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EEG Concomitants of Hypnosis and Hypnotic Susceptibility

Nancy F. Graffin, William J. Ray, and Richard Lundy
Pennsylvania State University

Electroencephalograph (EEG) measures described high- and low-hypnotizable participants in terms
of 3 conditions: an initial baseline period; baselines preceding and following a standard hypnotic
induction; and during the induction. The following results were obtained. 1. High and low-hypnotic
susceptible participants displayed a differential pattern of EEG activity during the baseline period,
characterized by greater theta power in the more frontal areas of the cortex for the high-susceptible
participants. 2. In the period preceding and following a standardized hypnotic induction, low-
susceptible participants displayed an increase in theta activity, whereas high-susceptible participants
displayed a decrease. 3. During the actual hypnotic induction itself, theta power significantly in-
creased for both groups in the more posterior areas of the cortex, whereas alpha activity increased
across all sites. Implications of these data include the possibility of psychophysiological measures
offering a stable marker for hypnotizability, and anterior/posterior cortical differences being more
important than hemispheric foci for understanding hypnotic processes.

Ever since Benjamin Franklin led the French royal inquiry
into the work of Mesmer in the 1780s (Franklin et al., 1784), the
nature of hypnosis has remained a scientific enigma. Although
Mesmer emphasized the individual's receptivity to the hypnotic
process (cf. Laurence & Perry, 1988), much of the historical
debate has focused on the nature of hypnosis itself (see Kihl-
strom, 1985, for an overview), with two major views emerging
over the years (Dixon & Laurence, 1992). The present-day ver-
sion of the first view, currently referred to as the neodissociation
model (Hilgard, 1992) or special process view, draws from Janet
(1889) and suggests that hypnosis reflects the activation of vari-
ous subsystems of control (e.g., Hilgard, 1986), which we as-
sume to be represented psychophysiologically. Although not
clearly stated, the neodissociative model assumes that during
the hypnotic process normal cognitive functioning is altered or
modified in predictable ways. The alternative model, often sim-
ply called the social psychological view, suggests that hypnosis is
best explained in terms of suggestibility, positive attitudes, and
expectations (Spanos & Coe, 1992). In fact, the second model
suggests that hypnosis is not a special state but only the result of
a social psychological interchange. This debate concerning the
nature of hypnosis has informed much of the research pub-
lished in such journals as the present one during the past 20
years.

Researchers have also examined the role of individual differ-
ences in terms of hypnotic responsivity (see Fromm & Nash,
1992, for an overview), often called hypnotic susceptibility. Sus-
ceptibility has been shown to be as stable a measure of individ-
ual differences as measures of IQ or various personality inven-
tories when considered over 10-, 15-, and 25-year periods (Pic-
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cione, Hilgard, & Zimbardo, 1989). However, given this
stability, it is surprising that few individual difference variables
can reliably predict hypnotizability (Kirsch & Council, 1992;
Silva & Kirsch, 1992). One possibility may lie in measures of
electrocortical activity, as has been shown in other contexts
(e.g., Tomarken, Davidson, & Henriques, 1990). It is the pur-
pose of our research to seek such an index as well as physiologi-
cally describe the nature of the hypnotic state.

Numerous attempts have been directed at the electrocortical
concomitants of hypnosis (see Crawford & Gruzelier, 1992, for
a recent review). Historically, this work can be traced to the
work of James Braid in the 1800s, in which a physiological basis
for the hypnotic process was presented (Braid 1843/1960;
Kravis, 1988). Reading Braid's papers allows one to see the
roots of current debates concerning the nature of the hypnotic
process. However important the questions, the research was not
always available to address their significance. Today, with the
availability of more sophisticated multichannel recording tech-
nologies and signal processing approaches, it is possible to re-
consider and update previous attempts to describe electrocorti-
cal correlates of hypnosis. Although there exist a variety of stud-
ies using a plethora of technologies dating from different eras,
making comparisons of empirical research difficult, the re-
search can be approached in terms of three broad questions.
Is there a psychophysiological index in the normal state that
distinguishes between individuals who are easily hypnotized
(high susceptible) and those who are not (low susceptible)? Do
there exist electrocortical differences that distinguish the nor-
mal waking state from that of hypnosis? Do high- and low-
susceptible people show psychophysiological differences in the
hypnotized state (a possibility not predicted by the social psy-
chological view of hypnosis)?

Historically, Gorton (1949) suggested that an electroenceph-
alogram (EEG) recorded during hypnosis was similar to that of
the waking state and different from that of sleep. During the
next decade there was a shift to suggest that hypnosis most re-
sembles light sleep (cf. Barker & Burgwin, 1949; Franck, 1950).
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With the arrival of more sophisticated signal processing tech-
niques, there was a trend to examine EEG in the alpha band (8-
12 Hz). This literature has been interpreted as equivocal (e.g.,
Sabourin, 1982) or poorly designed and controlled (e.g., Perlini
& Spanos, 1991). However, the question of an electrocortical
concomitant of the hypnotic experience has also been shown to
be mediated by an individual's susceptibility or responsiveness
to hypnotic inductions and suggestions.

In terms of hypnotic susceptibility, initial studies (cf. London,
Hart, & Liebovitz, 1968; Morgan, MacDonald, & Hilgard,
1974; Nowlis & Rhead, 1968) suggested that highly hypnotiz-
able people produced more EEG alpha in resting (eyes closed)
conditions than low-hypnotizable people. However, Evans
(1973) did not show this difference and suggested that previous
results were biased by demand characteristics. In his review,
Dumas (1977) suggested that the alpha-hypnotizability rela-
tionship resulted from biased subject selection, a conclusion not
supported by Barabasz (1983). In their critical review of alpha
and hypnotizability, Perlini and Spanos (1991) concluded that
there is little support for an alpha-hypnotizability relationship.
However, these reviewers did not suggest that the search for such
a relationship is fruitless, but only that the previous questions
were simplistic and were based on unsupported assumptions
(e.g., the relationship between alpha and arousal).

Other research in terms of alpha activity was formulated
within the hemispheric specificity hypothesis that measured a
ratio of right to left hemispheric alpha activity during various
tasks. In this vein, MacLeod-Morgan (1979) reported that high-
hypnotizable people showed greater lateralization, according to
the alpha ration, than low-hypnotizable ones. Furthermore, it
was suggested (MacLeod-Morgan, 1982) that hypnosis is a
right-hemispheric task, although this suggestion has not been
consistently replicated (MacLeod-Morgan, 1985). Consistent
with this view, LaBriola, Karlin, and Goldstein (1987) reported
that high-hypnotizable people displayed increased relative right
hemispheric activation during hypnosis whereas low-hypnotiz-
able people did not. Sabourin, Cutcomb, Crawford, and Pri-
bram (1990) did not find such a relationship using the more
common monopolar montage. Furthermore, Crawford and
Gruzelier (1992) concluded their review of this issue by suggest-
ing that high-susceptible people do not exhibit greater specific-
ity in the right hemisphere, but that these subjects are charac-
terized by a specificity in either hemisphere in comparison to
the low-susceptible people.

The most solid relationship between electrocortical activity,
hypnosis, and hypnotizability exists in the EEG theta (generally,
4-8 Hz) range (see Crawford & Gruzelier, 1992, for a review).
Historically, theta has been associated with a variety of pro-
cesses, including the cessation of a pleasurable activity, hypna-
gogic imagery, meditation, rapid eye movement sleep, problem
solving, and focused attention (Schacter, 1976; Walter, 1953; see
Schacter, 1977, for a comprehensive review of theta activity; see
Ray, 1990, and Basar-Eroglu, Basar, Demiralp, & Schiirmann,
1992, for a discussion of EEG including theta). In general, theta
activity has been associated with inhibitory processes that Vo-
gel, Broverman, and Klaiber (1968) describe as either Class I or
Class II. Class I activity is characterized by gross inactivation of
an entire excitatory process such as that which would result in
relaxation. Class II activity is illustrated by selective inactiva-

tion as present during the performance of overlearned behav-
iors. In other work, theta has been associated with continuous
concentration of attention (Bruneau, Sylvie, Guerin, Garreau,
& Lelord, 1993; Ishihara & Yoshii, 1972; Mizuki, Tanaka,
Isozaki, Nishijima, & Inanaga, 1980) and selective attention
(Basar-Eroglu et al., 1992). In terms of hypnotic susceptibility,
Galbraith, London, Leibovitz, Cooper, and Hart (1970), using
stepwise regression methods, reported that baseline EEG activ-
ity in the theta range was most predictive of hypnotic suscepti-
bility. These authors further suggested that theta activity re-
flected the highly susceptible person's ability to focus attention
narrowly and ignore competing stimuli. In general, studies have
reported a strong relationship between theta and hypnotic sus-
ceptibility across a wide variety of sites as well as the presence of
theta during an hypnotic induction (cf. Crawford & Gruzelier,
1992; Galbraith etal., 1970; Sabourin etal., 1990).

Overall, it is not difficult to agree with the critical reviews of
previous EEG hypnosis research. Some of the global method-
ological problems have included inadequate establishment of
stable hypnotic susceptibility, limited electrode placement, and
inadequate signal processing technologies. We designed the
present study to address many of these methodological weak-
nesses. We asked three questions that reflect important issues in
the history of hypnosis research. First, to examine the individ-
ual difference of hypnotic susceptibility, we asked whether ini-
tial electrocortical differences existed between high- and low-
hypnotizable people in the initial baseline condition. Second,
we asked whether there existed electrocortical correlates to the
hypnotic process itself, and third, we asked whether EEG corre-
lates during hypnosis were mediated by hypnotic susceptibility.
Given the importance of this information, it is surprising that
more studies have not attempted such a broad-based approach.
The answers to these questions will allow for better clarification
of future questions related to the underlying bases of the hyp-
notic process, its similarity to other apparently similar pro-
cesses (e.g., relaxation and imagery), and its relation to individ-
ual differences in terms of hypnotic susceptibility.

Method

Participants

Participants were recruited and selected from the introductory psy-
chology pool at Pennsylvania State University. Initially, 805 participants
were administered the Penn State Scale of Hypnotizability (PSSH;
Davis, 1989; Hutchinson, 1988; Lundy, Pepe, Hutchinson, Davis, &
Ray, 1994; Pepe, 1984) in a group setting. In an earlier psychometric
study of the PSSH that involved 729 participants, the mean was 7.6 (SD
= 5.42), the Cronbach alpha was .90, and split-half reliability was high
(Pepe, 1984). In the present study we contacted those who scored above
16 (90th percentile) or below 3 (20th percentile) on the PSSH for the
laboratory segment of our study. Handedness was assessed by a ques-
tionnaire adapted from Rackowski, Kalat, and Nebes (1974). Only
those who had no history of left handedness in their family were used
in the study. During the first laboratory session 61 participants were
individually administered the Stanford Hypnotic Susceptibility Scale,
Form C (SHSS:C; Weitzenhoffer & Hilgard, 1962). Those scoring 10
and above (high hypnotizability) or 3 and below (low hypnotizability)
were asked to participate in a second laboratory study. All eligible par-
ticipants agreed to participate in the second laboratory session. A total
of 14 low-susceptible participants (8 women and 6 men) and 13 high-
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susceptible participants (7 women and 6 men) completed the entire
study. Because of technical problems, data from 2 low-susceptible fe-
male participants were not used in the analyses.

Apparatus

We followed standard psychophysiological procedures for skin prep-
aration and recording parameters (cf. Ray, 1990; Stern, Ray, & Davis,
1980) for EEG, heart rate, and respiration. EEG was recorded using the
Electro-Cap International Electro-Cap System (a lycra cap manufac-
tured by Electro-Cap International, Inc. Eaton, Ohio) and a 21-channel
Nihon-Kohden electroencephalograph (Model 4321 B). EEG was re-
corded from the left and right frontal, temporal, parietal, and occipital
sites (F3, F4, T3, T4, P3, P4, O,, and O2, respectively) according to the
international 10/20 system (Jasper, 1958), with the electrodes being ref-
erenced to linked ears (AA). All electrode impedances were below 5K.
ohms. Nihon-Kohden high-pass and low-pass niters (—3 dB) were set at
0.5 and 35 Hz, respectively, with a notch filter set at 60 Hz. For heart
rate, sliver/silver chloride electrodes were placed above the right and left
rib cage. Respiration data were collected through a straingauge placed
over each participant's clothing at the waist. Heart rate and respiration
data were amplified using a Beckman R611 polygraph. All physiological
data were digitized at 100 Hz by a DEC Micro-Vax computer equipped
with a 32-channel analog-to-digital converter (AQ32) using VaxLab ac-
quisition and processing software. Physiological data for each trial were
collected for 30 s. EEG data analysis consisted of applying a Hamming
window to each of five nonoverlapping epochs (512 data points each) in
each trial. Each epoch was then fast Fourier transformed (FFT) and a
power spectrum calculated for each epoch. Then, the 5 epochs for each
trial were averaged for each frequency band. Paper records as well as
videotape of all sessions were also maintained and examined for poten-
tial artifacts. For this article, data are presented in terms of the theta
(3.91-8 Hz), alpha (8.01 -12.5 Hz), and beta (17.97-30.08 Hz) bands.

Procedures

Overview. All participants were tested individually in the two exper-
imental sessions. Session 1 was composed of a standard scale of hyp-
notic induction (SCHHiC) and served to replicate the hypnotizability
of the participants as originally determined in the group setting. Session
2 examined psychophysiological concomitants of a variety of tasks dur-
ing both trance and nontrance states for the two groups. Results from
these tasks are not presented in this article.

Session 1. On arriving at the lab, each participant was given a writ-
ten explanation of the study, an informed consent form, and an 18-
item handedness questionnaire that asked for handedness of both the
participant and his or her parents and siblings as well as handedness in
relation to particular tasks. After completing these forms, the partici-
pant had an opportunity to ask questions. The participant was seated in
a comfortable chair and the electrodes were applied. After the experi-
menter left the room, the participant was instructed through an inter-
com to close his or her eyes and relax and to minimize movement during
this time. Baseline measures were taken during the next 2 min. Psycho-
physiological measures recorded during Session 1 were collected for pi-
lot purposes and were not formally analyzed.

After the baseline period, the experimenter returned to the room and
administered the SHSS:C. This instrument consists of a 10-15-min eye
fixation hypnotic induction, followed by a series of 12 challenges. On
completion of the SHSSrC, the experimenter left the room and an addi-
tional eyes-closed 2-min baseline was taken. Those who scored within
the prescribed cutoff range (<3 for low susceptibility and a 10 for high
susceptibility) were asked to participate in an additional laboratory
session.

Session 2. At the beginning of the session, participants were given
an overview of the session and an opportunity to ask questions. Elec-

trodes for EEG, heart rate, and respiration were attached to each indi-
vidual. A computer monitor was placed in front of the individual and
the experimenter left the room. All instructions for this sessions were
tape recorded. Except as noted, all participants were instructed to close
their eyes during all EEG sessions discussed in this article. Following an
initial 2-min baseline period (two 30-s samples taken at 30 s and 1 min
30 s into the baseline), they were given a variety of structured verbal,
spatial, imagery, and Stroop tasks, followed by a 2-min baseline (EEG
sampled at 30 s and 1 min 30 s into the baseline). At this point a 10-min
recorded hypnotic induction (modeled after the SHSS:C) was begun
with 30-s EEG samples being taken every 2 min at precise points. Fol-
lowing the induction, a 30-s baseline was taken. After the induction,
similar verbal and spatial tasks were readministered with the addition
of an odor hallucination. At this point two final 2-min baselines were
taken. The present article will focus on: (a) the baseline EEG recorded
at the beginning of the session; (b) baselines recorded prior to and after
the administration of the hypnotic induction; and (c) measurements
taken at predetermined points within the hypnotic induction.

Results

The data will be presented in terms of the three questions
asked. Because of the potential bias inherent in using repeated
measures analyses of variance (ANOVAs), degrees of freedom
and significance levels were chosen to decrease the probability
of Type I errors (see Vasey & Thayer, 1987, for a discussion of
this issue). Here, we use ap level of .01 for all comparisons, and
we report all analyses that reach these levels. Data are presented
in terms of natural log transformations.

Baseline Individual Differences

The baseline data were analyzed in terms of three frequency
bands: theta, alpha, and beta. For each frequency, an overall
ANOVA (BMDP 2V) examining gender (male vs. female) by
hypnotic susceptibility (high vs. low) by cortical area (frontal,
temporal, parietal, occipital) by hemisphere (left vs. right) by
baseline (2 initial baseline trials) was performed. There were
significant site effects for each of the frequency bands; for theta,
F(3, 63) = 43.81, p < .0001; for alpha, F(3, 63) = 35.68, p <
.0001; and for beta, F(3,63) = 8.84, p < .0001. Thus, a 2 (high-
vs. low-hypnotic susceptibility) X 2 (hemisphere) X 2 (initial
baseline trials) ANCAA was performed for each of the four sites
individually by frequency band.

Theta. High hypnotic-susceptible individuals had signifi-
cantly more theta activity at the frontal and the temporal areas
than low-susceptible individuals, F(l, 21) = 10.62, p < .0038,
and F ( l , 21) = 13.99, p < .0012, respectively. The posterior
areas (i.e., parietal and occipital) reflected no differences be-
tween hypnotic susceptible groups on baseline. Figure 1 pre-
sents these data. There were gender differences in the occipital
areas, F ( l , 21) = 8.87, p < .0072, with women showing more
theta power than men. There was also a significant interaction
between gender and hypnotic susceptible in the occipital areas,
F( 1,21) = 11.09, p < .0032, with high-susceptible men showing
less theta power than low-susceptible women as opposed to low-
susceptible individuals who show similar theta power.

Alpha. High- versus low-hypnotizable EEG differences
were found only for the temporal area, F(\, 21) = 9.62, p <
.0054, in which high-susceptible participants had significantly
greater alpha power. There was also significant interaction, F(\,
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Figure 1. Baseline electroencephalogram theta power for high- and
low-susceptible participants. Significance levels shown are for the main
effect of hypnotic susceptibility. Data natural log transformed.

21) = 11.26, p < .003, between gender and hypnotic suscepti-
bility in the occipital areas, with high-susceptible women show-
ing greater alpha power than high-susceptible men as opposed
to low-susceptible women, who showed less alpha power than
low-susceptible men.

Beta. No differences were found for baseline EEG in terms
of high versus low susceptibility for this frequency band.

EEG Differences Before and After the Hypnotic
Induction

The baseline data preceding and following the hypnotic in-
duction were analyzed in terms of three frequency bands: theta,
alpha, and beta. For each frequency, an overall ANOVA (BMDP
2V) examining gender (male vs. female) by hypnotic suscepti-
bility (high vs. low) by cortical area (frontal, temporal, parietal,
occipital) by hemisphere (left vs. right) by baseline (pretrial and
posttrial) was performed. We found significant site effects in
each of the frequency bands: for theta, F(3, 63) = 49.68, p <
.0001; for alpha, F(3, 63) = 38.24, p < .0001; and for beta, F(3,
63) = 18.61, p < .0001. Therefore, a 2 (high- vs. low-hypnotic
susceptibility) X 2 (hemisphere) X 2 (pretrial and posttrial)
ANOVA was performed for each of the four sites by frequency
band. As noted previously, all EEG measures were taken during
eyes-closed conditions.

Theta. A significant Hypnotic Susceptible Group X Pre-
and Post-Induction interaction was found in the posterior areas:
for parietal, F( 1, 21) = 15.90, p < .0007; and for occipital, F( 1,
21) = 16.04, p < .0006. This interaction results from a decrease
in theta activity in the high-susceptibility group and an increase
in the low-susceptibility group from the pre- to post-induction
baseline. These data are presented in Figure 2. Likewise, there
was a Trial X Gender interaction in the occipital, F(\, 21) =
13.05, p < .0016, as well as a Hypnotic Susceptible X Gender
interaction in the occipital areas, F(\,2\)= 13.51, p < .0014.

A significant main effect for hemisphere was found in the fron-
tal and parietal areas, F( 1,21) = 9.34, p < .006, and F( 1, 21) =
7.75, p < .01, respectively, with more theta activity in the left as
compared to the right hemisphere.

Alpha. In 3 of 4 sites there was significantly more alpha ac-
tivity prior to the induction than at the conclusion of the induc-
tion: for frontal, F( 1, 21) = 9.92, p < .0048; for temporal, F( 1,
21) = 8.50, p < .0083; for parietal, F(l, 21) = 7.44, p < .0126;
and for occipital, F( 1, 21) = 9.69, p < .0053.

Beta. In 3 of the 4 sites there was significantly more beta
activity prior to the induction than at the conclusion of the in-
duction: for frontal, F(l, 21) = 6.95, p < .0154; for temporal,
F(1, 21) = 10.02, p < .0047; for parietal, F( 1, 21) = 20.02, p <
.0002; and for occipital, F( 1,21)= 16.10,/>< .0006.

EEG Differences During the Hypnotic Induction

The data will be presented in terms of three frequency bands:
theta, alpha, and beta. For each frequency, an overall ANOVA
(BMDP 2V) examining gender (male vs. female) by hypnotic
susceptibility (high vs. low) by cortical area (frontal, temporal,
parietal, occipital) by hemisphere (left vs. right) by trials (5 tri-
als during induction) was performed. We found significant site
effects in each of the frequency bands: for theta, F(3, 63) =
90.12, p< .0001; for alpha, F(3,63) = 23.32, p < .0001; and for
beta, F(3, 63) = 6.64, p < .0006. Thus, a 2 (high- vs. low-
hypnotic susceptibility) X 2 (hemisphere) X 5 (trials) ANOVA
was performed for each of the four sites by frequency band. The
interpretation of these analyses should be done carefully; as part
of the minute-to-minute induction, participants changed from
an eyes-open condition (Trials 1 and 2) to that of eyes closed
(Trials 3-5), a situation known to increase EEG alpha activity.
(We conducted Bonferroni follow-up comparisons involving
trials; they are available on request.)

5.5

4.5

3.5
Frontal Temporal

p<.0« (na) p<.03S (na)
Parietal Occipital

p<.<xx>7 p<.oooe

Pre D High Post ^ Low Pre D Low Post

Figure 2. Electroencephalogram theta power prior to and following
the hypnotic induction. Significance levels shown are for the interaction
of group (high vs. low susceptibility) by condition (preinduction and
postinduction). Data natural log transformed.
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Figure 3. Electroencephalogram theta activity sampled at 2 minute
intervals during the hypnotic induction. Significance levels shown are
for the main effects of trials. Data natural log transformed.

Theta. Main effects were found (in the temporal area) for
hypnotic susceptibility, F(l, 21) = 10.85, p < .0035, (in the
occipital area) for gender, F( 1,21) = 12.26, p < .0021, and (in
the occipital area) for the Hypnotic Susceptibility X Gender
interaction, F( 1, 21) = 14.41, p < .0011. This interaction re-
sulted from high-susceptible women having greater theta
power than men or low-susceptible women. Over the five tri-
als there was greater theta power in the left as compared to
the right hemisphere in all areas except the occipital (p <
.07): in the frontal, F( 1,21) = 9.32, p < .006; in the temporal,
F(\, 24) = 17.24, p < .0005; and in the parietal, F(l, 24) =
15.67, p < .0007. Furthermore, there was a significant main
effect for trials in the posterior areas of the cortex showing an
increase in theta activity across the five trials as the hypnotic
induction continued: in the parietal, F(4, 84) = 8.58, p <
.0001, and in the occipital, F(4, 84) = 8.58,;? < .0001. These
data are presented in Figure 3.

Alpha. Main effects were found for hypnotic susceptibility:
frontal, F ( l , 21) = 9.75,p < .0052; temporal, F(l, 21) = 20.02,
p < .0002; parietal, F ( l , 21) = 9.58,p < .0055; gender: occipital,
F(\, 21) = 9.26, p < .0026; trials: frontal, F(4, 84) = 10.74, p <
.0001; temporal, F(\, 21) = 14.20, p < .0001; parietal, F(4,
84) = 19.03, p < .0001; occipital, F(4, 84) = 15.27, p < .0001;
and hemisphere: frontal, F(l, 21) = 13.14, p < .0016, with
greater alpha being displayed by highly susceptible students, by
women in general, in the later as compared to the earlier trials,
and in the left as compared to the right hemisphere. Although
there were significant main effects for both hemisphere and trials
in the occipital area, this was qualified by a significant interaction
between trials and hemisphere, F(4, 84) = 7.31, p < .0001, in
which there was less alpha in the right as compared to the left
hemisphere in Trials 1-4 but more right- than left-hemisphere
alpha in Trial 5.

Beta. Greater EEG beta activity was found in the left as
compared to the right hemisphere with the main effect for the

frontal, temporal, and parietal areas being statistically signifi-
cant: for the frontal, F(l, 21) = 8.69, p < .0077; for the tempo-
ral, ̂ ( 1, 21) = 18.73, p < .0003; and for the parietal, F( 1, 21) =
24.30, p < .0001. In the parietal area there was also a significant
main effect for hypnotic susceptibility, with high-susceptible in-
dividuals showing more beta in the parietal area than low-
susceptible individuals, F ( l , 21) = 8.45, p < .0084, and in the
parietal and occipital areas for trials with greater beta being
seen in the later as compared to the earlier trials: in the parietal
area, F(4, 84) = 9.79, p < .0001, and in the occipital area, F(4,
84) = 4.21 ,p<.0037.

Lateralization Ratios

Although not part of the original design of the study, lateral-
ization ratios (left - right/left + right) were computed for each
frequency band for comparison with previous studies. The be-
tween factors were gender (male-female) by hypnotic suscepti-
bility (high-low). The within factor was either initial baseline
trials, baselines prior and following induction, or the five trials
during hypnotic induction. An ANOVA was conducted for each
frequency band.

Baseline differences. There were no main effects for hyp-
notic groups or site and no interactions involving these factors
in the alpha, theta, or beta bands during the initial two
baselines.

Baselines prior to and following induction. The only sig-
nificant main effect or interaction was for site in the beta fre-
quency range, F(3, 63) = 5.35, p < .0024, with the following
lateralization ratios: frontal = .035; temporal = .189; parietal
= .0658; occipital = .0481.

Five trials during hypnotic induction. In terms of theta there
was a significant site difference, F(3,63) = 6.67, p < .0006, with
the following lateralization ratios: frontal = .029; temporal =
.129; parietal = .061; and occipital = .036. In terms of alpha
activity, there was significant Trial X Site interaction, F(12,
252) = 2.74, p<. 0016. This interaction was probed by individ-
ual site ANOVAs, which showed no differences in the frontal
and temporal areas but significant trials effects in the parietal
and occipital areas, F( 1,23) = 3.5, p < .01, and F( 1,23) = 7.41,
p < .0006, respectively. In both cases the lateralization ratio
showed a progression over the 5 trials from greater left alpha
activity to less left alpha activity: parietal ratio = .12 to .01;
occipital ratio = .116 to -.035. In terms of beta, there was a
significant main effect for site, ,F(3, 63) = 8.49, p < .0016, with
the following lateralization ratios: frontal = .04; temporal = .20;
parietal = .08; occipital = .06.

Discussion

In the present study, EEG activity of high and low hypnotic-
susceptible individuals was examined in three conditions: an
initial baseline condition, baselines preceding and following a
standard hypnotic induction (SSHS:C), and at predetermined
intervals during the 10-min hypnotic induction. Inclusion in
the susceptibility groups required that a given participant
scored high (or low) on a standard hypnotic scale given in a
group setting and a second standard measure given in an indi-
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vidual setting. The results will be discussed in terms of these
three conditions.

Baseline Individual Differences

The present study presents a consistent pattern of EEG activ-
ity that differentiated participants carefully selected according
to hypnotic susceptibility. Overall, high-susceptible partici-
pants in comparison to low-susceptible ones demonstrated
more theta activity in the frontal areas (frontal and temporal
cortex) as compared to the more posterior areas of the brain
(parietal and occipital cortex). This finding is consistent with
previous hypnosis research (e.g., Sabourin & Cutcomb, 1980;
Sabourin et al., 1990; Tebecis, Provins, Farnbach, & Pentany,
1975). The current finding of individual differences in theta ac-
tivity can be seen to bring together a variety of parallel research
tracks and suggest future research. In psychophysiological re-
search greater frontal midline theta has been associated with
attentional readiness or the continuous concentration of atten-
tion (Bruneau et al., 1993; Ishihara & Yoshii, 1972; Mizuki et
al., 1980). Considering these findings in light of our current re-
search suggests that high-susceptible individuals either possess,
or can manifest, a heightened state of attentional readiness and
concentration of attention. This might also be related to the
finding that absorption remains one of the most consistent cor-
relates of hypnotizability (cf. Glisky, Tataryn, Tobias, Kihl-
strom, & McConkey, 1991; Nadon, Hoyt, Register, & Kihl-
strom, 1991; Tellegen & Atkinson, 1974). Considering these in-
dependent lines of research may also move us closer to
determining the physiological and biochemical mechanisms in-
volved in the hypnotic experience. For example, the amount of
frontal midline theta has been shown to be negatively correlated
with MAO activity and lower dopaminergic metabolism as mea-
sured by platelet MAO (Hashimoto, Mukasa, Yamada, Naka-
mura, & Inanaga, 1988). Because dopaminergic pathways play
a role in the regulation of attentional processes, and anterior
theta is related to attentional readiness (see Bruneau et al.,
1993, for an overview), we might expect both differential dopa-
minergic metabolism and frontal midline theta activity in high
versus low hypnotic-susceptible individuals. The study could
also be performed in the opposite direction. That is, we could
test the presence of frontal theta as a predictor of hypnotic sug-
gestibility. In such an experiment, individuals would be
screened in terms of EEG and divided into high and low theta
groups. The hypothesis to be tested would suggest that those
who displayed higher frontal theta would score higher on tradi-
tional measures of hypnotizability (e.g., SHSS) than those dis-
playing less frontal theta. Given the reported difficulty (cf.
Kirsch & Council, 1992) of finding a stable psychometric indi-
cator of hypnotic susceptibility, a psychophysiological marker
(i.e., anterior theta activity) might offer a more stable individual
difference measure.

EEG Differences Before and After Hypnotic Induction

Whereas EEG differences in relation to individual differences
of hypnotic susceptibility appeared in the more frontal areas of
the brain, hypnotic state changes were found to be more poste-
riorly located. This finding is consistent with previous research

from our lab (e.g., Berfield, Ray, & Newcombe, 1986; Ray &
Cole, 1985) which, taken together, show individual differences
in EEG reflected more in the frontal areas of the cortex as op-
posed to the posterior areas, which reflect processing differences
(e.g., type of tasks). Furthermore, our data show that the high-
susceptible individuals displayed a decrease in EEG theta activ-
ity from the baseline period immediately preceding the hyp-
notic induction to that immediately following the induction,
whereas the low-susceptible individuals showed an increase in
EEG theta activity. This is consistent with the view that the
high- and low-susceptible individuals are indeed in different
cortical states prior to and following the hypnotic induction,
that is to say, the induction procedure itself would be assumed
to differentially affect high- and low-susceptible individuals. In
terms of alpha and beta activity, there was a decrease in both
across the entire cortex from the preinduction to the postinduc-
tion baseline. The exact meaning of this last finding is unclear,
but consistent with previous work from our lab that shows that
alpha and beta activity may covary together (McCarthy & Ray,
1988; Ray & Cole, 1985).

EEG Differences During the Hypnotic Induction

During the hypnotic induction, participants listened to the
experimenter's voice instructing them to become more relaxed
and comfortable and to focus only on what she was saying. Dur-
ing this 10-min period, theta activity increased for all partici-
pants in the more posterior areas (parietal and occipital) but
not the more frontal areas (frontal and temporal) of the cortex.
Our results are both similar to and different from those of Sa-
bourin et al. (1990). Like us, Sabourin et al. found an increase
in theta activity for high-susceptible individuals; however, they
found no differences for low-susceptible ones. Because our over-
all understanding of EEG theta activity is limited, it is difficult
to state clearly whether the increase in theta activity seen during
the actual hypnotic induction was related to depth of hypnotic
trance or the accompanying relaxation and absorption, or was
more related to the process of cognitively and emotionally fo-
cusing on the instructions verbally presented. Furthermore, it is
impossible to determine whether the present research reflects
Class II inhibition, which Vogel et al. (1968) associate with at-
tention and overlearned processes. Given the more posterior na-
ture of this theta response, we would assume it served a different
function than that reflected in the high and low susceptibility
baselines. A study currently underway in our lab examining
high- and low-susceptible individuals during a relaxation and a
hypnotic induction procedure should differentiate those aspects
of the induction related to relaxation alone. A further alterna-
tive is suggested by Sabourin et al. (1990) who postulate on the
basis of previous research (e.g., Foulkes & Vogel, 1965; Stoyva,
1973) that this theta activity reflects imagery processes. Future
research to compare high and low hypnotically susceptible in-
dividuals during a standard relaxation task or imagery task
without any suggestion of trance may help to answer this rather
complex question.

Similar to theta activity, alpha activity increased as the induc-
tion period continued. The greatest change in alpha takes place
between Trials 2 and 3 of the induction when the students were
instructed to close their eyes. Because eye closure can increase
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alpha production, this finding should be interpreted accord-
ingly. However, alpha activity continued to increase during Tri-
als 3-5, a change not related to eye closure. Also not related to
eye closure and consistent with the findings of Sabourin et al.
(1990), greater alpha power was found across all trials of the
induction in the left as compared to the right hemisphere. This
was also true for beta activity. Furthermore, high hypnotic-
susceptible participants displayed more alpha activity than low
hypnotic-susceptible ones during the hypnotic induction.

Lateralization Ratios

Although many EEG researchers (including ourselves) have
been critical of lateralization ratios for their difficulty in por-
traying each hemisphere's contribution and other technical
considerations (cf. Gevins & Schaffer, 1980), we included them
with this article for comparison with previous theoretical dis-
cussions that have suggested hypnosis to be a right-hemispheric
task. Overall, in the present study, the lateralization ratio data
added no new information to the baseline data and, consistent
with the work of DePascalis, Silveri, and Palumbo (1988), we
found no lateralization ratio differences between high- and low-
susceptible individuals. Furthermore, given that there were no
significant interactions involving the baselines preceding and
following the induction, it cannot be concluded that hypnosis
modifies "hemispheric activity" as measured by lateralization
ratios. In terms of the hypnotic trance itself, the lateralization
ratio in terms of alpha activity decreased from the first to the
fifth sample taken during the 10-min induction. Given the tra-
ditional interpretation using such ratios of greater alpha activity
to represent less involvement of that hemisphere, one could
conclude that the induction procedure resulted in greater left
hemispheric involvement. However, given the inconsistent na-
ture of previous "lateralization" findings with hypnosis (see
Crawford & Gruzelier, 1992, for a review) and the lack of any
additional information provided in the present study, our gen-
eral conclusion is that lateralization ratios do not represent the
most appropriate EEG measure for studying hypnosis.

Conclusion

Using groups of highly selected participants and sophisti-
cated signal processing techniques, we report three major find-
ings. First, high and low hypnotic-susceptible individuals dis-
played a differential pattern of EEG activity during the baseline
period, suggestive of a stable traitlike nature of the construct of
hypnotic susceptibility. This was characterized by greater theta
power in the more frontal areas for the high-susceptible individ-
uals. Second, we examined a period preceding and following a
standardized hypnotic induction and found an overall reduc-
tion in alpha. There was also an interaction of susceptibility
group and state in terms of theta, that is, low-susceptible indi-
viduals displayed an increase in theta activity, whereas high-
susceptible ones displayed a decrease, suggesting that the
hypnotic state may be differentially processed by the two
groups. Third, during the actual hypnotic induction itself, al-
pha activity increased across all sites for both groups, whereas
theta significantly increased only in the more posterior areas of
the cortex. Furthermore, high hypnotic-susceptible individuals

showed greater alpha in all areas except the occipital in
comparison to the low-susceptible individuals. An important
aspect of these findings for future research is to determine the
manner in which EEG changes during the hypnotic induction
are indicative of relaxation and passive attention rather than the
hypnotic process itself.

Overall, in terms of localization of processing, the results of
this study, along with previous research, suggest a consistent
state-independent relationship between anterior theta activity
and hypnotizability. Furthermore, a state specific relationship
between susceptibility groups in terms of theta exists more pos-
teriorly. Thus, whereas more anterior EEG differences appear
involved in the individual difference question of hypnotic sus-
ceptibility, more posterior EEG differences were noted in rela-
tion to state differences per se. Overall, the results from the pres-
ent study suggest that anterior-posterior considerations are
most crucial in understanding hypnosis than previously postu-
lated "hemispheric" foci. However, these findings await further
research to articulate the processing dimensions involved.
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