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ABSTRACT: This study was conducted to investigate whether two electrophysiological signals, which are galvanic skin
response (GSR) and skin temperature could be altered when exposed to different auditory stimuli such as Classical Turkish
Music (CTM) and acoustic white noise. We measured physiological responses of the twenty-three schizophrenic patients and
twenty-three healthy subjects in rest and auditory stimulation conditions. Our results showed that patients have greater skin
temperature values than controls. We found elevated skin conductivity in response to the white noise and CTM exposure
in both groups. Although schizophrenic patients had greater values of skin temperature, healthy subjects exhibited greater
skin conductivity in response to the white noise and CTM exposure than did patients. In conclusion, our study has shown
that skin conductance responses to CTM might be used as an index of person’s stress level and this type of stimuli could be
called as relaxing music.
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1. Introduction

Schizophrenia is one of the most serious mental disorders. Patients with schizophrenia show some positive and negative
symptoms including delusions, hallucinations, disorganized speech and cognitive impairment according to the diagnostic
criteria of DSM-IV [1, 2]. Since the syndrome was first described in the 19" century, psychiatrists have started to investigate
the schizophrenia. It is assumed that both genetic and environmental factors are related to the aetiology of schizophrenia.

1.1 Stress-vulnerability model

The desire to understand the pathophysiology of schizophrenia has inspired an explosion in research over the past decade.
It is assumed that the course of schizophrenia [3] can be understood with the stress vulnerability model. According to this
model, schizophrenia is caused by an underlying psychobiological vulnerability, determined early in life by genetic and early
environmental effects. It is believed that among psychosocial factors that can influence schizophrenia, stress, coping skills
and social sports are most important.

There are some findings about a relationship between stressful life conditions and schizophrenia. According to vulnerability
stress theory [4], the appearance of an active episode of schizophrenia is determined by both people’s vulnerability and
the level of stress in their environment. In a study [5], stress was measured in acute schizophrenics, chronic schizophren-
ics, and normals by a 130-item scale constructed that covers 21 stress categories within the areas of social performance,
family interaction, social interpersonal reaction, and social maladaptive activities such as substance abuse. According
to this study, chronic patients reported the highest level of stress, followed by acute patients and normals had the lowest
total stress scores.
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1.2 Physiological reactions in emotional and stressful conditions

Past decades have witnessed the introduction of a wide variety of new methods for the study of the functioning of different systems
involved in the control of emotion or anxiety in psychiatric disorders. Emotion which is known as feelings like experiences of arousal,
pleasure or displeasure and the specific primary effects of anger, fear, happiness, sadness, surprise and disgust, is often associated
with expressive behaviors such as smiling and with peripheral physiological responding such as heart rate changes, sweating and
skin resistance changes. When anxiety responses are experimentally induced by stress, the particular indices by which such responses
are to be evaluated must be specified. Galvanic skin response (GSR) measures of autonomic nervous system (ANS) activity have
been frequently employed for this purpose, since ANS arousal is generally considered to be an important attribute of anxiety.

1.2.1 Galvanic Skin Response Patterns

GSR, also known as the electrodermal response which is easily measured and relatively reliable has been used as an index for
providing measurable parameter to understand a person’s internal state or emotional responses. GSR is a psychophysiological
phenomenon exhibited by skin containing sweat glands [6]. It consists of a decrease in skin resistance or a decrease in impedance
or a change in potential in response to an attention getting or alerting stimulus. Active sweat glands, which in humans are brought
into action by the sympathetic nervous system, cause GSR [7]. It is believed that sweat rises in ducts, spreads laterally, hydrating
the stratum corneum and reduces its resistance. Other than sweat gland activity, the epidermal membranes of the skin becoming
permeable in response to neural stimuli have also been considered to decrease the skin resistance [8]. Skin conductance shows
the emotional state as reflected in changes in the sympathetic nervous system. Each time this part of the sympathetic nervous
system is activated, the skin conductance increases before the sweat is removed and the skin conductance decreases.

Inastudy [9], it is suggested that GSR might be a useful index of stimulus detection with a schizophrenic or autistic child who may
not be capable of responding verbally. By comparing the GSR response of schizophrenic children with normal children, they found
that the schizophrenic children failed to maintain habituation over the stimulus series and could be differentiated from normal children
on the basis of a lower mean GSR response. These investigators interpreted these findings as evidence that the schizophrenic child
has diminished sympathetic responsivity, which is detectable through the GSR. Psychophysiological measures are widely used to
understand the functioning of internal systems of the body to an emotional stimulus. In an experiment [10], GSR was used as the
physiological measure in healthy subjects in response to musical stimulus. The assumption is made here that GSR is a manifesta-
tion of emotional response. A decrease in electrical resistance is thus interpreted as being due to an increase in emotional excitation
while an increase in electrical skin resistance is interpreted as being due to a decrease in emotional excitation.

1.3 Aims of the study

The goal of the present study was to explore differences between schizophrenia patients and healthy controls in the GSR
and skin temperature in response to different auditory stimuli (Classical Turkish Music -CTM- and acoustic white noise).
Investigation of these two ANS indexes in response to CTM was never performed in schizophrenic patients till now. The
hypothesis being tested in here is that the CTM produces differential effects upon GSR and, more specifically, that this kind
of music designated as exciting produces a decrease in electrical resistance of the skin.

2. Methods

The present experiment attempts to understand the difference between GSR and skin temperature values of the schizophrenic
patients and the healthy controls in response to two different auditory stimuli.

2.1 Participants

In this study, a control group and an experimental group which includes normal hearing schizophrenic patients were com-
pared using physiological signals. Twenty-three adults with a DSM-IV (American Psychiatric Association, 2000) diagnosis
of schizophrenia spectrum disorders and age-matched control subjects participated in this study (Table 1). An experienced
psychiatrist from Bakirkdy Mental and Nervous Diseases Training and Research Hospital, which is specialized for psychiatric
disorders diagnosis and treatment, diagnosed these schizophrenic patients.

Controls Patients
Participants 23 23
Male/Female 11/12 11/12
Age (vears) 33.95+8.33 33.39+£6.86
Dominant hand All right All right

Table 1. Clinical and demographic data of participants
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The study was approved by the both university and hospital ethics committee, and a written informed consent was obtained
from all subjects. Participants volunteering as the control group were excluded if they showed a history of psychotic disor-
der, or if any of their first-degree relatives had been diagnosed with the schizophrenia, schizophrenia spectrum or bipolar
affective disorder.

2.2 Affective Stimuli
To clarify the effect of CTM and to compare its results, another type of auditory stimulus, acoustic white noise (WN), was
used in this study. The WN in this study was a kind of relaxing sound of rain on a river.

It is known that CTM which is a form of music which matured and developed in the period of Ottoman State used as a
therapeutic tool for specifically treating mental disorders [11]. According to Farabi, who was a great Turkish scientist, the
effects of the some makams of Turkish music on the soul were classified as follows [12]: Rast makam brings someone hap-
piness and comfort.

Rehavi makam brings someone the idea of eternity. Hiiseyni makam brings someone serenity, ease. An instrumental clip
with the name of “Cegen K” that belongs to Tanburi Cemil Bey, who was a famous CTM composer, was used as a second
stimulus known as an example of Hiiseyni makam.

All participants sequentially listened to these stimuli binaurally through headphones with the intensity of 75 dB.

2.3 Measurement System

Skin surface temperature and GSR were recorded simultaneously with BIOPAC MP150WSW (BIOPAC Systems Inc., Santa
Barbara CA) data acquisition system. BIOPAC’s TSD202B temperature transducer along with the SKT100C amplifier was
utilized to measure the peripheral temperature. Subjects hand surface temperature was recorded with this transducer. GSR
data were collected via BIOPAC’s GSR100C. The GSR100C uses a constant (0.5V) voltage technique to measure skin
conductance. Ag/AgCl electrodes were filled with .05SM NaCl electrode paste and affixed to the medical phalanges of the
Ist and 2nd fingers of the subjects’s non-dominant hand with Velcro straps as it is shown in Figure 1. GSR and temperature
signals were sampled at 250 Hz.

Figure 1. Illustration of the measurement system

2.3.1 Procedure

In this study, the effects of CTM and WN on GSR and temperature data on schizophrenic patients and healthy controls were
investigated. The investigation took place in a quiet, illuminated and temperature controlled room. Recordings were taken
continuously for about eight minutes for each participant. The subject was asked to participate to the whole procedure with
eyes closed to avoid distractions.

There are some findings about 2-4 minutes are enough to measure physiological parameters against to some excitations such
as fear, stress, anxious [13]. So, 2 minutes defined as acceptable duration of each period in this study. The subjects were
exposed to four conditions: silence, acoustic white noise, music and silence. First two minutes, GSR and temperature data
were collected without an auditory stimulus to identify baseline values for each subject. Following two minutes acoustic
WN, then the next two minutes CTM (Hiiseyni makam) was used as a kind of auditory stimulus. Last two-minute recordings
were collected without an auditory stimulus.
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2.3.2 Data Analysis

The data were analyzed using the MATLAB 7.0°. Both GSR and skin temperature recordings were examined 2-minute
intervals according to the procedure. Average temperature changes and average skin conductance responses calculated in
each period.

In the present study, Welch method that is based on Fast Fourier Transform which is one variety of Fourier method was pre-
ferred to analyze the skin conductance recordings. Welch method is defined as a kind of classical, non-parametric method.
The spectral estimation with Welch method can be expressed as follows [14]:
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where x, (1) is the signal of length N and is divided into L sections with length M overlapping each other, x| () is the number
i section of x,, (n) ; ion of length M. The value of each parameter was normalized to the range of zero to one that is observed
to be the maximum power spectral density.

In this study, each section was windowed with a Hamming window and modified periodograms were computed and averaged.
Hamming window of 10 samples with an overlap of 5 samples was used in the Welch method.

3. Results

Data were analyzed by the SPSS (v.13.0) statistical package using paired sample Students’ t-tests. The level of confidence
was chosen as 95 % in the statistical analysis. So, it was assumed that there was a significant difference between groups,
when p<0.05.

The means and standard deviations of skin temperature in each period in both the control and schizophrenia groups are
shown in Table 2.

Skin Temperature Control Group (°C)

R1 WN M R2
Minimum 31.18 31.17 30.95 30.75
Maximum 34.69 34.83 34.87 35.02
Mean 33.24 33.29 33.35 33.41
Std Deviation 1.10 1.14 1.18 1.22
Skin Temperature Schizophrenia Group (°C)

R1 WN M R2
Minimum 30.23 30.19 30.02 29.99
Maximum 35.87 3591 35.98 35.94
Mean 33.73 33.85 33.93 33.98
Std Deviation 1.31 1.34 1.36 1.36

(R1: restingl, WN: white noise, M: music, R2: resting2)

Table 2. Skin temperature changes in each period
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Figure 2 illustrates the changing pattern of mean skin temperature values in each period in both the control and the schizophrenia
group. Clearly patient group has a higher skin temperature value than controls in all periods.

Average skin temperature
g P @ Caontrol Group B Schizophrenia Group

R W CTM Rz

Figure 2. Average skin temperature in all steps

Our results showed that there is an increase in the mean of skin temperature in the schizophrenia group (p=0.005) while
white noise exposure. This increase continued in the CTM period (p=0.01). The highest skin temperature value measured in
R2 period in the schizophrenia group. Results indicated that there is a significant increase (p=0.002) in the skin temperature
values between R1 and R2 periods. On the other hand, in the control group white noise exposure caused an insignificant
(p=0.12) increase after first baseline. But, CTM stimulus after white noise caused an increase (p=0.05) in the average skin
temperature value. Similar to the schizophrenia group, control group reported the highest skin temperature value in R2 period.
The skin temperature response shows a significant increasing (p=0.04) pattern from R1 to R2 periods. Table 3 shows the
standard deviations and mean values of the skin conductance (SC) responses between each step. In order to evaluate whether
or not the auditory stimuli have an effect on SC, average differences between each step calculated and illustrated in Figure
3 as using the notations WN-R1, CTM-R1, R2-R1 and CTM-WN. Average skin conductance level increased with auditory
stimuli in both groups. We reported a much more increase in SC while listening to CTM in the controls (p<0.05). Also, a
decrease in SC in both groups in the post-stimulation period according to stimuli was found.

sC Control Group (uSiemens)

WN-R1 M-R1 R2-R1 M-WN
Mean 0.0247 0.0459 0.0076 0.0212
Std Deviation 0.001 0.007 0.003 0.008
sC Schizophrenia Group (uSiemens)

WN-R1 M-R1 R2-R1 M-WN
Mean 0.0228 0.0304 0.0151 0.0075
Std Deviation 0.005 0.006 0.004 0.002

(WN-R1: white noise-restingl, M-R1: music-restingl, R2-R1: resting2-resting1, M-WN: music-white noise)

Table 3. Skin Conductance changes in each period

Skin Conductance Changes # Control Group H Schizophrenia Graup

uSiemens

WWN-R T CTMER R2-R1 CThi-WIN

Figure 3. Comparison of skin conductance changes
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Figure 4 shows the correlation between skin conductance and skin temperature changes in the control and schizophrenia
groups. As the skin temperature increased while stimuli periods, in both groups skin conductance value increased, too.
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Figure 4. Correlation between skin conductance and temperature in the control and patient groups

Although the skin temperature of schizophrenics measured higher than controls while listening to white noise, their skin
conductance value found as similar as controls. On the other hand, while CTM exposure causes a much more temperature
increase in the patient group, the skin conductance of schizophrenics measured lower than the control group. Figure 5 shows the
average values of power spectral densities (PSD) of the skin conductance signals in both groups. In all the periods of the procedure controls
responses found higher than schizophrenics. It was found that PSD of skin conductance of during listening CTM is higher than all other
steps in the control group (p <0.05). Besides, the average PSD values of skin conductance during listening white noise, which includes
rain sounds, show a similar pattern as it has a value during listening CTM in the schizophrenia group. Responses of the two resting states
are very near and show small values of PSD.

Welch PSD of Skin Conductance i Control Group @ Schizophrenia Group

0.005

0.004

0.003

0.002

0.001

R1 WYl CT™ R2

Figure 5. Average of power spectral densities of skin conductance values in schizophrenia and control groups

4. Discussion

The galvanic skin response (GSR) is a simple, useful and reproducible method of capturing the autonomic nerve response
as a parameter of the sweat gland function. Physically, GSR is a change in the electrical properties of the skin in response
to different kinds of stimuli. In general auditory stimuli preferred. Some experiments are conducted using different kinds of
music for an auditory stimulus.

The effects of music upon GSR in normals and schizophrenics have been studied in lots of experiments [15-17]. It was found
in the previous studies that the exciting music produced a decrease, the calming music an increase and the neutral music no
change in electrical resistance. Numerous investigators [ 18] demonstrated that skin resistance fluctuates inversely with local
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skin temperature, but they were unable to draw any conclusions regarding the unpredictable relation of GSR amplitude to
temperature. Under experimental conditions, as the skin temperature increases, skin resistance decreases.

Peripheral temperature is an indirect index of peripheral vasoconstriction. Measured by sensors placed on the finger, tempera-
ture is a useful measure and training protocol in such conditions as diabetes mellitus, migraine, Reynaud’s disease, and stress
reactivity [19]. Events that take place in the brain influence skin temperature, just like they influence other characteristics.
A peripheral response, like a change in skin can be considered an indicator of the cognitive state. The important factors that
affect skin temperature are environmental conditions, individual factors and emotional or physiological state. Given that the
first two factors remain constant, skin temperature can vary by 1-2 degrees Fahrenheit depending upon the emotional state
of a person.

In the present study, two experiments, one using healthy controls and the other using schizophrenic patients, were conducted
to investigate that the effect of the CTM in electrical conductance (inverse of resistance) of the skin and the skin tempera-
ture. Our study confirms that there is a difference in terms of ANS responses between schizophrenics and healthy controls.
Although schizophrenic patients had greater values of skin temperature, healthy subjects exhibited greater skin conductivity
in response to the white noise and CTM exposure than did patients. Moreover, both controls and patients also exhibited sig-
nificantly more skin conductivity to CTM than to white noise (Figure 3) possibly as a result of a decreased parasympathetic
activity. In other words, it was found for both the control and schizophrenia groups that the decrease in skin resistance due
to the white noise and music. The changes in skin conductivity are interpreted as due to the emotional effects produced by
the stimulus. Specifically, despite greater skin temperature, the pattern of schizophrenics’ skin conductance responses found
as near as controls in the white noise period (Figure 4). This finding appears consistent with results of previous studies in
which 40% to 60% of schizophrenic patients have depressed electro dermal activity as indicated by a failure to respond to
stimuli, the presence of low skin conductance level [20].

Most of the GSR studies have been concerned with the normal values of response amplitude and latency. Here, the power
spectral density values of the GSR signal were evaluated. So, the spectral estimation of GSR was investigated. Despite it
has a higher value than the baseline periods, average power spectral densities of skin conductance during listening acoustic
white noise and listening CTM found as similar in the schizophrenia group (Figure 5).

In the light of our findings, CTM causes a more decrease in skin resistance, which is an index of person’s stress in controls.
It remains unclear whether schizophrenics’ skin conductance change is specific to CTM or white noise. An explanation for
this situation is that schizophrenic patients have trouble with processing emotional information. Although white noise pre-
ferred as a neutral and CTM as a positive stimulus in our study, this difference could not have evaluated by schizophrenia
patients. In conclusion, these findings suggest that autonomic arousal for auditory stimuli in schizophrenic individuals are
remarkably different from healthy individuals. The use of skin conductivity in response to CTM is the first attempt of which
we are aware of measure ones stress level without using some anxiety scales in psychiatry. Future research should include
negative stimuli in addition to neutral (white noise) and positive (CTM) stimuli. Nonetheless, the findings of this study should
be extended by investigators using other types of stimuli and other kinds of electrophysiological measures to investigate the
effects of CTM.
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