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Abstract: The aim of this study was to determine the physiological effects of the audiological test procedure on individuals and the changes
in Galvanic Skin Response (GSR). GSR data from 39 volunteers at rest and during the audiological testing were analyzed and the effects of
the audiological testing procedure were evaluated. It was observed that the audiological test showed significant differences according to the
resting status in terms of mean value, mean power, Root Mean Square (RMS), Kurtosis, and Skewness. The results obtained in the study
show that these differences in GSR can be evaluated according to the physiological effect reflections of the emotional changes created on
individuals by the audiological test.
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1. INTRODUCTION Villarejo et al. designed a stress sensor based on GSR and

Nowadays, audiological testing is frequently performed in ~ controlled by ZigBee. They found that the GSR detects
specialized clinics to determine whether individuals have different situations of each user with a success rate of 76.56%

hearing loss and the degree of hearing loss. It is important to [3].

determine the physiological effect of this test on the Fernandes et al. stated that stress is a reaction to
individual. Galvanic Skin Response (GSR) is a type of mental/emaotional or physical aspects that occur in daily life.

reaction caused by changes in the electrical conductivity of Thé)/sil;so Zaédl th:;tpmd|V|duaII3;;hyS|oIt§>g|cal dparameters Suih
the skin. Physiological changes here arise from changes in the as and Blood Pressure (BP) can be used as a measure to

psychological state of the individual such as stress, determine stress [4]

. . . - - Yang et al. examined the effects of traveling by various
excitement and relaxation, Gokay et al. [1]. This study aimed modes of transportation on GSR as a measure of stress. The
to determine the physiological effects of the test and the ) y

. LT . . . found that cycling reduced GSR by 5.7% to 11.1% in
chapges In GSR in |n_d|V|c_juaIs un_dergomg aUd'OIOg',CaI comparison to any other activity, that walking was also
testln_g. There are studies in the I|t_erat_ure to determine beneficial and reduced GSR by 3.9% to 5.7% in comparison
emotlonal states from GSR changes in different areas and to any other activity, and that motorized (public or private)
different problems [2]-[10].

- . travel negatively affected GSR up to 1.1% in comparison to
Westerink et al. stated that computers should recognize and any activity other than motorized travel [5].
respond appropriately to the emotional state of their users to Joshi et al. studied the influence of religious songs on
improve Human-Computer Interaction (HCI). As the first  [ngjan Engineering students’ stress management through
step of a system that recognizes the emotions of individual  GSR. As a result of the study, they emphasized that GSR
users, they stated how emotional experiences are expressed in  decreased for the experimental group listening to hymns
six physiological parameters (mean, absolute deviation,  compared to the control group in t = 300 seconds [6].
standard deviation, variance, skewness, and kurtosis). They Tang et al. found that one way to detect stress is to measure
classified them into four categories of emotions: negative, ~ GSR, because the electrical conductivity of the skin changes
positive, mixed, and neutral. They stated that the skewness  with physiological stimulation. They studied the effects of
and kurtosis of the GSR distinguished between the four  different activities (sitting, standing, and walking) on GSR
emotion categories [2]. measurements [7].
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Kim et al. have developed a model that accurately
classifies driving stress by monitoring GSR. The overall
classification accuracy of the developed model was 85.3%
and the cross-validation accuracy with the test data set was
83.2%. They stated that the developed model could be placed
in a wearable device equipped with GSR sensors to detect the
stress levels of drivers in real-time [8].

Joshi et al. worked to find the most effective way to cope
with stress by measuring the effect of musical exercise types
and yogic breathing on engineering students using the GSR
Sensor Meter (GSRSM). The experimental group reported a
decrease in the mean GSR value when they took deep yogic
breaths, listened to religious hymns, and listened to flute
music [9].

Gogate et al. used the GSR sensor, which is the preferred
method for monitoring hunger and stress, because it measures
the skin conductance due to sweating. They found that
caregivers could determine the patient’s hunger and even the
mental stress state based on the response of the sensor. They
stated that the sensor can be used in hospitals or in homes
where only elderly people stay [10].

Khawaji et al. stated that text messaging through the
software on smartphones and computers is one of the most
popular ways for people to communicate. However, there are
negative aspects to using such software, for example, people
communicating in a text chat environment may experience a
lack of trust and encounter different levels of cognitive load.
They found that GSR can be used as a tool to measure
interpersonal trust when cognitive load is low, and also as a
tool to measure cognitive load when trust is high [11].

In their review study, Vahey et al. found that patients with
mood disorders had low or flat GSR profiles consistent with
their review expectations. They also pointed to a widespread
left-side bias in patients with mood disorders [12].

Telegina et al. studied the variations in GSR and speech
parameters during play in children aged 8-9 years. They
examined the emotional changes of children in different
situations [13].

Caprara et al. performed an objective measurement of
dental anxiety in a patient with a galvanic skin reaction. They
found that in all cases there was a statistically significant
relationship between skin conductance and dental anxiety
[14].

Najafpour et al. stated that the GSR is a reliable and valid
measure for the evaluation of children's dental anxiety in the
clinical context. GSR has been reported to help identify
clinically anxious children before dental treatment to ensure
appropriate interventions [15].

There are different studies in the literature in which GSR
changes are analyzed to evaluate speech intelligibility,
deterioration of individual pronunciation, and speech
dissatisfaction [16], [17].

Nishigawa has shown that GSR can be a method for
evaluating speech dissatisfaction in patients after oral cancer
extrusion surgery in the measurement of electrical resistance
change of the skin [16].
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Nishigawa et al. confirmed that speech improved with
mobile prosthesis in 11 patients with maxillary bone defects
by using a speech intelligibility test and visual analog scale
before evaluation. Electrical resistance value in
pronunciation, apparatus (GSR measurement apparatus) was
measured with the measurement system created by the
personal computer program, and the changes in electrical
resistance value after pronunciation were evaluated by
calculating the rate of deterioration of pronunciation
[(average electrical resistance before pronunciation - average
electrical resistance after pronunciation) /average electrical
resistance before pronunciation]. This rate of deterioration in
pronunciation is defined as the index of the subject's
dissatisfaction with speech. They found that the mean values
for the prosthetic reduction rate were significantly smaller
than the non-prosthetic values [17].

In this study, determining the physiological effects of the
entire audiological test procedure on the individual will
contribute to a more comprehensive evaluation of people with
hearing problems and speech disorders when considered
together with situations such as speech intelligibility and
decline in pronunciation. In the next part of the study, the
method used in the study and the findings obtained will be
presented.

2. MATERIAL AND METHOD

In the study, GSR data of 39 healthy volunteers were
recorded at rest and then during the speech intelligibility test
in an insulated private room where audiological tests were
performed at Akdeniz University Hospital, Department of
Otorhinolaryngology, Audiology unit.

The demographic characteristics of the volunteers are
shown in Table 1.

Table 1. The demographic characteristics of the volunteers.

Frequency Percent

Female 26 66.6
Gender Male 13 33.3

> 39 100

Between 18 and 30 21 53.8
Age years old

Between 31 and 50 18 46.2

years old

A. Data collection

In the study, GSR records were taken from healthy
volunteers in the 1-minute rest state and then during the
audiological test. In the study, the natural galvanic skin
response (skin conductance) was recorded using the NeulLog
GSR logger sensor NUL-217.

The maximum sampling rate of the device is 100 (S/sec)
and the analog-to-digital converter resolution is 16 bits
(NeuLog website 2022). The GSR measurement unit used in
the research was micro Siemens per second. The sensors are
attached to the participant's index and ring fingers. Fig. 1
shows the image of the sample data collection from a
volunteer in an audiometric test room.
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Fig. 1. Image of sample data acquisition from a volunteer in an
audiometric test room.

B. Speech comprehensibility test

e Speech Comprehensibility Index:

Sound generators used to evaluate peripheral hearing and
produce pure sound are called audiometers. While standard
audiometers allow measurement at frequencies between 125-
8000 Hz, high-frequency audiometers are used to evaluate
high frequencies between 8000-18000 Hz. The graphs in
which the hearing thresholds determined by audiometers are
recorded are called audiograms. Routine audiograms are used
to show air and bone conduction hearing thresholds between
125 and 8000 Hz [18].

Airway hearing measurement: These are measurements
made to determine the threshold level that the patient can hear
with pure sounds given through the headphones from the
external ear canal. The first application before starting the test
is the correct placement of the headphones. The headphone
cables and other parts of the audiometer must be placed so
that they do not disturb or distract the patient. When the
patient hears the sound, he/she is asked to press the button or
raise his/her hand a little [18].

e Bone Conduction Hearing Measurement:

The second stimulation pathway of the cochlea is provided
by bone conduction vibrations. Although audiological
diagnosis is not as perfect as airway conduction, it should
carry auditory stimulation with all its acoustic properties.
Bone conduction is provided by specially designed and
calibrated vibrators placed in the mastoid process behind the
auricle. Bone conduction measurement is performed between
500-4000 Hz. Bone conduction assessments provide
information about the sensorineural system and the entire
system, including the airway, conduction, and sensorineural
system. The similarities and differences between the air and
the bone conduction evaluations obtained in the
measurements are the determining criteria in the diagnosis of
hearing loss [18].

The second important stage of the audiological assessment
is the assessment of speech comprehension and speech
discrimination. Speech audiometry is used to assess the
patient's speech perception skills. Speech audiometry is
important in audiological evaluation because speech signals
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are the true indicator of auditory stimuli in daily life, the
auditory system is specialized in speech perception, and the
words used in the evaluation are chosen from the most
familiar ones. The materials used in speech audiometry
consist of words previously recorded or read by the
practitioner. To evaluate how they perceive speech, the
patient is asked to repeat what they hear. Measuring speech
perception ability is extremely helpful in predicting a patient's
success with hearing aids while giving the clinician a clear
idea of the patient's functional hearing ability [18].

e Speech Reception Threshold (SRT):

This test, used to determine the degree of speech
recognition, is commonly referred to as the speech threshold
test. The SRT measures the patient's ability to accurately
repeat 50% of the words presented to him/her at a certain
severity level. This level must be compatible with the average
value of the pure tone audiometry thresholds at 500, 1000,
and 200 Hz. The difference between the pure tone average
and the SRT should not exceed 10 dB [18].

e Speech Discrimination (SD):

This test, also known as the speech recognition test, aims
to evaluate the speech recognition skill by using
monosyllabic words at a constant level above the threshold.
It is determined as the percentage of speech recognition or
discrimination of words that the person repeats correctly.
These values are of great importance for differential
diagnosis and rehabilitation [18].

C. GSR signal analysis

The mean value, standard deviation, and minimum and
maximum values of the received GSR signals were associated
with speech comprehensibility test results by subtracting
attributes such as kurtosis and skewness.

The GSR is the physiological reflection of the body's
responses to excitement. When a person is excited, the body
sweats and therefore the amount of salt in the skin increases,
which increases the electrical resistance of the skin and
decreases the flow through the skin. This creates a measurable
electrical conductance value. This electrical conductance can
be measured by electrodes attached to two fingers [19].

The GSR sensor is used to measure skin conductivity
between two electrodes. The electrodes consist of safe and
low-voltage metal plates that come into contact with the skin.
Continuous contact of the electrodes with the fingers of the
user is provided by a cover. A low voltage is applied to the
skin to measure resistance, and the current delivered by the
skin is measured [19].

In this study, it was observed that the GSR levels of the
volunteers varied during the audiological test according to the
GSR levels corresponding to the resting state (unstressed
state). There are studies in the literature that propose different
methods to detect stress levels from GSR changes.
Electrodermal Activity is one of the best real-time correlates
of stress. It is related to arousal and has been widely used in
stress detection [20], [21], [22].

The change of GSR data of a volunteer during the resting
state and audiological test process is shown in Fig. 2.
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Sample GSR change of a volunteer for the Resting and Audiological Test Phases
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Fig. 2. The change of GSR data of a volunteer during the resting state and audiological test process.

In the literature, features such as Standard Deviation,
Variance, Kurtosis, Skewness, and Entropy are generally
extracted from GSR signals. In this study, the most distinctive
features related to the audiological test were determined as
mean value, mean power value, Skewness, Kurtosis, and
RMS. The formulations of these attributes are presented
below.

Average GSR

It is obtained by dividing the cumulative sum of the
amplitude values of the GSR signals received from the
volunteers throughout the recording by the recording time
[23].

n
i=1%i

1)

j' =
n
Average Power Value
It is the average of the squares of the amplitude values of
the GSR signals received from the volunteers throughout the
recording [23].
1

Ei:_

LNl )2

)
Skewness
It is expressed as a measure of the probability distribution
asymmetry of a random process. It is calculated by the 3rd
moment of the random process. Y is the average value, s is
the standard deviation, and N is the amount of data [23].

—\2
S = Z?’:1(Yi—Y) ) (3)
(N-1)s2
Kurtosis
It is expressed as a measure of the probability distribution
kurtosis of a random process. It is calculated by the 4th
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moment of the random process. Y is the average value, s is
the standard deviation, and N is the amount of data [23].

_ah(re)'
K=—a0s )

RMS

It is a statistical criterion used to measure the size of
varying quantities. It is especially useful in waves where
change is in the positive and negative direction. The mean
name of the square root comes from taking the square root of
the mean of the squares [23].

1
RMS = /ﬁzﬁv:lxiz.
3. RESULTS

An increase in GSR signal indicates an increase in stress
level. Fig. 3 shows the boxplot variation of the mean GSR
values for the audiological test and the resting states as the
mean of all volunteers. We can see similarities and
differences between the two distributions in the graph. Both
distributions have roughly the same center. However, the
mean value in the test phase has a greater variation than in the
resting state. The fact that the width of the test state boxplot
is larger than the resting state boxplot indicates that more
GSR average values are formed in the audiological test phase.
In other words, the fact that the boxplot is relatively short can
be evaluated as showing that the volunteers generally have a
high level of close mean value with each other for the resting
state. Fig. 4 shows the variation of the mean values for the
resting state and the test state of the GSR. As can be seen here,
the mean GSR value is higher in the test phase than the resting
state.

Q)
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The variation of average value between testing and resting phase
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Fig. 4. The variation of average value between testing and resting
phase.
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Fig. 5. The boxplot shows the difference in kurtosis value.

Fig. 5 shows the boxplot variation of GSR kurtosis values
for audiological testing and resting states as the mean of all
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volunteers. When the graph is examined, both distributions
have approximately the same center. However, the mean
value in the test phase has greater variation than in the resting
state. The fact that the width of the test state boxplot is larger
than the resting state boxplot indicates that more GSR
kurtosis values occur during the audiological test phase.
Fig. 6 shows the changes in kurtosis values for the resting
state and test states of the GSR. As can be seen from here, the
GSR kurtosis value is higher in the test phase than the resting
state.

251
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Fig. 6. The variation of kurtosis value between testing and resting
phase.

Fig. 7 shows the boxplot variation of GSR skewness values
for audiological testing and resting states as the mean of all
volunteers. When the graph is examined, the center of the
distribution in the resting phase is higher than in the test
phase. However, the mean value in the test phase has greater
variation than in the resting state. The fact that the width of
the test state boxplot is greater than the resting state boxplot
indicates that more GSR skewness values are formed during
the audiological test phase. Fig. 8 shows the changes in the
skewness values for the rest and test condition of the GSR.
As can be seen here, the GSR skewness values show an
inverse change in the test and resting stages.

The variation of skewness value between testing and resting phase
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Fig. 7. The boxplot shows the difference in skewness value.
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Fig. 8. The variation of skewness value between testing and resting
phase.
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Fig. 9. The boxplot shows the difference in skewness value.
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Fig. 10. The variation of RMS value between testing and resting
phase.

Fig. 9 shows the boxplot variation of GSR RMS values for
audiological testing and resting states as the mean of all
volunteers. When the graph is examined, both distributions
have approximately the same center. However, the mean
value in the test phase has greater variation than in the resting
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state. The fact that the width of the test state boxplot is larger
than the resting state boxplot indicates that more RMS values
are formed during the audiological test phase. Fig. 10 shows
the changes in the RMS values for the rest and test state of
the GSR. As can be seen here, the average RMS value is
higher in the test phase than the resting state.

Fig. 11 shows the boxplot variation of the GSR signal
average power values for the audiological test and resting
states as the mean of all volunteers. When the graph is
examined, both distributions have approximately the same
center. However, the mean value in the test phase has greater
variation than in the resting state. The fact that the width of
the test state boxplot is greater than the resting state boxplot
indicates that more average power values occur during the
audiological test phase. Fig. 12 shows the variation of the
average power values for the rest and test states of the GSR.
As can be seen here, the average power value is higher in the
test phase than the resting state.

The variation of average power value between testing and resting phase
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Fig. 11. The boxplot shows the difference in average power value.
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Fig. 12. The variation of average power value between testing and
resting phase.

The t-test was used to statistically analyze the results
obtained in this study. The t-test is a widely used method to
see if the mean of two groups is statistically different from
each other. The reason for using the t-test in this study is to
determine if there is a significant difference between the
audiological test and resting state data.
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From the results in Table 2, it can be seen that p < 0.05 is
statistically significant for the Average value, Average power
value, Skewness, and RMS features.

Table 2. The t-test results.

Feature p-value
Average value 0.0071
Average power value 0.0051
Skewness 0.0090
Kurtosis 0.0595
Root Mean Square 0.0070

4, CONCLUSION AND DISCUSSION

To determine the physiological effects of the audiological
test procedure on individuals, this study analyzed the GSR
data obtained from the volunteers during rest and
audiological test in an attempt to determine the effects of the
audiological test procedure. It was concluded that the
audiological test showed significant differences according to
the resting state in terms of the mean value, mean power,
RMS, kurtosis and skewness characteristics of GSR changes.
Especially in terms of GSR skewness average values, an
inverse change occurs in the test and rest stages. Considering
that skewness is a measure of the probability distribution
asymmetry of a random process, it is understood from this
reverse change that the test and rest phases can be
distinguished using this feature of the GSR. Considering that
the differences in GSR between different situations are
caused by changes in the psychological state of the person,
such as stress, excitement, boredom and relaxation, the
emotional changes induced in individuals by the audiological
test can be determined from the GSR signal. At this stage, it
should also be taken into account that the person may be
stressed or excited during the audiological test due to any
hearing problem. For example, by associating the GSR
changes of the person with the audiological test scores, it is
possible to determine what kind of emotional change a
hearing problem may be causing during the audiological test.

ACKNOWLEDGMENT

We would like to thank the staff of the Audiology Unit of
the Akdeniz University Hospital, and also the volunteers who
participated in the study.

ETHICAL APPROVAL

The study was approved by the Medical Ethical Committee
of Akdeniz University and the experiment was undertaken in
compliance with national legislation and the Declaration of
Helsinki.

REFERENCES

[1] Gokay, R., Masazade, E., Aydin, C., Erol-Barkana, D.
(2015). Emotional state and cognitive load analysis
using features from BVP and SC sensors. In IEEE
International Conference on Multisensor Fusion and
Integration for Intelligent Systems. IEEE, 178-183.
https://doi.org/10.1109/MF1.2015.7295805

98

(2]

(3]

[4]

[5]

6]

[7]

8]

[0]

[10]

[11]

Westerink, J.H.D.M., van den Broek, E., Schut, M., van
Herk, J., Tuinenbreijer, K. (2008). Computing emotion
awareness through galvanic skin response and facial
electromyography. In Probing Experience: From
Assessment of User Emotions and Behaviour to
Development of Products. Springer, 149-162.
https://doi.org/10.1007/978-1-4020-6593-4 14
Villarejo, M.V., Zapirain, B.G., Zorrilla, A.M. (2012).
A stress sensor based on Galvanic Skin Response
(GSR) controlled by ZigBee. Sensors (Basel), 12 (5),
6075-6101. https://doi.org/10.3390/s120506075
Fernandes, A., Helawar, R., Lokesh, R., Tari, T,
Shahapurkar, A.V. (2014). Determination of stress
using Blood Pressure and Galvanic Skin Response. In
2014 International Conference on Communication and
NetworkTechnologies. IEEE, 165-168.
https://doi.org/10.1109/CNT.2014.7062747

Yang, X., McCoy, E., Anaya-Boig, E., Avila-Palencia,
l., Brand, C., Carrasco-Turigas, G., Donsi, E., Gerike,
R., Goetschi, T., Nieuwenhuijsen, M., Orjuela, J.P.,
Panisi, L.I., Standaert, A., de Nazelle, A. (2021). The
effects of traveling in different transport modes on
galvanic skin response (GSR) as a measure of stress: An
observational study. Environment International, 156,
106764.

https://doi.org/10.1016/j.envint.2021.106764

Joshi, A, Kiran, R., Sah, A.N. (2017). An experimental
analysis to monitor and manage stress among
engineering students using Galvanic Skin Response
meter. Work, 56 (3), 409-420.
https://doi.org/10.3233/wor-172507

Tang, T.B., Yeo, L.W., Lau, D.J.H. (2014). Activity
awareness can improve continuous stress detection in
galvanic skin response. In 2014 IEEE Sensors. IEEE,
1980-1983.
https://doi.org/10.1109/ICSENS.2014.6985421

Kim, J., Park, J., Park, J. (2020). Development of a
statistical model to classify driving stress levels using
galvanic skin responses. Human Factors and
Ergonomics in Manufacturing & Service Industries, 30
(5), 321-328. https://doi.org/10.1002/hfm.20843

Joshi, A., Kiran, R. (2020). Gauging the effectiveness
of music and yoga for reducing stress among
engineering students: An investigation based on
Galvanic Skin Response. Work, 65 (3), 671-678.
https://doi.org/10.3233/wor-203121

Gogate, U., Bakal, J. (2019). Hunger and stress
monitoring system using galvanic skin response.
Indonesian Journal of Electrical Engineering and
Computer Science, 13 (3), 861-865.
http://doi.org/10.11591/ijeecs.v13.i3.pp861-865
Khawaji, A., Zhou, J., Chen, F., Marcus, N. (2015).
Using galvanic skin response (GSR) to measure trust
and cognitive load in the text-chat environment. In 33rd
Annual ACM Conference Extended Abstracts on
Human Factors in Computing Systems. New York:
Association for Computing Machinery, 1989-1994.
https://doi.org/10.1145/2702613.2732766


https://doi.org/10.1109/MFI.2015.7295805
https://doi.org/10.1007/978-1-4020-6593-4_14
https://doi.org/10.3390/s120506075
https://doi.org/10.1109/CNT.2014.7062747
https://doi.org/10.1016/j.envint.2021.106764
https://doi.org/10.3233/wor-172507
https://doi.org/10.1109/ICSENS.2014.6985421
https://doi.org/10.1002/hfm.20843
https://doi.org/10.3233/wor-203121
http://doi.org/10.11591/ijeecs.v13.i3.pp861-865
https://doi.org/10.1145/2702613.2732766

[12]

[13]

[14]

[15]

[16]

[17]

MEASUREMENT SCIENCE REVIEW, 23, (2023), No. 2, 92-99

Vahey, R., Becerra, R. (2015). Galvanic skin response
in mood disorders: A critical review. International
Journal of Psychology & Psychological Therapy, 15
(2), 275-304.
https://www.ijpsy.com/volumenl5/num2/414.html
Telegina, T.L., Pigareva, M.L. (1994). Variations in the
galvanic skin response and speech parameters in 8-9-
year-old children during play. Journal of Russian &
East European Psychology, 32 (2), 85-95.
https://doi.org/10.2753/RP0O1061-0405320285
Caprara, H.J., Eleazer, P.D., Barfield, R.D., Chavers, S.
(2003). Objective measurement of patient's dental
anxiety by a galvanic skin reaction. Journal of
Endodontics, 29 (8), 493-496.
https://doi.org/10.1097/00004770-200308000-00001
Najafpour, E., Asl-Aminabadi, N., Nuroloyuni, S.,
Jamali, Z., Shirazi, S. (2017). Can galvanic skin
conductance be used as an objective indicator of
children's anxiety in the dental setting? Journal of
Clinical and Experimental Dentistry, 9 (3), e377-e383.
https://doi.org/10.4317%2Fjced.53419

Nishigawa, G., Maruo, Y., Okamoto, M., Oka, M., OKi,
K., Kinuta, Y., Minagi. S. (2003). Galvanic skin
response as a parameter for evaluating speech
disability. Journal of Dental Research, 82 (B), 187.
Nishigawa, G., Natsuaki, N., Maruo, Y., Okamoto, M.,
Minagi, S. (2003). Galvanic skin response of oral
cancer patients during speech. Journal of Oral
Rehabilitation, 30 (5), 522-525.
https://doi.org/10.1046/j.1365-2842.2003.01131.x

99

[18]

[19]

[20]

[21]

[22]

[23]

Belgin, E., Sahli, A.S. (eds.) (2015). Basic Audiology
(Temel Odyoloji). Giines Tip, ISBN 9789752776531.
(in Turkish)

Beyaz, A., Beyaz, R. (2015). Determination of galvanic
skin response sensor usage possibility for tractor safety
purposes. Suleyman Demirel University Journal of
Engineering Sciences and Design, ISSN 1308-6693,
121-125. (in Turkish)

Healey, J.A., Picard, R.W. (2005). Detecting stress
during real-world driving tasks using physiological
sensors. IEEE  Transactions on Intelligent
Transportation Systems, 6 (2), 156-166.
https://doi.org/10.1109/TITS.2005.848368

Hernandez, J., Paredes, P., Roseway, A., Czerwinski,
M. (2014). Under pressure: Sensing stress of computer
users. In Proceedings of the 32nd Annual ACM
Conference on Human Factors in Computing Systems
(CHI ’14). ACM Press, 51-60.
https://doi.org/10.1145/2556288.2557165

Alberdi, A., Aztiria, A., Basarab, A. (2016). Towards
an automatic early stress recognition system for office
environments based on multimodal measurements: A
review. Journal of Biomedical Informatics, 59, 49-75.
https://doi.org/10.1016/j.jbi.2015.11.007

Aladag, S., Giiven, A., Dolu, N., Ozbek, H. (2016).
Measuring electrodermal activity to determining
sympathetic activity in sportsman and feature extraction
with signal processing methods. In 2016 Medical
Technologies National Congress (TIPTEKNO). IEEE.
https://doi.org/10.1109/TIPTEKNO.2016.7863073

Received July 23, 2022
Accepted February 28, 2023


https://www.ijpsy.com/volumen15/num2/414.html
https://doi.org/10.2753/RPO1061-0405320285
https://doi.org/10.1097/00004770-200308000-00001
https://doi.org/10.4317%2Fjced.53419
https://doi.org/10.1046/j.1365-2842.2003.01131.x
https://doi.org/10.1109/TITS.2005.848368
https://doi.org/10.1145/2556288.2557165
https://doi.org/10.1016/j.jbi.2015.11.007
https://doi.org/10.1109/TIPTEKNO.2016.7863073

