA POSTMASTERS: Send address changes to: International Journal of Psychophysiology, Publications
Expediting, Inc., 200 Meacham Avenue, Elmont, NY 11003.

AIRFREIGHT AND MAILING in the USA by Publications Expediting Inc., 200 Meacham Avenue, Elmont.
NY 11003.




