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Abstract The analysis of electroencephalogram (EEG)

signals plays an important role in a various applications. EEG

during pure hypnosis has different characteristics compared

to normal non-hypnotic EEG especially in the frontal area of

the brain. The purpose of this paper is to examine whether

there is any similarity between different levels of hypnosis

susceptibility and mental tasks using Fuzzy Similarity Index

(FSI) method. In the first step, some of nonlinear features of

EEG signals extracted; the next part of this method is to cal-

culate the similarity between the features set of the reference

segment (mental tasks) and the test segment (hypnosis sig-

nal) using fuzzy measure. Our results demonstrate that FSI

is suitable for discriminating the relations between different

status of brain activity in the non-hypnotic and hypnosis EEG

signals. The more complex mental task, the behavior of the

brain is more like a hypnotic state. Our results confirm pre-

vious ones that more activity of the right hemisphere during

hypnosis was reported in right-hand subjects.

Keywords Hypnosis · EEG · Fuzzy Similarity Index ·

Mental task · Hemisphere

1 Introduction

In clinical applications, hypnotherapy can give solutions to

some of neurological disorders like schizophrenia, Parkin-
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son, epilepsy, migraine, psycho-physiological diseases like

anxiety, obsession, pain control, quitting unhealthy habits,

weight loss and dietary control [1]. Throughout history, dif-

ferent aspects of hypnosis have been challenged. A review

of recent studies in neuroscience filed, based on EEG

signal processing, image processing including computer-

ized tomography (CT) scans, positron emission tomography

(PET) scans, magnetic resonance imaging (MRI) and other

methods of research shows that hypnosis represents the oper-

ating states of the brain, in regard to selective attention and

dis-attention processes [2].

During the hypnosis process, high hypnotizing subjects

are more apt to show does not have any volition on their

actions, and low hypnotizing subjects show more intention-

ally [2]. When receiving hypnotic suggestion, brain subsys-

tems associated with automatic functions are more active in

high hypnotizing subjects.

Nowadays, the hypnosis susceptibility level is determined

based on some well-known subjective tests, which try to

measure to what extent subjects adjust to the behavior of

different hypnotizing groups [3–5]. However, these tests suf-

fer from some disadvantages in the determination of hypnosis

susceptibility levels such as:

(1) Some steps of these methods may prevent entering into

deep hypnosis,

(2) Since these methods are subjective, the result depends on

the subject’s responses,

(3) The time duration of these clinical tests is too long, about

45 min, causing fatigue and inattention of subjects, which

leads to reducing the depth of hypnosis trance.

Therefore, to avoid the drawbacks of these subjective clin-

ical tests, researchers are looking for new methods to iden-

tify the hypnosis susceptibility level based on non-subjective
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measures, such as EEG [6]. Their method is based on EEG

feature extraction. Some of these features were considered

in previous studies [6,7].

A brief review of studies on hypnosis signals shows that

researchers have long considered the behavior of the brain

in this status and find interesting results. Sabourin and col-

leagues show that in high hypnotized subjects, the mean theta

power is more pronounced than in low hypnotized subjects

[7]. This theta activity was visible in frontal, central and

occipital derivations during resting non-hypnotic baseline.

Lubar and colleagues tried to find in which conditions there

exist differences between high and low hypnotic suscepti-

ble subjects [8]. Their research was based on fast Fourier

power spectral analysis of the EEG signal. The signals were

recorded before and during hypnotic tasks from frontal–

temporal and occipital–parietal locations. They found signif-

icant dependencies on electrode location, different frequency

domains of EEG and hypnotic tasks. However, no main effect

differences were obtained based on hypnotic susceptibility.

Graffin and colleagues reported that highly susceptible indi-

viduals displayed a decrease in EEG theta activity whereas

the low-susceptible subjects showed an increase in EEG theta

activity after hypnosis induction, and similar to theta activity,

alpha activity increased as the induction duration continued

[9].

Results of previous research indicate that changes in dif-

ferent EEG-frequencies occur in association with hypnosis;

however, their results cannot be compared with each other

due to differences between processing methods and criteria

in selecting subjects. These studies reported various differ-

ences between high and low hypnotized subjects, but there

is no complete agreement between their findings. However,

a considerable number of these approaches showed a strong

relationship between theta and levels of hypnosis suscepti-

bility [10,11].

Although so far several studies performed on hypnosis

and its features, still there are some interesting aspects that

remain unexplored. To the best of our knowledge, none of

the above-mentioned studies assessed the relation of hypno-

sis and normal non-hypnotic mental tasks and their proper-

ties. Moreover, no previous study reports a reliable metric for

tracking the mental status of the patients. Finding the rela-

tionship between different mental tasks and hypnosis levels

of susceptibility can help the physicians using the mental

tasks that show the similar behavior to hypnosis, in cases

where hypnosis cannot be used to treat the patients.

In this study, we compared hypnosis signal with differ-

ent mental tasks in normal EEG to examine the relation and

the similarity between complex normal mental tasks and

hypnosis. In addition, we analyzed the natural hypnosis in

front–back and left–right hemispheres to find whether there

is any significant relation between the levels of hypnosis sus-

ceptibility and activity of the brain’s hemispheres. Due to

the robustness and good results of Fuzzy Similarity Index

method in processing of EEG [12,13], we decided to use it

in our research.

In this paper, the characteristics of the data and the Fuzzy

Similarity Index method are introduced in Sect. 2. Section 3

includes an explanation of extracting features. The introduc-

tion of the statistical analysis is in Sect. 4. The results and

conclusion are brought in Sects. 5 and 6, respectively.

2 Data and method

2.1 Recordings and subjects

EEG data used in this study were collected by Nasrabadi

[14] for his research on “quantitative and qualitative eval-

uation of consciousness variation and depth of hypnosis”

[14]. The data were collected from 32 right-handed volun-

teer males and were sampled at 256 Hz. EEG data recorded

from 19 channels according to the international 10–20 sys-

tem (Fig. 1).

Hypnosis induction was performed by playing an audio-

tape based on the Waterloo–Stanford criterion [15,16].

Therefore, the method and duration of hypnosis induction

were the same for all the subjects. To do so, a 45-min audio

file was provided; therefore, all the subjects were placed

under the equal circumstances. The first 15 min of audio

file were assigned to the hypnosis induction and the remain-

ing 30 min related to 12-item Waterloo–Stanford group scale

(WSGS) of hypnosis susceptibility measuring. In WSGS

method, the subjects fill in the form after their trance, and

then based on their answer in the form, a hypnosis suscep-

tibility score (a number between 12 and 60 according to the

WSGS guidelines) is determined for each subject.

Based on these scores, the subjects were divided into the

low (12< WSGS scores <22), medium (23< WSGS scores

<41) and high (42< WSGS scores <60) hypnotized groups.

In current database, four subjects were categorized as low,

18 subjects as medium and 10 subjects as high hypnotized.

Before starting the hypnosis suggestions, the subjects

requested to execute three mental tasks and data from all of

Fig. 1 Electrode positions based on 10–20 standards
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the electrodes reordered during each task. These three tasks

described as:

Task 1: Baseline measurement

No mental task performed; subjects told to be relaxed and

try to think of nothing in particular.

Task 2: Numerical multiplication

A numerical multiplication was given to the subjects that

should be solved mentally. It is important to mention that

the subjects could not find the answer of the multiplication

during the EEG recording.

Task 3: Geometric figure rotation

A 3D block figure was shown to the subject and instructed

to visualizing rotation of the object about an axis (Fig. 2).

To explore the relation of hypnosis susceptibility levels

and similarity of right–left and front–back hemispheres dur-

ing the hypnosis procedure, 16 and 14 channels of electrodes

placed at the Fp2, Fp1, F8, F4, F3, F7, T4, C4, C3, T3, T6,

P4, P3, T5, O2, O1 (right-left) and Fp1, Fp2, F3, F4, Fz, Pz,

P3, P4, F8, F7, T6, T5, O1 and O2 (front-back) locations

were chosen, respectively.

2.2 Feature extraction

Although Similarity Index method is usually performed with

two features (energy and entropy), we decided to find the best

features, which could help us find whether there is any rela-

tion between hypnosis susceptibility levels (low, medium and

high) and three different mental tasks. Therefore, we exam-

ined Similarity Index method with different sets of features

which are summarized in Table 1.

Fig. 2 3D block figure for visualizing rotation in Task 3

Table 1 Feature sets

Number of sets Feature sets

1 Energy, entropy

2 Entropy, Higuchi

3 Energy, entropy, low frequency band

4 Energy, entropy, high frequency band

5 Energy, entropy, frequency band (both low & high)

6 High frequency band

7 Low frequency band

2.2.1 Wavelet coefficients

Often, there are five broad spectral bands of EEG signal from

the clinical interest: delta (0.5–4 Hz), theta (4–8 Hz), alpha

(8–12 Hz), beta (13–30 Hz), which can be divided into two

bands (beta1 and beta2). Above five frequency bands can

be extracted by using a discrete wavelet transform. In this

study, we consider the wavelet coefficients at each level ( j =

1, . . ., 5) to find the relation between the hypnosis signals

(duration of 15 min) and three mental tasks (duration of 30 s).

For a given signal, s(t) initially represented by means of

its coefficients at resolution 0, the wavelet decomposition can

be written as follows:

s(t) =

+∞
∑

k=−∞

c0(k)ϕ(t − k)

=

+∞
∑

k=−∞

cN (k)ϕ(2−N t − k)

+

N
∑

j=1

+∞
∑

k=−∞

d j (k)ψ(2− j t − k)

= AN (t) +

N
∑

j=1

D j (t) (1)

The first term in the right-hand member of Eq. (2) is the

approximation at level N , while the second term is the sum

of details. The quantities d j (k) are the wavelet coefficients.

Functions ϕ(t) and ψ(t) named scaling function and wavelet

function, respectively. The second represents the signal high

frequencies, whereas the first describes smooth components.

Eq. (1) implements a multiresolution analysis of the signal,

i.e., the signal decomposed in N details and one approxi-

mation. The level of decomposition often chosen based on a

desired cutoff frequency. If the analysis extended to all levels

of details, we have the complete wavelet expansion:

s(t) =

N
∑

j=1

+∞
∑

k=−∞

d j (k)ψ(2− j t − k) (2)

2.2.2 Energy

According to Eq. (1), wavelet coefficients essentially quan-

tify the strength of the contribution of each wavelet, at the

sample time and scale j . The energy at different decomposi-

tion levels (from 1 to N ) is the energy of wavelet coefficients

d j,k , and in order to simply description, the energy of scal-

ing coefficients ck is defined as the energy at decomposition

level N + 1. Thus, the energy at each decomposition level is

defined as:
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E j =
∑

k

∣

∣d j,k

∣

∣

2
j = 1, . . . , N (3)

EN+1 =
∑

k

|ck |
2 (4)

In this research, E j of selected signals were considered as one

of the features. The entire quantitative coded using MATLAB

and the Wavelet Toolbox.

2.2.3 Entropy

A measure estimated by the wavelet coefficients to pro-

vide quantitative information about the order/complexity of

the signals is the wavelet entropy. It has also been used

in several works concerning several issues such as the

neurological status of the brain following global cerebral

ischemia by hypoxic-ischemic cardiac arrest [17], EEGs

ordering/disordering during sleep [18,19] and seizures [19,

20]. The Shannon entropy gives a useful criterion for ana-

lyzing and comparing probability distribution; it provides a

measure of any distributions. Shannon’s entropy computed

directly from the EEG by examining the probability distrib-

ution of the amplitudes of the data values:

SE = −

M
∑

i=1

pi log(pi ) (5)

Where, M is the number of bins in which the amplitudes of

the EEG are partitioned and pi is the probability associated

with the ith bin.

2.2.4 Higuchi fractal dimension

Fractal dimension used as a feature to track the complexity

and self-similarity of nonlinear signals. It has a relation with

entropy, and entropy has a direct relationship with the amount

of information in a signal. It can be interpreted simply as

the degree meandering (or roughness or irregularity) of a

signal. Applying Higuchi’s algorithm, we calculated fractal

dimension value [21,22].

If we consider an EEG signal as a time sequence

x(1), x(2), . . . , x(N ), we may construct x(1), x(2), . . . , x(N )

new time series xk
m as:

xk
m = {x(m), x(m + k), . . . , x(m + ⌊(N − m)/k⌋ k} (6)

For m = 1, 2, .., k where m indicates the initial time value,

x(1), x(2), . . . , x(N ) indicates the discrete time interval

between points (the delay) and ⌊a⌋ means the integer part

of a. For each of the curves or time series xk
m constructed, the

average length Lm(k) computed as:

L(m, k)=
(N −1)

⌊(N−m)/K ⌋
∑

|x(m+ik) − x(m+(i − 1)|

⌊(N − m)/k⌋ k

(7)

Where N is the length of time sequence and (N − 1)

/ {int[(N − m)/k] × k} is a normalize factor. Total average

length L(k) computed for all time series having the same

delay k, but different m as:

L(k) =

k
∑

m=1

Lm(k) (8)

This procedure is repeated for each k ranging from 1 to kmax.

The total average length for k as delay; L(k) is proportional to

k−D where D is the fractal dimension by Higuchi’s method

[23].

2.2.5 Frequency band

As mentioned above, EEG contains different specific fre-

quency components, which carry the discriminative informa-

tion. Normally, most waves in the EEG classified as alpha,

beta, theta and delta waves. The definition of the boundaries

between the bands is somewhat arbitrary; however, in most

of applications, these are defined as delta (less than 4 Hz),

theta (4–8 Hz), alpha (8–13 Hz) and beta (13–30 Hz), which

can be divided into two bands (beta1 and beta2).

When the person draws attention to some specific type

of mental activity, the alpha waves are replaced by asyn-

chronous, higher frequency beta waves. Beta waves occur at

frequencies greater than 13 Hz. Theta waves have frequen-

cies between 4 and 8 Hz. They occur normally in parietal

and temporal regions in children, but they also occur during

emotional stress in some adults. Theta waves also occur in

many brain disorders, often in degenerative brain states. Delta

waves include all the waves of the EEG with frequencies

less than 4 Hz, and they occur in very deep sleep, in infancy

and in serious organic brain disease. Therefore, EEG con-

tains different specific frequency components, which carry

the discriminative information [23].

These frequencies represent well-known features in EEG

studies, and therefore, in this research, we used their power

as one of our features and into two groups: low (delta, theta

and alpha) and high (beta1, beta2) frequency bands.

3 Fuzzy Similarity Index (FSI)

Fuzzy logic is a worthwhile technique in signal processing

and classification. Biomedical signals are not always strictly

repeatable and may sometimes even be contradictory. One

of the most useful properties of fuzzy logic systems is that

contradictions in the data can be tolerated. Furthermore, it
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is possible to discover patterns in data using trainable fuzzy

systems, which can not easily detect by other methods [24].

The concept of similarity cannot be formulated as a sim-

ple mathematical model. It should be faced as an elaborate

cognitive process. When the evaluation of similarity is based

on knowledge of a human observer and qualitative features,

it is better to model it as a cognitive process that pretends

human similarity perception. The Fuzzy Similarity Index is

one of these methods that showed good results in EEG signal

processing especially in epileptic seizure prediction [12,13].

One of the simplest methods to identify the change of the sys-

tem state is to compare the feature sets of the present state

and previous ones. If both states are very similar, it means

that the feature sets do not show a large change.

After the feature extraction process, a fuzzy membership

function transfers the present and previous features as two

fuzzy sets. Then, a standard Gaussian membership func-

tion is used to describe features calculated for each coef-

ficient level (j=1, 2,…, 5). The features can determine the

parameters of the fuzzy membership function. The Gaussian

function employed in the Similarity Index method leads to

soft boundary results. The Gaussian function represents a

fuzzy similarity between the neighbors and the points around

[25]. Obviously, by this way, the fuzzy similarity of the data

points is neither hard nor binary. The symmetric Gaussian

function depends on two parameters σ and c as given by

f (x; σ, c) = exp(− (x − c)2 / (2σ)2). The parameters σ

and c are determined by the mean and deviation of each

feature (for example energy or entropy). Six membership

functions are applied to describe the fuzzy character of each

feature.

Applying the fuzziness process for each selected feature

set, fuzzy sets (set A—hypnosis signal; set B—mental Task

1; set C—mental Task 2; set D—mental Task 3; set E—

EEG signal of front–back hemispheres; set F—EEG signal

of left–right hemispheres) can be obtained. For example; if

a segment from the set A was taken as a reference segment,

the Fuzzy Similarity Index among sets A, B, C, D, Eand F

can be 0.97, 0.35, 0.40, 0.85.,0.31 and 0.22, respectively. As

expected, the first value indicating the similarity between the

segments from the set A is close to 1. The fourth value is also

close to 1, which shows sets A and D have more similarity.

The other values are close to 0, and these values indicate the

significant differences between set A and the other EEG sets.

The closer the data points are, the more similar they

become. When the width of the Gaussian function or the

lengths of the EEG windowed changed slightly, the simi-

larity does not change abruptly. Fuzzy sets obtained from

the feature sets of the signals under study by repeating the

fuzziness process. Suppose two fuzzy sets A and B and each

set includes N features x1, x2, . . . , xN , a reliable and simple

method can be used to compute the similarity between the

two fuzzy sets, A and B as follows:

S(A, B) =

∑N
i=1 (1 − |µA(xi ) − µB(xi )|)

N
(9)

Where µA and µB are membership functions and 1 −

|µA(xi ) − µB(xi )| can be regarded as the similarity degree

of fuzzy sets A and B on the features xi . S(A, B) is the aver-

age of the similarity degree of fuzzy sets A and B, called

Fuzzy Similarity Index. S(A, B) ranges from 0 to 1, which

corresponds to the different similarity degree [25]. The larger

the value of S(A, B), the greater the similarity between the

fuzzy sets A and B.

Decision making is performed in two stages: feature

extraction by computing the features of each signal and com-

puting Fuzzy Similarity Index of feature sets between the

reference EEG signals and the other classes of EEG signals.

4 Statistical analysis

4.1 Analysis of variance (ANOVA)

Since the number of result Tables arising from comparisons

was large, visual inspection of these Tables needs more time,

and may be associated with faults, we used the Statistical

Package for the Social Science (SPSS) software. This soft-

ware includes some statistical analyses such as ANOVA [26].

This analysis helps us understand the relationship between

a “dependent variable” which is assumed to be the hypno-

sis susceptibility levels of subjects and an “independent vari-

ables” which is considered to be the similarity of mental tasks

to hypnosis signals. The dependent variable is the variable

that we are trying to predict from the values of the inde-

pendent variables. Therefore, before making any decision or

conclusion about applying method, the results were tested

by one-way ANOVA to find whether the extracted features

can make a significant difference between three hypnotized

groups. The P value of less than 0.05 was considered statis-

tically significant.

4.2 Receiver operating characteristic (ROC) curve

ROC curve is a graphical representation of the trade-offs

between sensitivity and specificity. It allows comparing fea-

tures to find the best performing one and to compare per-

formance of selected features. Each point on the ROC curve

represents a sensitivity/specificity pair corresponding to a

particular decision threshold [27]. A larger area under a ROC

curve means that high agreement or the relationship between

selected subjects (0 ≤ area below an ROC curve ≤ 1). In our

research, ROC curve can indicates the probability to predict

the hypnosis scale of a randomly selected hypnotized subject.
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5 Results

In this research, Fuzzy Similarity Index method was applied

to hypnosis EEG signals using different feature sets. Using

statistical tests, the feature sets that could not make a sig-

nificant difference between mentioned groups were omitted.

Therefore, based on statistical test results, only the best fea-

tures (the features with small P values, P < 0.05) were

selected to present as results in Tables. In this way, the

features that have no significant role in discriminating the

relations were excluded, and hence, the feature dimension

decreased.

The EEG signal of each subject was examined to find

whether there was any similarity between the hypnosis signal

and each of the three described mental tasks. As the record-

ing duration of three tasks was short (30 s) and the hypnosis

signal’s duration was not the same as task (15 min), we used

a sliding window in the comparison process. The length of

this sliding window was defined to be the same as the mental

task duration. Furthermore, we evaluated the ability of FSI

to discriminate three hypnosis susceptibility levels by means

of ROC curves.

If the area under the ROC curve is more than 0.8, the results

could be reliable; the closer it is to one, the more reliable the

result is. Tables 2, 3 and 4 show the features, discriminated

channels P and ROC curve value for three different tasks.

Although different sets of features (entropy-energy,

entropy-Higuchi-frequency band (high) and entropy-

Table 2 Features, discriminated channels, P value and ROC curve

value of Task 1

Features Discriminate

channels

P < 0.05 ROC

Energy, entropy O2 0.011 0.645

Energy, entropy,

frequency band

(low & high)

Fp2 0.033 0.656

Higuchi-frequency band (low and high) could discriminate

some channels in Task 1, ROC curve did not show any accept-

able value so these discriminated channels did not consider

as discriminating features.

In Task 2, only Fp2 & T6 with entropy and Higuchi fea-

tures have acceptable ROC curve value, and in Task 3 with the

feature set of entropy-Higuchi, entropy-Higuchi-frequency

band (both low and high), ROC curve has the acceptable

values in T6, F4, PZ, P3, and O2. There should be a trade-

off between features set, ANOVA and ROC curve results.

Selected channels of both ANOVA and ROC curve analyses

represented in Fig. 3.

After comparison of hypnosis and three mental tasks, we

analyzed the hypnosis signal of each subject in another point

of view. In this step, we examined whether there is any sim-

ilarity between left–right and front–back hemispheres sepa-

rately during the hypnosis. In fact, in this section, the hyp-

nosis signals of symmetric pairs of channels in the left–right

hemisphere (FP1 & FP2, F3 & F4, F7 & F8, T3 & T4, C3 &

C4, P3 & P4, T5 & T6 and O1& O2) are compared together to

analyze whether there is any similarity between them. This

process is repeated for symmetric pairs of channels (F7 &

T5, FP1 & O1, F3 & P3, FZ & PZ, FP2 & O2, F4 & P4, F8

& T6) in the front–back hemisphere. In the first step, all of

the features were extracted to compare these channels, and

just like the previous section, the best features were selected

based on statistical analysis.

The set of entropy, Higuchi and frequency band (low and

high) features could discriminate C3 & C4 channels in the

left–right hemisphere, and ROC curve showed an acceptable

value. In the front–back hemisphere, F8 & T6 with energy

and entropy features have the acceptable ROC curve value.

Selected channels in front–back hemispheres and left–right

hemisphere for both ANOVA and ROC curve analyses shown

in Fig. 4.

Table 5 represents the best results obtained at left–right

and front–back hemispheres with highest discrimination. In

Table 3 Features, discriminated

channels, P value and ROC

curve value of Task 2

Features Discriminate channels P < 0.05 ROC

Entropy, Higuchi Fp2 & T6 0.015−0.028 0.812−0.858

Table 4 Features, discriminated

channels, P value and ROC

curve value of Task 3
Features Discriminate

channels

P < 0.05 ROC

Entropy, Higuchi T6, F4, PZ, P3, O2 0.031, 0.021, 0.002,

0.014, 0.015

0.821, 0.850, 0.834,

0.818, 0.821

Energy, entropy,

frequency band

(both low & high)

Fp2, F4, O1 0.014, 0.044, 0.024 0.679, 0.696, 0.687
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Fig. 3 Representation of

selected channels with both

ANOVA and ROC curve

analyses, a Task 1 b Task 2 and

c Task 3

Fig. 4 Representation of selected channels with both ANOVA and

ROC curve analyses, a left–right hemisphere b front–back hemispheres

the other word, this Table shows that during the hypnosis,

which channels in left–right or front–back hemispheres have

similar behaviors. The selected feature sets are the best fea-

tures to show the similarity in the behavior of these channels

in mentioned hemispheres.

6 Discussion

In current research, the EEG signal of each subject compared

with three different mental tasks to find the significant simi-

larity between hypnosis signal and these mental tasks.

In Task 1 (Baseline position): Results have shown that

in Task 1, 1) Entropy & Higuchi, 2) Entropy, Higuchi and

low frequency and 3) Entropy, Higuchi and low & high fre-

quencies features are able to distinguish the various mental

tasks. However, the other features have not shown acceptable

results. Channels O2, P4 and C4 have been chosen more times

regard other channels. Eventually, O2 was the selected chan-

nel by both ANOVA and ROC curve analyses using entropy

& Higuchi features.

In Task 2 (Numerical multiplication): Entropy Higuchi

features are able to differentiate the levels of susceptibility,

and the discriminated channels are FP2 & T6. T6 electrode

is located on the right side of the temporal lobe. Previous

studies showed that temporal lobe activities and hypnotic

susceptibility might share a common factor [28]. The tem-

poral lobe is involved in auditory perception and is important

in processing semantics in speech and vision.

In Task 3 (Geometric figure rotation): Entropy Higuchi

were able to differentiate the three groups of susceptibility

levels with T6, F4, PZ, P3 and O2 channels. It should be

noted that in this task, more variety is seen in discriminated

channels in comparison with the other two mental tasks. In

addition, low frequency which includes theta band can dis-

criminate some channels as a separate feature, but could not

include in final selected channels due to the criteria choose

for ROC curve analysis.

Theta band is associated with inhibition of elicited

responses [29]. Moreover, it is reported that frontal functions

become inhibited during hypnotic induction [30]. Therefore,

it can be the reason to succeed of low frequency in the dis-

crimination of channels.

If we divide the electrode positions into four equal parts by

means of two imaginary lines in posterior–inferior and left–

right directions, it can be expressed that the selected chan-

nels in all the tasks are mainly located in the right-posterior

and right-inferior quarter. An important point that should be

noticed is that hypnosis switches the brain electrical activi-

ties from left hemisphere to the right in right-handed subjects

[31]. Therefore, this result expected, because all of the sub-

jected in this study were right-handed. It can be also a proof

to the fact that the right brain is more active during hypnosis.

On the other side, the results of Table 3 suggest that the

complex activity generated by the brain in hypnosis may

not be random, but indeed contain information concerning

Table 5 The best features,

discriminated channels, P value

and ROC curve values for

left–right and front–back

hemispheres

Features Discriminate channels P < 0.05 ROC Hemispheres

Energy, entropy, frequency band (low) C3 & C4 0.011 0.853 Left-right

Energy, entropy F8 & T6 0.022 0.831 Front-back
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the underlying nonlinear process of the brain. As the fractal

dimension is an index of self-similarities in the signal, it can

be suggested that hypnosis susceptibility levels have a signifi-

cant effect on the EEG dynamics and can increase or decrease

the signal’s temporal correlations. It seems that as the latter

activity is more complicated, the number of included brain

areas is increased which behaved in a semi-hypnosis proce-

dure.

Researchers have developed physiological markers of the

stages of hypnotic induction and have shown that the hyp-

notic state characterized by left hemispheric frontal inhibi-

tion followed by the activation of right hemisphere posterior

functions.

The frontal lobes are known as an emotional control cen-

ter, and home to human personality [32]. These lobes are

involved in motor function, problem solving, spontaneity,

memory, language, initiation, judgment, impulse control and

social-sexual behavior [33]. Moreover, there are important

asymmetrical differences in the frontal lobes. The left-frontal

lobe is involved in controlling language-related movement,

whereas the right-frontal lobe plays a role in non-verbal

abilities. Some researchers emphasize that this rule is not

absolute, and in many people, both lobes are involved in

nearly all behaviors.

In our research, significant similarities found between the

front–back and left–right hemispheres separately in different

hypnosis susceptibility levels. It means that during hypnosis,

some of the channels show similar behaviors in the left–

right and front–back hemispheres. We find the sets of features

which can discriminate these channels.

At left–right hemispheres: The highest ROC curve results

obtained in C3 & C4. It means that these channels have simi-

lar behaviors during hypnosis. These channels are located

in posterior regions of the head, which is the origin of

alpha wave with the frequency range of 8–13 Hz. This wave

normally appears in conditions includes: relaxed/reflecting,

closing the eyes and associated with inhibition control,

seemingly with the purpose of timing inhibitory activity

in different locations across the brain. Briefly, it is the

brain wave state of mind associated with beginning of

hypnosis.

Statistical analysis shows that C3 C4 channels were mostly

selected ones in subjects with medium and high hypnosis

susceptibility levels. It seems that our selected channels in the

left–right hemispheres affirm the previous reports that as the

hypnotic subjects begin to relax, the alpha brain wave state

is achieved. It is mostly seen in high hypnotized subjects [3].

At front–back hemispheres: The highest ROC curve

results achieved in F8 & T6 channels. Interestingly, these

channels are focused in the right hemisphere of the brain.

It was further confirmed that hypnosis switches the brain

electrical activities from the left to the right hemisphere in

right-handed subjects [34].

Location of T6 electrode and selection of this channel in

the right hemisphere again reminds the role of frontal lobe in

hypnosis induction [28]. Multiple brain areas including the

lateral prefrontal cortex and posterior association cortex are

functionally involved in working memory [34]. This area of

the brain receives information from various lobes of the brain,

and uses this information to carry out the body movements.

F8 is located in the back portion of the brain and is asso-

ciated with interpreting visual stimuli and information. The

primary visual cortex, which receives and interprets infor-

mation from the retinas of the eyes, is located in this lobe of

the brain.

The results of this research can be useful to clinicians and

psychologists to choose the best treatment method based on

the subject’s hypnotic susceptibility level instead of using

traditional subjective methods, due to wild application of

hypnosis in treatments, changing the behaviors, overcoming

bad habits, etc.

7 Conclusion

The analysis of EEG during hypnosis shows the switches of

the brain electrical activities from the left hemisphere to the

right in right-handed subjects as we expected. For continuing

this research to clear other aspects of hypnosis, we have dif-

ferent suggestions that put under consideration for our future

works:

The traditional clinical subjective methods have different

problems in determining a subject’s hypnosis susceptibility

level. One of these problems is that these methods are sub-

jective. Their results depend on the subject’s answer and the

reaction to the clinician’s question. Therefore, inaccuracies

of subjective answers make the results unreliable. The proce-

dure of completing these questions and answers takes about

30 min, which may be boring for the subject and hypnothera-

pist. Moreover, the subject may be out of the hypnosis. There-

fore, the EEG-based method could be a suitable replacement

for these traditional subjective methods. Using this method

can be considered in further research.

The database used in this research was included only male

volunteers. It is suggested that more examination be done on

women, to make a comparison between different genders.

It should be clarified whether the sexuality can affect the

results. To increase the credibility of the results, more signals

should be used. It can be expected that by increasing the

number of recorded data, the results can be judged better.

We recommend using most mental tasks to evaluate the

relationship between complication of mental activities and

hypnosis signal and finding a proper standard to classify the

different susceptibility levels of hypnosis.

Higuchi as a nonlinear feature showed robust ability in

the discrimination of various hypnosis susceptibility levels
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in this research. Therefore, it is recommended to check other

nonlinear features by means of this method.

References

1. Gould, R.C., Krynicki, V.E.: Comparative effectiveness of hyp-

notherapy on different psychological symptoms. Am. J. Clin. Hypn.

32, 110–117 (1989)

2. Abela, M.B.: The Neurophysiology of Hypnosis: Hypnosis as a

State of Selective Attention and Disattention. (2000)

3. Edwards, J.G.: Comprehensive textbook of psychiatry. In: Kaplan,

H.I., Sadock, B.J. (eds.) Human Psychopharmacology: Clinical

and Experimental, vol. 4, 4th edn. Williams & Wilkins, Balti-

more/London, 1985. ISBN 0-683-04510-5 (2004)

4. Cardea, E., Terhune, D.B.: A note of caution on the Waterloo-

Stanford group scale of hypnotic susceptibility: a brief communi-

cation. Int. J. Clin. Exp. Hypn. 57(2), 222–226 (2009)

5. Baghdadi, G., Nasrabadi, A.M.: Comparison of different EEG fea-

tures in estimation of hypnosis susceptibility level. J. Comput. Biol.

Med. 42, 590–597 (2012)

6. Morgan, A.H.: The heritability of hypnotic susceptibility in twins.

J. Abnorm. Psychol. 82(1), 55–61 (1973)

7. Lubar, J.F., Gordon, D.M., Harrist, R.S., Nash, M.R., Mann, C.A.,

Lacy, J.E.: EEG correlates of hypnotic susceptibility based upon

fast Fourier power spectral analysis. Biofeedback Self Regul. 16(1),

75–85 (1991)

8. Graffin, N.R., Ray, W.J., Lundy, R.: EEG concomitants of hypno-

sis and hypnotic susceptibility. J. Abnorm. Psychol. 104, 123–131

(1995)

9. de Pascalis, V.: Psychophysiological correlates of hypnosis and

hypnotic susceptibility. Int. J. Clin. Exp. Hypn. 47(2), 117–143

(1999)

10. Stevens, L., Haga, Z., Queen, B., Brady, B., Adams, D., Gilbert,

J., et al.: Binaural beat induced theta EEG activity and hypnotic

susceptibility: contradictory results and technical considerations.

Am. J. Clin. Hypn. 45(4), 295–309 (2003)

11. Stevens, L., Haga, Z., Queen, B., Brady, B., Adams, D., Gilbert,

J., et al.: Binaural beat induced theta EEG activity and hypnotic

susceptibility: contradictory results and technical considerations.

Am. J. Clin. Hypn. 45(4), 295–309 (2003)

12. Li, X., Ouyang, G.: Nonlinear similarity analysis for epileptic

seizure prediction. Nonlinear Anal. Theory Methods Appl. 64(8),

1666–1678 (2006)

13. Li, X., Yao, X.: Application of fuzzy similarity to prediction of

epileptic seizures using EEG signals. In: Proceeding of Second

International Conference on Fuzzy Systems and Knowledge Dis-

covery, pp. 645–642. (2005)

14. Nasrabadi, A.M.: Quantitative and qualitative evaluation of con-

sciousness variation and depth of hypnosis through intelligent

processing of EEG signals. Bioelectric Ph.D. Thesis, biomedical

engineering department, Amirkabir University of Iran (2002)

15. Bowers, K.S.: Waterloo-Stanford group scale of hypnotic suscep-

tibility, Form C: manual and response booklet. Int. J. Clin. Exp.

Hypn. 46(3), 250–268 (1998)

16. Kirsch, I., Mazzoni, G., Leal, I.: Experimental scoring for the

Waterloo-Stanford group scale. Int. J. Clin. Exp. Hypn. 46(3),

269–279 (1998)

17. Al-Nashash, H.A., Paul, J.S., Thakor, N.V.: Wavelet entropy

method for EEG analysis: application to global brain injury. In:

Proceeding of 1st International IEEE EMBS Conference on Neural

Engineering, pp. 348–351. Capri Island, Italy (2003)

18. Mikaili, M., Hashemi, S.: Assessment of the complexity/regularity

of transient brain waves (EEG) during sleep, based on wavelet

theory and the concept of entropy. Iran. J. Sci. Technol. 26,

639–646 (2002)

19. Hornero, R., Abasolo, D.E., Espino, P.: Use of wavelet entropy to

compare the EEG background activity of epileptic patients. In: Pro-

ceeding of Seventh International Symposium on Signal Processing

and Its Applications, vol. 2, pp. 5–8 (2003)

20. Rosso, O.A., Blanco, S., Rabinowicz, A.: Wavelet analysis of

generalized tonic-clonic epileptic seizures. Signal Process. 83(6),

1275–1289 (2003)

21. Panuszka, R., Damijan, Z., Kasprzak, C.: Fractal EEG analysis with

Higuchi’s algorithm of low-frequency noise exposition on humans.

J.Acoust. Soc. Am. 115(5), 2388–2388 (2004)

22. Gómez, C., Mediavilla, A., Hornero, R., Abásolo, D., Fernández,

A.: Use of the Higuchi’s fractal dimension for the analysis of MEG

recordings from Alzheimer’s disease patients. Med. Eng. Phys. 31,

306–313 (2009)

23. Stam, C.J.: Nonlinear dynamical analysis of EEG and MEG: review

of an emerging field. Clin. Neurophysiol. 116, 2266–2301 (2005)

24. Chan, F.H.Y.: Fuzzy EMG classification for prosthesis control.

IEEE Trans. Rehabil. Eng. 8, 305–311 (2000)

25. Sarkar, M., Leong, T.Y.: Characterization of medical time series

using fuzzy similarity-based fractal dimensions. Artif. Intell. Med.

27(2), 201–222 (2003)

26. Hansen, J.L.: Engineering statistics. Technometrics 30(3), 347–348

(1988)

27. Zweig, M.H., Campbell, G.: Receiver-operating characteristic

(ROC) plots: a fundamental evaluation tool in clinical medicine.

Clin. Chem. 39, 561–577 (1993)

28. Ross, J., Persinger, M.A.: Positive correlations between temporal

lobe signs and hypnosis induction profiles: a replication. Percept.

Mot. Skills 64(3), 828–830 (1987)

29. Kirmizi-Alsan, E., Bayraktaroglu, Z., Gurvit, H., Keskin, Y.H.,

Emre, M., Demiralp, T.: Comparative analysis of event-related

potentials during Go/No-go and CPT: decomposition of electro-

physiological markers of response inhibition and sustained atten-

tion. Brain Res. 1104(1), 114–128 (2006)

30. Kallio, S., Revonsuo, A., Hämäläinen, H., Markela, J., Gruzelier, J.:

Anterior brain functions and hypnosis: a test of the frontal hypoth-

esis. Int. J. Clin. Exp. Hypn. 49(2), 95–108 (2001)

31. Bick, C.H.: EEG mapping including patients with normal and

altered states of hypnotic consciousness under the parameter of

post hypnosis. Int. J. Neurosci. 47(1–2), 15–30 (1989)

32. Kolb, B., Whishaw, I.Q.: In: Atkinson, R.C., Lindzey, G., Thomp-

son, R.F. (eds.) Fundamentals of Human Neuropsychology. 4th

edn. W. H. Freeman, New York (1996)

33. Levin, H.S., Amparo, E., Eisenberg, H.M., Williams, D.H., High Jr,

W.M., McArdle, C.B., Weiner, R.L.: Magnetic resonance imaging

and computerized tomography in relation to the neurobehavioral

sequelae of mild and moderate head injuries. J Neurosurg. 66(5),

706–713 (1987)

34. Jiang, Z.Y., Zheng, L.L.: Inter- and intra-hemispheric EEG coher-

ence in patients with mild cognitive impairment at rest and during

working memory task. J Zhejiang Univ Sci B. 7(5), 357–364 (2006)

123

Author's personal copy


	The relation of susceptibility levels of hypnosis and different mental tasks
	Abstract 
	1 Introduction
	2 Data and method
	2.1 Recordings and subjects
	2.2 Feature extraction
	2.2.1 Wavelet coefficients
	2.2.2 Energy
	2.2.3 Entropy
	2.2.4 Higuchi fractal dimension
	2.2.5 Frequency band


	3 Fuzzy Similarity Index (FSI)
	4 Statistical analysis
	4.1 Analysis of variance (ANOVA)
	4.2 Receiver operating characteristic (ROC) curve

	5 Results
	6 Discussion
	7 Conclusion
	References


