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Abstract

Skin Conductance (SC) and Heart Rate (HR) are the two basic tools to evaluate any small physical
change that occurred in the human body. Skin conductance demonstrates the electrical conductivity
response of the skin. Skin conductance response is the evaluating tool of sympathetic activation of the
autonomic nervous system (ANS). When external or internal sensations arise that are physiologically
stimulating, the skin temporarily becomes a stronger conductor of electricity. Heart rate shows the beat
to beat interval of our heart. The purpose of this paper is to explore the effectiveness of various physical
activities on skin conductance and heart rate. To this end, on the self-recorded data set of twenty
subjects, the sample entropy is evaluated for the SC, and HR is evaluated. The mean value of skin
conductance and heart rate was also examined along with the p-value to evaluate the impact of body
positions on the skin conductance response and heart rate. For this purpose, the skin conductance
response and HR is recorded for 10 minutes in the position of supine and standing simultaneously. By
evaluating the results, it is observed that the value of skin conductance (SC) response and heart rate are
increased as the activity is shifted from supine to standing. From the results, it is inferred that there is
a substantial decrease in the sample entropy of SC and HR in the standing posture, which indicates an
increase in the sympathetic activation of the autonomic nervous system (ANS) in the standing position.
A positive correlation is found between the response of skin conductance and heart rate when the

position of the body is changed from supine (rest) to standing posture.
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1 Introduction

Skin conductance (SC) is the most widely used measurement tool in psychophysiological research
involving emotional agitation and is typically measured with the hand's fingers or palms. Skin Conductance
is often used these days to determine the physical activity impact. It is also called Electrodermal Activity
(EDA) and measured in micro-Siemens. The response of skin conductance is varied when the level of sweat
in the duct is varied which represents the sympathetic activation of the autonomic nervous system (ANS) as
explained in [1]. While Eccrine sweat glands have no parasympathetic stimulation while they represent
sympathetic activation [2-3]. EDA is defined as an indication of varying electrical conductance in the skin.
Due to autonomous sweat gland innervation, skin conductance is used as a metric of the sudomotor sweat
gland [4]. The Central and peripheral functions of the sympathetic nervous system can be assessed using skin
conductance [5]. The changes that occurred due to sympathetic vagal activity can also be evaluated with skin
conductance [6]. Both physical and emotional behaviors such as exercise, running, aerobics, interpersonal
expetiences, postural changes, excitement or frustration, etc. affect the sympathetic as well as
parasympathetic activity and can be assessed using SC and HR as mentioned in [7]. The changes that occurred
in the response of skin conductance represent the sympathetic activation of the nervous system. Cardiac
autonomic regulation is defined as an ANS subsystem, in the sense of physical exercise. Physical activities

caused the physical load on the subject and their sweating rate increased. Sweat generation has a significant
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positive correlation with the skin conductance response which is represented by EDA. Only the Fluctuations
of sympathetic activities can be represented with skin conductance [8-9].

Skin conductance response has also been used in various studies as a tool such as in the study of risk-
taking behavior, as a reflector of anxiety, or as a parameter for different physiological and psychological
behavior. The efficacy of GSR biofeedback in epilepsy was investigated in [10]. Skin conductance is also
used as a parameter for assessing the pain [11]. An electrodermal activity can be measured in terms of tonic
level and phasic level activity which represent non-event related and event-related changes that occurred in
the electrical activity of the skin [12-13].

Parameters of EDA are Skin Conductance Level (SCL) and Skin Conductance Response (SCR) as
mentioned in [14]. The SCL represents the tonic part of EDA while SCR represents the phasic part. Skin
conductance response is dependent on the event-related responses of skin conductivity [15]. In Fig. 1, the

component of the tonic level and phasic level is shown.
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Fig. 1. Classification of EDA

The tonic level component depends on slow changes occurred in skin conductivity while the phasic level
depends on the event-related activity [16]. Thus, SC is a powerful parameter for the assessment of
sympathetic activation during various physical activities.

Heart rate is an important index to analyze cardiac activity. The quantitative index of the ANS is given
by the analysis of HRV. Variation in the HR is used as a proxy for mortality and various risk factors. Thus,
with the HRV calculation, the operation of the ANS can be measured. The HRV signal is obtained via the
ECG signal’s beat-to-beat RR interval calculation as explained by [17]. Cardiac autonomic control is defined
as a subsystem of ANS in the context of physical exercise. Physical movements are found to be responsible
for the sympathetic activation of the ANS [18]. Various researchers have investigated that both HRV and
SC are affected by physical as well as mental activities such as exercise, public interactions, postural changes,
depression, joy or anger, etc. Different body posture and activities like internal changes of the body (i.e.,
menstrual cycle), exercise, running or aerobics, affects the sympathetic as well as parasympathetic activity
[19-21].

Variability of HR and SC are useful methods to assess the central and peripheral dynamics of the
sympathetic nervous system and track the effects of various chronic conditions and life-challenging
circumstances. HRV, therefore, reflects the changes in sympathetic and parasympathetic processes, while
skin behavior may reflect the changes that have occurred using sympathetic vagal action [22-24].

After a detailed survey of the literature, it is found that both heart rate and skin conductance are non-
linear. So to extracts, the maximum information from the response of both the parameters the sample

entropy method is used. For the analysis of the complexity of biological signal the sample entropy method
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is developed by Richman and Moorman [25-26]. It is a modified form of Approximation Entropy and is
widely used because self-matches are not allowed in it and it does not depend on data length.

Thus, in this research paper, the behavior analysis of SC and HR is performed by applying the sample
entropy method in the postural change.

2 Material & Methods
2.1 Experimental Protocol

This paper is focused on the effect of different body activity on skin conductance response and heart
rate. For this purpose, 20 subjects were primarily informed about the experimental procedure and their
consent had been taken. All twenty subjects are the student in the undergraduate programs. On the day of
recording before the recording started, the subjects were instructed not to eat or drink for at least 2 hours.
Before the experiment began the participants were suggested to take a rest for 5 minutes in the lying position.
After the rest of 5 minutes, the recording of ECG and SCR were acquired in the supine posture for 10
minutes, followed by the standing posture again for 10 minutes. For the recording of ECG, the
BIOPAC®MP36 instrument has been used at 500 Hz sampling frequency, while the recording of SCR is
performed using the NEULOG logger Galvanic Skin Response Sensor. The flow chart of data acquisition

is shown in Fig 2.
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Fig. 2. Flowchart: Acquisition of data
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2.2 Overview on Sample Entropy

Sample entropy is used to evaluate the complexity and randomness of a biological signal or a time series
[26]. The sample entropy (m, 1, N) for a biological signal of length N can be evaluated by taking the negative
logarithm of the conditional probability of the two template vector pairs C and D. Here m is the embedding

dimension to create vector pairs and r is the tolerance value. Sample entropy is given in (1)
Cc
SE.=— logE 1)
Where C= number of vector pairs having maximum distance as-

d [Qm+1(D, Qm+1 (D] <t

and D= number of vector pairs having maximum distance as-

d [@m (D), Qm()] <

Where d= maximum distance between two samples
3 Methodology

In this paper, the self-recorded data set is used to analyze the effect of different body activity (postures)
on skin conductance response and heart rate. The subjects were asked to perform two physical activities are
(@) 10 minutes in the supine posture (lying) (i) Standing posture for 10 min. The recording of skin
conductance response and HR has been taken in the two positions as mentioned above for ten minutes each.
First, the subject was asked to laying down for 10 minutes and the recording for the supine posture was
recorded. Afterward, five minutes of rest was provided. After rest, the recording was taken in the posture of
standing for ten minutes. After the recording of the ECG signal, the RR signal is extracted from it for analysis
purposes. After the successful acquisition of SCR and HR signal in supine and standing posture, the mean
value and sample entropy for both signals are calculated. After the calculative analysis of data, the

comparative analysis was also performed as explained in Fig. 3.
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Fig. 3. Flowchart: Research methodology
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4 Results

This research work aims to analyze the effect of postural change on the skin conductance response and
heart rate. For the evaluation of the complexity of the recorded signals the sample entropy analysis method
is used. The results are shown in the form of mean value along with their standard deviation (SD) for both
the postural change activity. The results of SE are shown in table 1.

Obtained results show a significant decreased in the value of sample entropy for both skin conductance
and heart rate in the standing posture.

Further for the analysis of results, the t-test is performed on the recorded data set of SC and HR for both
the postures. The results are represented in the form of Mean = SD with their significance value-p. The
statistical significance is considered p<<0.05 as shown in table 2.

In table 2 the mean value of 20 subjects is shown for the postural change activity for both parameters.
The mean value for the standing posture is found higher in comparison with the supine for the SC. For HR

the mean value is lower in supine posture and increased when posture is changed from supine to standing.

TABLE 1 SAMPLE ENTROPY ANALYSIS OF SC AND HR WITH INTERPRETATION

Method Parameter Body Posture | Mean * SD Interpretation
Non-linear | Skin Supine 0.0582%0.1438 The lower value of Sample entropy for
method — Conductance SC in standing position as compared to
Standing 0.031620.0892 supine implies that the sympathetic
Sample activation is higher in the position of
Entropy standing.
Analysis Heart Rate Supine 1.6171£0.2812 A higher value of Sample entropy for HR
Standing 12178503119 in the. po.sitio? of supine as compared t.o
standing implies that the parasympathetic
activity is higher in the position of supine.

TABLE 2 MEAN VALUES OF N=20 SUBJECTS FOR SC AND HR IN THE SUPINE AND

STANDING POSTURES
S. No. Parameters Body Posture Mean * SD P-value
1. Skin Conductance Supine 1.656+2.125 0.0062
Standing 2.113£2.012
2. Heart Rate Supine 78.275+10.301 2.87E-09
Standing 96.449+11.497

Level of Significance is considered p<0.05
5 Discussion

Analysis using sample entropy shows a significant decrease in a standing posture for both SC and HR.
the lower value of SE in standing posture represents that the sympathetic activation is higher in the standing
posture in comparison with supine. It also represents that the complexity is higher in the supine posture and
decreases when posture is changed. In table 2 results expressed the mean value of SC and HR is increased
in standing. When the activity is changed from supine to standing the skin sympathetic activity increases.
Heart rate shows the cardiac regulations and in the standing posture, the significance increased is observed.

There is also a significant difference is found in both the postures. P-vale represents the statistical difference
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between both the postures. The same changes are found in both the parameters for postural activities and it
represents a positive correlation between SC and HR.

After the calculative part, the analysis of the distribution of the data is also necessary for both
physiological parameters. The distribution of values for SC and HR is calculated using box and whisker plot
for the sample entropy analysis as well as for the average value of 20 subjects in the supine and standing
postures. “Fig. 4” and “Fig. 5” shows the distribution of the data of sample entropy analysis in supine and
standing posture for SC and HR. while in “Fig. 6 and “Fig. 7 the distribution of the mean value of 20

subjects is represented for skin conductance and heart rate for both the postures.
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Fig. 4. Comparative analysis in Supine and Standing postures using Sample Entropy for SC
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Fig. 5. Comparative analysis in Supine and Standing postures using Sample Entropy for HR
In “Fig. 4” and “Fig. 57, the distribution of sample entropy is lower in the standing posture compared to
supine for both skin conductance and heart rate. The lower value of sample entropy indicates higher

sympathetic activation in the standing posture.
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Fig. 7. Comparative analysis in Supine and Standing postures using the mean value of 20 subjects for HR

The distribution of the data of the comparative analysis in the supine and standing posture for the average
value of 20 subjects is shown in “Fig. 6” and “Fig. 7”. The box and whisker plot shows the higher distribution
of the mean value of SC and HR in the standing posture which indicates the decrement of parasympathetic
activity.

6 Conclusions

This research paper is aimed at exploring the effect of postural change on SCR and HR. The skin
conductance response and heart rate of the self-acquired data set of twenty participants have been analyzed.
The acquisition of data is performed in two positions- supine and standing, each for 10 minutes. The
response of skin conductance and HR has been found higher in the position of standing compared to supine,
which indicates that the sympathetic activity is increased when the posture is changed from supine to
standing. To validate these results, the non-linear analysis method is also applied to the acquired data which
is sample entropy analysis. The value of sample entropy of SC and HR is obtained higher is the supine
posture in comparison withstanding that also indicate the higher sympathetic activation in the standing body

position. So with the obtained results, it can be concluded with the results that the sympathetic activation of
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the autonomic nervous system has occurred when activity is changed from supine (low-intensity activity) to

standing (high-intensity activity).
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