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ABSTRACT

Stress, as a kind of emotion, is inevitable in everyday life. In psychosomatic medicine stress represents a
powerful link in the pathophysiological chain of disorder. Having evidence about the power of stress on
the body, the interest in medicine was how to measure it in appropriate, fast way and with minimal cost.
Electrodermal activity seems to be available for this purpose.

The galvanic skin response (GSR) is an objective, transient indication of autonomic nervous system arousal
in response to a stimulus. It refers to changes in sweat gland activity that are reflective of the intensity of
our emotional arousal.

In this article we discuss physiological specifics of skin conductance/resistance and how it is measured
in practice. The most used application of GSR is in biofeedback methodology. Biofeedback assessment
and training exactly uses skin reaction to different stimuli and aims to gain voluntary control over this
autonomic response. The aim of this article is to show effectiveness of this method in paediatric practice.
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INTRODUCTION

Every day we speak about stress: in family,
at work, in school setting, at university, during car
traveling, even in situations which are estimated as
happy and amazing (wedding, anniversary) etc. We
can agree that in the contemporary life’s style stress
is unavoidable event. The phenomenon of stress is
especially present in all medical disciplines, in stu-
dents, doctors, nurses, but especially in patients. In
this context, research on stress was our long-term
professional interest.

By definition, stress is a physical, chemical,
or emotional factor that causes bodily or mental ten-
sion and may be a factor in disease pathogenesis. In
psychosomatic medicine stress represents a power-
ful link in the pathophysiological chain of disorder.
However, stress is predominantly a kind of emotion.
The study of human emotions is important in med-
icine and represents a fascinating and cross-disci-
plinary field of research. In the past 20 years, the
interest on human emotions has been extended, from
the realm of psychology, to other disciplines such
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us neuroscience, product and experience design,
and computer science. Despite different theories of
emotions have been proposed over the years, there
seems to be the common understanding that emo-
tional states are characterized by physiological and
cognitive responses to clearly identifiable stimuli. As
such, whether we investigate emotions to understand
the human mind or to teach an automated system how
to be more “humane”, emotion investigation is, in
the great majority of cases, based on: (a) delivering
emotional stimulation and (b) measuring cognitive
and physiological reactions.

Having enough proofs about the power of
stress on the body, the interest in medicine was
how to measure it in appropriate, fast way and with
minimal cost. Electrodermal activity seems to be
available for this purpose.

In this article we describe what is currently
understood to underlie the electrodermal response
(EDR) to stress, and our own experience with EDR
application in paediatric practice.

The galvanic skin response (GSR) was one
of the earliest tools used in psychological research,
as a method of measuring the electrical resistance
of the skin. Experimentally, it was confirmed that in
response to a stressor, GSR nonspecific increases and
basal resistance decreases. GSR is sensitive to im-
mediate emotional arousal as well as to the changes
of general mood or to different stress stimuli.

Interest in the conductance between skin elec-
trodes arises because of the involvement of the sweat
glands in this measurement. Since sweat gland activ-
ity is controlled by sympathetic nerve activity, this
measurement has been considered as an ideal way
to monitor the activity of the autonomic nervous
system.

The main function of the skin is to protect
the body from the environmental influences. One
aspect of this is to prevent the loss of water by the
body. However, at the same time, the evaporation of
water is important for regulating body temperature.
The activity of sweet glands is regulated by auto-
nomic nervous system (sympathetic branch) and it
1s without conscious control. In this context, meas-
urement of the output of the sweat glands based on
EDR provides a simple gauge of the level and extent
of sympathetic activity. It is well established that
the electrodermal response is associated with sweat
gland activity.

There are two major measures of the elec-
trodermal response. The first, involving the meas-
urement of resistance or conductance between two

electrodes placed in the palmar region, was originally
suggested by Féré (1888) and pioneered by Tarch-
anoft (1889) and referred as exosomatic because the
current is measured from the outside. The second
type, which is less commonly used, is called endo-
somatic, since the source of voltage is internal.

The number of sweat glands varies across the
human body, but is the highest in hand and foot re-
gions (200-600 sweat glands per cm2), where the
GSR signal is typically collected from. The resist-
ance and conductance measurements are reciprocals.
Our measurement of sweet gland activity is toward
skin resistance and expressed in micro ohms (m£2).
However, the electronics associated with measure-
ment of EDR is fairly simple. For exosomatic con-
ditions either a constant current or a constant voltage
source is used. The placement of the electrodes is
shown on Figure 1. The applications of EDR lie in
the area of psychophysiology and relate to studies in
which a quantitative measure of sympathetic activity
is desired.
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Fig. 1. Electrodes sites on the palm for measurement of
skin resistance and skin potentials

The activity of the skin is named differently,
such as “Skin Conductance”, “Galvanic Skin Re-
sponse” (GSR) or “Electrodermal activity” (EDA).
Anyway, Skin Conductance is the currently the most
used term. It is based in the primitive ‘fight or flight’
response, whereby the body prepares itself for the
exertion needed to deal with a perceived threat by
increasing sweat activity to cool itself. At low levels,
this happens all the time, as the mind experiences
thoughts and emotion.

Today, many different modalities
for measuring skin conductance/resistance exist.
Most modern GSR electrodes have an Ag/AgCl (sil-
ver-chloride) contact point with the skin. Ag/AgCl
electrodes are used as they are cheap, robust, safe for
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human contact, and of course are able to accurately
transmit the signal from the ionic activity. Figure 2
shows the placement of electrodes in practice.

Fig 2. Placement of the electrodes in practice

Figure 3 shows the increasing pathway of re-
sistance (measured in mQ2), due to relaxation.

Fig. 3. Increase of skin resistance due to overcoming stress

In more details, Figure 4 shows phases in skin
conductance (in micro Siemens) obtained due to
some stimulus.
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Fig. 4. Phases in skin conductance response due to stim-
ulus (stress)

The skin conductance response is an objective,
transient indication of autonomic nervous system
arousal in response to a stimulus. It i1s a common
measure of emotional arousal in the laboratory. The
galvanic skin response refers to changes in the sweat
gland activity that are reflective of the intensity of
our emotional state, otherwise known as emotion-
al arousal. Our level of emotional arousal changes
in response to our environment i.e. if something 1s
scary, threatening, joyful, or otherwise emotionally
relevant, then the subsequent change in the emotional
response that we experience also increases eccrine
sweat gland activity. Research has shown how this
is linked to the emotional arousal. It was shown that
both positive (happy or joyful) and negative (threat-
ening or saddening) stimuli can result in an increase
in arousal — and in an increase in skin conductance.
The GSR signal is therefore not representative of the
type of emotion, but the intensity of it. While sweat
secretion plays a major role for thermoregulation and
sensory discrimination, changes in skin conductance
are also triggered robustly by emotional stimulation:
the higher the arousal, the higher the skin conduct-
ance (Venables P., 1980; Boucsein W., 1992).

The applications of EDR lie in the area of
psychophysiology and relate to studies in which a
quantitative measure of sympathetic activity is de-
sired. Fowles (1986) states:

”” The stimuli that elicit these [EDA] responses
are so ubiquitous that it has proved difficult to offer
a conceptualization of the features common to these
stimuli. There is no doubt, however, that the response
often occurs to stimuli that depend for their efficacy
on their physiological significance as opposed to
their physical intensity”.

It was confirmed in many studies that EDA
is a sensitive psychophysiological index of changes
in autonomic sympathetic arousal that are integrat-
ed with emotional and cognitive states (Fowles D,
1974; 1981; 1986). Until recently there was little
direct knowledge of brain mechanisms governing
generation and control of EDA in humans. However,
studies of patients with discrete brain lesions and,
more recently, functional imaging techniques have
clarified the contribution of brain regions implicated
in emotion, attention, and cognition to peripheral
EDA responses (Bechara A. et all. 1997; 1998; 2000;
2004; Damasio A, 1995). Moreover, such studies
enable an understanding of mechanisms by which
states of bodily arousal, indexed by EDA, influence
cognition and bias motivational behaviour.

One of the first examinations of a physiolog-
ical response trough skin reaction was during deci-
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sion making. Bechara and colleagues (1997) studied
patients with orbitofrontal cortex (OFC) damage,
especially in patients with ventromedial prefrontal
cortex (vmPFC) damage during they performed gam-
bling task. To explain the obtained results, Bechara,
Damasio and their colleagues proposed the widely
influential “Somatic Marker Hypothesis” (Damasio,
1996). This hypothesis suggests that the anticipatory
arousal response is a bodily signal of the value of
the choice and that this bodily signal serves to steer
participants away from “risky” choices. This impor-
tant study remains one of the first to link emotional
responses and brain systems to behavioural decision
patterns, and it has played a central role in both the
history of the study of decision making and the his-
tory of the study of emotion.

In a newest study of Moretto et. al (2010)
electrodermal activity was used to show that the
emotional physiological responses are associated
with activation of vmPFC and influence the moral
decision. The studies measuring skin conductance
thus indicate that an autonomic measure of arousal
correlates with different components of the deci-
sion task, and that different brain regions linked to
arousal (vmPFC, insula, amygdala) may mediate
this relationship.

Although emotional stress typically increases
sympathetic tone, there are some exceptions. Despite
marked anxiety, distress and functional impairment,
dissociation between the anxiety levels appears to
dysregulate sympathetic nerve activity in deperson-
alization disorder (DPD) (Owens A, 2017; Lee W,
2012; Sierra M, 2011; Michal M, 2013; Mooren
N, 2014; Davis S, 2010). Depersonalization disor-
der (DPD) is defined by derealization (surround-
ings feel unreal), emotional numbing, feelings of
disembodiment and memory recall deficits. DPD
is a defensive response engaged during perceived
overwhelming threat (Lee et al., 2012) and has a
lifetime prevalence of 74% for mild episodes and
1%-2% for chronic DPD (Sierra and David, 2011).
Peritraumatic dissociation shares some symptoms
with depersonalization—emotional numbing, dere-
alization, self-observation, and dysmorphia—and
occurs during extreme inescapable threat (Mooren
and Van Minnen, 2014).

The amygdala plays a crucial role in evaluat-
ing the emotional significance of stimuli and in trans-
forming the results of this evaluation into appropriate
autonomic responses. Lesion and stimulation studies
suggest involvement of the amygdala in the genera-
tion of the skin conductance response (SCR), which
is an indirect measure of autonomic activity that

has been associated with both emotion and attention
(Davis and Whalen 2001). Additionally, functional
imaging studies have shown a correlation between
BOLD (blood oxygen level dependent) signal in
the amygdala and SCR amplitude and occurrence
under conditions of emotional image presentation
(Hoffman et al. 2007; Liberzon et al. 2000; Wil-
liams et al. 2001). Yet, damage to the amygdala can
eliminate production of SCRs to a wide variety of
unconditioned, non-emotionally stimuli (Asahina
et al. 2003).

Still, the contribution of the amygdala to the
modulation of various types of EDA remains unclear.
It is possible that the amygdala is involved with EDA
production/generation regardless of the source of
arousal. Research showed that the amygdala is only
one of many structures involved with emotion, at-
tention, and autonomic regulation. The medial and
orbital prefrontal cortices, the anterior insula, the
anterior cingulate cortex, and periaqueductal grey
have overlapping roles in the evaluation of emotional
stimuli and in the initiation of autonomic responses,
including SCRs (Critchley 2002).

Although low EDA in depressed patients was
first described in 1890 (Vigouroux A.), interest in
this physiological variable as a marker of depressive
disorders occurred mainly between the late 1970s
and the 1990s. Electrodermal hypoactivity seems
to be a reliable feature of depression and a valid
marker of suicidal risk. It has been suggested that
differences in EDA may be specific to suicidality
rather than depression. Nevertheless, the potential
utility of EDA in diagnosis, prevention, and treat-
ment planning for depression and suicidal behavior,
should be thoroughly studied (Sarchiapone M, 2018).

GSR is familiar to many as the signal used
in “lie detectors,” since GSR amplitude reacts sen-
sitively to emotional provocation, salient thoughts,
and attentional demand. Correspondingly, this effect
exemplifies the direct coupling between sympathet-
ic sweat gland innervation, measured by GSR, and
brain states of affective and cognitive arousal.

Even EDA has a history in psychophysiologi-
cal (including emotional or cognitive stress) research
since 1879, it was not until recent years that research-
ers began using EDA for pathophysiological applica-
tions like the assessment of fatigue, pain, sleepiness,
exercise recovery, diagnosis of epilepsy, neuropathies,
depression, and so forth. The advent of new devices
and applications for EDA has increased the develop-
ment of novel signal processing techniques, creating
a growing pool of measures derived mathematically
from the EDA. For many years, simply computing the
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mean of EDA values over a period was used to as-
sess arousal. Much later, researchers found that EDA
contains information not only in the slow changes
(tonic component) that the mean value represents, but
also in the rapid or phasic changes of the signal. The
techniques that have ensued have intended to provide
a more sophisticated analysis of EDA, beyond the
traditional tonic/phasic decomposition of the signal.

Finally, biofeedback training (as a relatively
new methodology) exactly uses skin reaction to dif-
ferent stimuli and aims to gain voluntary control over
this autonomic response (Schwartz, 2008; Culbert T,
1996). Aim of this article is to show effectiveness of
this method in paediatric practice.

METHODOLOGY

We introduced biofeedback methodology in
practice at the Paediatric University Clinic in Skop-
je in 1996. The following technologies were used:
Relax plus-Ultramind, London; Inner Tunner Pro-
fessional- Ultramind, London; Biograph ProComp.
Thought Technology, LTD., Canada. The last one
contains several biofeedback modalities related to
changes in skin, muscle activities, peripheral tem-
perature, breathing as well as brain waves changes.

By definition, peripheral biofeedback training
focuses on learning self-regulation over autonomic
nervous system. The peripheral biofeedback we used
is based on measuring skin resistance, expressed in
Ohm’s. The placement of electrodes is on the hand
fingers and the obtained signal is transferred to the
PC where graphical representation of the obtained
results is available to both (doctor and patient).
For obtaining better interest and collaboration with
children, the changes of electrodermal activity are
transformed in different games which are enrolled
on the screen. The game goes in accordance with
the obtained resistance and stop if the client is un-
successful to relax.

For all biofeedback procedures the patients
were sitting in a comfortable chair, in a quiet room,
along with the doctor. The instruction was: be calm,
breathe deeply and try to think about pleasant situ-
ations or persons. After the assessment, 15 training
sessions are applied.

The samples trained with biofeedback are
different in a number of patients, and are random-
ly selected. The results are compared with healthy
control, matched by age. All results are statistically
calculated using Statistica-10 package.

RESULTS

The first evaluated group comprises patients
with chronic diseases: a) adolescents with cystic
fibrosis (N = 40, mean age = 17.5 years); b) ado-
lescents with bronchial asthma (N = 35, mean age
= 19.5 years); c) children with epilepsy (N = 45,
mean agel3.5 years) and d) children with diabetes
mellitus (N = 30, mean age = 12.5 years).

The results obtained with EDR biofeedback
for the group of cystic fibrosis are displayed on Fig-
ure 5. As we mentioned before, electro dermal re-
sistance is measured in pQ. Figure 5 shows the first
and last session group’s results.

last session

Fig. 5. EDR biofeedback in CF adolescents

Calculated Student t-test (first session M=23.9+4.41;
last session M=57.16+4.21; N=40) is highly significant
(t-test=-49.96 p=0.0000).

For the group of asthmatic adolescents, re-
sults obtained for EDR biofeedback is presented in
Figure 6.

last session

first session

Fig. 6. EDR biofeedback in adolescents with asthma
Calculated Student t-test (first session M=39.15£5; last
session M=65.67+3.23; N=35) is highly significant
(T-test=-48.57 p=0.0000).
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Applied EDR biofeedback for epileptic chil-
dren showed results presented in Figure 7.

last session

first session

Fig. 7. EDR biofeedback in epileptic children

Student t-test (first session M=35.73£3.45; last session
M=62.92+2.7; N=45) was also highly significant (t-test=
-67.55 p=0.0000)

For the group of diabetic children, results are
presented in Figure 8.

last session

firstsession

Fig. 8. EDR in diabetic children

Calculated Student t-test (first session M=33.92+4.26;
last session M=59.42+2.7; N=30) is highly significant
(t-test=-51.73 p=0.0000).

The second trained sample comprises 80 stu-
dents, aged 16-18 years, 94% girls, 6% boys; 81%
were Macedonian and 19% Albanian. The bio-
feedback training was performed for better school
achievement. Figure 9 shows changes in electroder-
mal resistance in the first and last training session.
In addition, we applied psychometric tests such as:
Trial Making Test Form A (TMT- A) and Form B
(TMT-B) and Short-Term Memory Span Tests i.e.
Verbal Span Assessment (WMS-R) Numbering -
forward and backward, for measuring changes in
cognitive performance.
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Fig. 9. Changes of electrodermal resistance

The results of the psychometric tests are not
statistically significant. In other words, even at ob-
taining relaxation this technique is not specific for
obtaining better cognitive achievement.

It is well known that eating disorders present
a serious problem and great challenge for treatment
in female adolescent population. We treated 76
obese girls (mean age 12.75 + 1.75 years), as well
as a group of 27 anorectic girls (mean age 14.25
+ 2.99 years). All patients were tested for anxiety
level with General Anxiety Scale (GASC) and the
obtained results are shown in Table 1. As expected,
anorectic patients showed higher anxiety level.

Table 1. Results for General Anxiety Scale

£
2 g
£ > | 2158
Anorectic | 32.8 [2.6 |35
Adipose 257 4.6 |35
Graphical comparison of the obtained

biofeedback results for both groups is presented in
Figure 10. It is obvious that in anorectic patients we
obtained better results.
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Fig. 10. EDR biofeedback in anorectic and adipose girls
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In Figurell we present the obtained results
with peripheral biofeedback in patients with
posttraumatic stress disorder (N=10, mean age 12.2
+ 2.56). It is very clear that that group presents
very good results obtaining significant raise in skin
resistance as learned stress control.

1]
59

56

Initial Final

Fig. 11. EDR biofeedback in PTSD

Finally, we presentsomeresults ofbiofeedback
assessment in a group of children exposed to lead.
It is known that lead is potential toxic metal leading
to hematological, nephrological and CNS lesions,
especially in very young children. The city of Veles,
has a geographical position, atmospheric specifics,
urban and industrial concentration and wrong
location of the Lead and Zinc Smelter, opposite
to the wind rose, which altogether predispose to
continuous air pollution with lead agents.

We evaluated a sample of 31 school children,
living near to the smelter, both sexes (22 boys,

9 girls), mean age 12.8 years. Our aim was to
evaluate intelligence, using Raven matrices and
Bender-gestalt test, as well as to apply multimodal
biofeedback assessment using Biograph/ProComp+
Thought technology, Canada and comparing them
with the blood lead level and academic achievement.

The obtained results were as follows:

Mean blood lead level are over normal (i.e.
>10 pg /dl); (M =16.51 £6.74 png/dl; min 8.1, max.
32.9 pg/dl.) For boys - 18.71 (£6.51); for girls -
11.12 (+3.67) pg/dl.

IQ = 104.35 (+10.15); Gestalt-Bender (bad
3/31; medium 19/31; excellent 9/31) and Academic
marks (a=16/31; b=9/31; ¢ =5/31,d=1/31).

There is statistical significance between the
differences of the mean values and the standard

deviations between groups based on academic
marks and blood lead level (t-test 2.72 p< 0.05).

The results obtained for electrodermal
conductivity (resistance) of all 31 children presented
as baseline and during Stroop test performance
are presented in Figure 12. The Stroop Color and
Word Test (SCWT) is a neuropsychological test
extensively used to assess the ability to inhibit
cognitive interference that occurs when the
processing of a specific stimulus feature impedes
the simultaneous processing of a second stimulus
attribute, well-known as the Stroop Effect.
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Fig. 12. Electrodermal conductivity (in micro Siemens) baseline and during Stroop test

It is clear that the performance of the Stroop
test provokes higher skin conductance due to the
higher stimulation of sympathetic system.

In general, we used peripheral biofeedback
method as a non-pharmacological, cheap and easy

to apply technique for many different groups of pae-
diatric patients. Table 2 summarises the majority
of the obtained results. As it can be concluded, all
groups of patients’ peripheral biofeedback showed
positive results.
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Table 2. Results obtained with EDR biofeedback

Disorder Number Mean age (years) t-test Significance
of patients
Somatoform problems '24!'3‘3 10.31 (£ 2.75) 10.05 p <0.01
Anxious/phobic reactions 30 10.12 (£3.44) 9.93 p <0.01
Encopresis 9 8.44 (=1.29) 9.39 p <0.01
Enuresis 26 10.07 (£3.27) 9.31 p <0.01
Ticks 27 10.81 (£3.69) 7.83 p <0.01
Stuttering 10 9.2 (£3.58) 6.79 p <0.01
Headache (tension type) 59 12.5 (%1.24) 6.19 p <0.01
ADHD 25 9.0 (x1.59) 5.07 p <0.01
Obsessive-compulsive 4 10.5 (£2.38) 4.76 p <0.05
R bulimia 103 305 @237 387 p <001
Nightmares 8 8.0(£1.85) 0.87 p <0.01

DISCUSSION

Electrodermal response (EDR) is a complex
reaction with a number of control centres in the
CNS. Three systems related to arousal, emotion
and locomotion are responsible for the control of
the electrodermal activity (Boucsein 1992). The
reticular formation controls EDR related to states
of arousal, the limbic structures (hypothalamus,
cingulated gyres and hippocampus) are involved
in the EDR activity related to the emotional re-
sponses and thermoregulation, while the motor
cortex and parts of the basal ganglia are involved
in locomotion. In particular, skin potential and
skin conductance used as parameters in EDR bio-
feedback are related to both sympathetic and para-
sympathetic arousal (Mangina & Beuzeron-Man-
gina, 1996).

Treatment by EDR biofeedback is generally
based on training patients in strategies for lower-
ing arousal and maintaining a healthful Sympa-
thetic/Parasympathetic tone. Consequently, EDR
biofeedback modality is the first choice for intro-
vert persons, where high inner arousal is a typical
finding and biofeedback training is supposed to
lower sympathetic arousal. Changes in electroder-
mal activity can be reliably detected within one
second of stimulus presentation, often following
a single event. It is important to know that elec-
trodermal conductance precede any other signals
related to neuroimaging such Positron Emission
Tomography (PET), Blood oxygen level-depen-
dent functional magnetic resonance (BOLD),

Single photon emission computed tomography
(SPECT) etc. which are used in practice. In other
words, the changes of the electrodermal activity
can be registered before the changes obtained by
the other neuroimaging techniques.

The biopsychosocial framework, that recog-
nizes the importance of the mind-body interrela-
tionship for the developing human being became
relevant for the contemporary paediatric health-
care. Simultaneously, biofeedback has arisen as
a modern computer-related operant conditioning
technique used for assessment and therapy of
many psychophysiological disorders, especially
the stress-related ones. Its objective is to increase
the voluntary control over the physiological pro-
cesses that are otherwise outside awareness, us-
ing the information about them in the form of an
external signal.

Various biofeedback approaches are increas-
ingly used worldwide as non-pharmacological
and cost-benefit effective research and therapeutic
tools. A significant increase in research has docu-
mented the efficiency of biofeedback for children
and adolescents that manifest behavioural, emo-
tional and cognitive. Unfortunately, biofeedback
methods are not yet well known in paediatric
settings.

We published our results obtained with
biofeedback methodology for different group of
disorders: eating disorders; somatoform disorder
and ADHD; especially we have very positive ex-
perience with neurofeedback in mental disorders
(ADHD, OCD, depression, anxiety etc.) (see ref.
35-48). Obtained results corresponded with results
presented by other researchers in this field.
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CONCLUSION

In psychosomatic medicine stress represents
apowerful link in the pathophysiological chain of
disorder. Having enough proofs about the power
of stress on the body, the interest in medicine was
how to measure it in appropriate, fast way and
with minimal cost. Electrodermal activity seems
to be available for this purpose.

Biofeedback has arisen as a modern com-
puter-related operant conditioning technique used
for assessment and therapy of many psychophys-
iological disorders, especially the stress-related
ones. Its objective is to increase the voluntary
control over the physiological processes that are
otherwise outside awareness, using the informa-
tion about them in the form of an external signal.
The peripheral biofeedback, based on electroder-
mal activity, is very helpful tool for stress-related
disorders in children.

We propose this methodology as adjuvant
practically for all pediatric disorders especially
stress related ones. It is non-pharmacological,
non-invasive, cost-beneficial and interesting
methodology for children. The only need is good
motivation and support for family members.

REFERENCES

1. Féré C (1888): Note sur les modifications de la
résistance électrique sous I’influence des exci-
tations sensorielles et des émotions. C. R. Soc.
Biol. (Paris) 5: 217-9.

2. Tarchanoft J (1889): Décharges électriques dans
la peau de I’homme sous I’influence de 1’exci-
tation des organes des sens et de différentes
formes d’activité psychique. C. R. Soc. Biol.
(Paris) 41: 447-51.

3. Venables PH, Christie MJ (1980): Electrodermal
activity. In Techniques in Psychophysiology, ed.
I Martin, PH Venables, pp. 2-67, John Wiley,
New York.

4. Boucsein W. (1992): Electrodermal activity (sec-
ond edition); Springer.

5. Fowles DC (1974): Mechanisms of electroder-
mal activity. In Methods in Physiological Psy-
chology. Bioelectric Recording Techniques, C
ed. Vol. 1, ed. RF Thompson, MM Patterson, pp.
231-71, Academic Press, New York.

6. Fowles DC, Christie MJ, Edelberg R, Grings
WW, Lykken DT, Venables PH (1981): Com-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

mittee report: Publication recommendations for
electrodermal measurements. Psychophysiol. 18:
232-9.

Fowles DC (1986): The eccrine system and
electrodermal activity. In Psychophysiology, ed.
MGH Coles, E Donchin, SW Porges, pp. 51-96,
Guilford Press, New York.

Bechara A , Damasio H, Tranel D, Damasio
AR. (1997): Deciding Advantageously Before
Knowing the Advantageous Strategy. Science;
275(5304): 1293-5.

Bechara A, Damasio H, Tranel D and Anderson
SW. (1998): Dissociation of Working Memory
from Decision Making within the Human Pre-
frontal Cortex. Journal of Neuroscience; 18 (1)
428-437.

Bechara A, H Damasio, AR Damasio. (2000):
Emotion, decision making and the orbitofrontal
cortex. Cerebral cortex 10 (3), 295-307

Bechara A. (2004): The role of emotion in de-
cision-making: evidence from neurological pa-
tients with orbitofrontal damage. Brain and cog-
nition 55 (1), 3040

Bechara A, H Damasio, D Tranel, AR Damasio.
(2005): The lowa Gambling Task and the somatic
marker hypothesis: some questions and answers.
Trends in cognitive sciences 9 (4), 159-162.
Damasio AR. (1995): Toward a Neurobiology of
Emotion and Feeling: Operational Concepts and
Hypotheses The Neuroscientist. 1: 19-25.
Damasio AR. (1996): The somatic marker hy-
pothesis and the possible functions of the pre-
frontal cortex. Philosophical Transactions of the
Royal Society of London. Series B.

Moretto G, Ladavas E, Mattioli F, di Pellegrino
G. (2010): A Psychophysiological Investigation
of Moral Judgment After Ventromedial Prefron-
tal Damage. J Cogn Neurosci ; 22(8): 1888-99.
Owens, A.P.,, Low, D.A., lodice, V., Mathi-
as, C.J., Critchley, H.D. (2017): Emotion and
the Autonomic Nervous System — A Two-Way
Street: Insights from Affective, Autonomic and
Dissociative Disorders. In Reference Module
in Neuroscience and Biobehavioral Psychology,
Elsevier, 2017. ISBN 9780128093245 ISBN:
9780128093245

Lee WE, Kwok C, Hunter E, Richards M, David
A (2012): Prevalence and Childhood Anteced-
ents of Depersonalization Syndrome in a UK
Birth Cohort. Socoal Psychiatry Psychiatr Epide-
miol; 47(2): 253-61.

Sierra M , David A. (2011): Depersonalization:
A Selective Impairment of Self-Awareness. Con-
scious Cogn; 20(1): 99-108.

Michal M, Koechel A, Canterino M, Adler J,
Reiner I, Vossel G, et al. (2013): Depersonaliza-
tion Disorder: Disconnection of Cognitive Eval-


https://pubmed.ncbi.nlm.nih.gov/?term=Bechara+A&cauthor_id=9036851
https://pubmed.ncbi.nlm.nih.gov/?term=Damasio+H&cauthor_id=9036851
https://pubmed.ncbi.nlm.nih.gov/?term=Tranel+D&cauthor_id=9036851
https://pubmed.ncbi.nlm.nih.gov/?term=Damasio+AR&cauthor_id=9036851
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://pubmed.ncbi.nlm.nih.gov/?term=Moretto+G&cauthor_id=19925181
https://pubmed.ncbi.nlm.nih.gov/?term=L%C3%A0davas+E&cauthor_id=19925181
https://pubmed.ncbi.nlm.nih.gov/?term=Mattioli+F&cauthor_id=19925181
https://pubmed.ncbi.nlm.nih.gov/?term=di+Pellegrino+G&cauthor_id=19925181
https://pubmed.ncbi.nlm.nih.gov/?term=Lee+WE&cauthor_id=21181112
https://pubmed.ncbi.nlm.nih.gov/?term=Kwok+CH&cauthor_id=21181112
https://pubmed.ncbi.nlm.nih.gov/?term=Hunter+EC&cauthor_id=21181112
https://pubmed.ncbi.nlm.nih.gov/?term=Richards+M&cauthor_id=21181112
https://pubmed.ncbi.nlm.nih.gov/?term=David+AS&cauthor_id=21181112
https://pubmed.ncbi.nlm.nih.gov/?term=Sierra+M&cauthor_id=21087873
https://pubmed.ncbi.nlm.nih.gov/?term=David+AS&cauthor_id=21087873

14

Nada Pop-Jordanova and Jordan Pop-Jordanov

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

uation from Autonomic Responses to Emotional
Stimuli. PLoS ONE 8(9): ¢74331.

Mooren, N., & van Minnen, A. (2014): Feeling
psychologically restrained: The effect of social
exclusion on tonic immobility. European Journal
of Psychotraumatology, 5, Article 22928. https://
doi.org/10.3402/ejpt.v5.22928.

Davis SJ, Esler M, Nutt DJ. (2010): Anxi-
ety-bridging the heart/mind divide. J Psycho-
pharmacol, 24: 633—638.

Davis M, Whalen PJ. (2001): The amygdala: vig-
ilance and emotion. Mol Psychiatry 6: 13-34.
Hoffman KL, Gothard KM, Schmid MC, Logo-
thetis NK. (2007): Facial-expression and gaze-se-
lective responses in the monkey amygdala. Curr
Biol 17: 766-772.

Liberzon I, Shin L (2000): The Neurocircuitry of
Fear, Stress, and Anxiety Disorders. Neuropsy-
chopharmacology 35(1): 169-91.

Williams LM, Phillips ML, Brammer MJ, Sker-
rett D, Lagopoulos J, Rennie C, Bahramali H, Ol-
ivieri G, David AS, Peduto A, Gordon E. (2001):
Arousal dissociates amygdala and hippocam-
pal fear responses: evidence from simultaneous
fMRI and skin conductance recording. Neurom-
age 14: 1070-1079.

Asahina M, Suzuki A, Mori M, Kanesaka T, Hat-
tori T. (2003): Emotional sweating response in
a patient with bilateral amygdala damage. Int J
Psychophysiol 47: 87-93.

Critchley HD. (2002): Electrodermal responses:
what happens in the brain. Neuroscientist.; 8(2):
132-42.

Vigouroux A. (1890) Etude sur la résistance élec-
trique chez les mélancoliques. Paris: Méd.
Sarchiapone M, Gramaglia C, lIosue M, et al.
(2018): The association between electrodermal
activity (EDA), depression and suicidal be-
haviour: A systematic review and narrative syn-
thesis. BMC Psychiatry; 18(1): 22. Published
2018 Jan 25. doi:10.1186/s12888-017-1551-4.
Schwartz MS, Andrasik F. (2008): Biofeedback.
A Practioner Guide (3th edition), NY, Guilford
Press.

Culbert, T. P., Kajander, R. L., & Reaney, J. B.
(1996): Biofeedback with children and adoles-
cents: Clinical observations and patient perspec-
tives. Developmental and Behavioral Pediatrics,
17: 342-350.

Stroop, J. R. (1935). Studies of interference in
serial verbal reactions. J. Exp. Psychol. 18: 643—
662. doi: 10.1037/h0054651

Boucsein, W (2012) Electrodermal activity (2nd
Ed). New York: Springer.

Mangina CA, Beuzeron-Mangina JH. (1996):
Direct electrical stimulation of specific human
brain structures and bilateral electrodermal ac-
tivity. Int J Psychophysiol 22: 1-8°.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Pop-Jordanova N. Stress and galvanic skin re-
sponse, 30opuuk Ha anctpaktu: [IpB Konrpec
Ha HEBPOXHMPYP3UTE U HEBPOTPAyMaTOIO3UTE HA
Maxenonuja, Oxpun, 26-30 Asrycrt 1998, MH3,
1998 / Book of abstracts: First Congress of Neu-
rological surgeons of Republic of Macedonia,
Ohrid, 26-30 august 1998, MNS, 1998: 46.
Pop-Jordanova N. (1998): Psychological stress
in adolescent patients and biofeedback aided
coping, Abstracts’ book: Youth dignity: coping
with rights and duties, Milan, 11-13 June, 1998,
Universita Ambrosiana, Milano: 12
Pop-Jordanova N., Zorcec T. (1999): EDR bio-
feedback in the pediatric patients, European
Child & Adolescent Psychiatry, 1999; 8, Suppl.
2 ([Abstract: 11th International Congress ES-
CAP, September 15th-19th, 1999, Hamburg,
Steinkopft Verlag, D.

Pop-Jordanova N., Pop-Jordanov J. (2000):
Psychosomatic disorders and electrodermal
biofeedback, Abstracts: International Jubilee
[50th World Psychiatric Organization] Congress
“From Clinical Practice to Research: Rethinking
Psychiatry”, Paris, France, June 26-30, 2000,
[Fédération Francaise de Psychiatrie, Paris],
2000: 82 armstadt, 1999]): 290 (1198)
[Mon-Jopmanosa H. (2001): EEI" - 6uoduadex u
enunencuja, Emnnencuja; 4 (11-12): 12—-13.
Zorcec T., Pop-Jordanova N. (1998): Biofeed-
back techniques in the treatment of children with
psychosomatic complains, EARA: The 6th Bi-
ennial Conference of the European Association
for Research on Adolescence, June 3 to 7 June,
1998; Budapest, Hungary, EARA: 37
Pop-Jordanova N, Gucev Z. (2010): Game-based
Peripheral Biofeedback for Stress Assessment in
Children. Pediatr Int; 52(3): 428-31.
Pop-Jordanova N. (2009): Biofeedback applica-
tion for somatoform disorders and attention defi-
cit hyperactivity disorder (ADHD) in children,
International Journal of Medicine and Medical
Sciences; 1 (2): 17-22.

Pop-Jordanova N., Demerdzieva A. (2010): Bio-
feedback Training for Peak Performance in Sport
- Case Report, Macedonian Journal of Medical
Sciences; 3 (2): 113-118.

Pop-Jordanova N., Markovska-Simoska S.
(2013): Biofeedback as a helpful tool for chil-
dren with disabilities, Conference proceedings:
Fourth international conference “Modern aspects
of special education and rehabilitation of per-
sons with disabilities”, Ohrid, October 17th-19th
2013, [ypen. H. UnueBcka JoBaHoBa... u np.],
WuctutyT 32 nedexronoruja, Cromje / Institut
for special education and rehabilitation, Skopje,
2014: 43-55 [+1-5 (29 sld.)]

Zorcec T., Demerdzieva A., Pop-Jordanova N.,
(2011): QEEG, Brain Rate, Executive Functions


https://psycnet.apa.org/doi/10.3402/ejpt.v5.22928
https://psycnet.apa.org/doi/10.3402/ejpt.v5.22928
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2695635/#r18
https://www.researchgate.net/journal/1740-634X_Neuropsychopharmacology_official_publication_of_the_American_College_of_Neuropsychopharmacology
https://www.researchgate.net/journal/1740-634X_Neuropsychopharmacology_official_publication_of_the_American_College_of_Neuropsychopharmacology
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2695635/#r25
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2695635/#r25
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2695635/#r25
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2695635/#r25
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2695635/#r25
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2695635/#r25
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2695635/#r25
https://www.ncbi.nlm.nih.gov/pubmed/?term=Critchley HD%5BAuthor%5D&cauthor=true&cauthor_uid=11954558
https://www.ncbi.nlm.nih.gov/pubmed/11954558
https://pubmed.ncbi.nlm.nih.gov/?term=Pop-Jordanova+N&cauthor_id=19863753
https://pubmed.ncbi.nlm.nih.gov/?term=Gucev+Z&cauthor_id=19863753

ELECTRODERMAL ACTIVITY AND STRESS ASSESSMENT 15

46.

and Neurofeedback Training in Patients with  47. Pop-Jordanova N. (2005): Biofeedback modali-

Traumatic Brain Injury, Acta Informatica Med- ties for children and adolescents, New Research
ica; 19 (1): 22-26. on Biofeedback, ed. H. L. Puckhaber, Nova Bio-
Pop-Jordanova N., Zorcec T., Demerdzieva A. medical Books, New York, Chapter [V: 117-131.
(1997): Psychological characteristics and bio- 48. Pop-Jordanova N. (2009): Heart Rate Variabil-
feedback resilience in adolescents with eating ity in the assessment and biofeedback training
disorders, Abstracts: The adolescent with addict- of common mental health problems in children.
ing/depending behavior: risk and resilience, Lau- MED.ARH; 63 (5): 248-252.

sanne, 26 & 27 september 1997, [IAAH]: H4.

Pesume
EJEKTPOAJEPMAJIHA AKTUBHOCT U ITPOOEHA HA CTPECOT
Hapna Ilon-Jopaanosa u Jopaaun Ilon-Jopaanos

MakenoHCKa akazeMuja Ha HaykuTe u ymetHoctute, Cxonje, PC Makenonujaa

CrpecoT npeTcTaByBa BUJ €MOIIHja IITO € HEM30EeKHA BO CEKOjAHEBHUOT KUBOT. Bo mcuxoco-
MaTcKaTa MeIMLUHA CTPECOT MIPETCTaByBa MOKHA ajKa BO MaTO(PHU3NOIOIIKHIOT JIaHell Ha O0JIeCTHUTe.
Mmajkn nokasu 3a CUIMHATa Ha CTPECOT BP3 TEJIOTO, UHTEPECOT BO MEJUIIMHATA OUII KaKo TOj Ja ce
MEpH Ha COOABETEH, Op3 U €BTHH HauMH. EJNIeKTpoIepMaIHUOT OATOBOP CE YNHU JIeKa € COOABETEH 3a
BaKBUTE LICJIH.

lanBanckuot koxeH oarosop (GSR) mpeTcraByBa 00jeKTHBHA MEHIMBA MHAMKAIMja 3a BO30Yy-
JEHOCTa HAa aBTOHOMHHUOT HEPBEH CHCTEM, KaKO OJrOBOp Ha CTHMYIyc. Toj oaroBapa Ha MPOMEHHUTE
BO aKTUBHOCTA HA MOTHUTE XKJIE3/H, KOU pearupaar Ha HHTEH3UTETOT Ha eMOLMOHAIHATa BO30ya.

Bo 0Boj Hanuc guckyTHpame 3a GU3HOIOUIKUTE Clielu (UK Ha KOYKHATa CIPOBOIJIMBOCT/OTIIOP
M KaKo THE ce Mepar Bo npakTtukara. Hajuectara kopucrteHa arnkanuja Ha GSR e Bo bnodundex-me-
tTononorujara. buodundex-npoueHara U TPEHUHIOT ja KOPUCTAT TOKMY KOKHATa peakiiyja Ha pa3Hu
CTUMYJIYCH 32 Jla C€ IOCTUT'HE CBECHA KOHTPOJIa Ha aBTOHOMHHOT HepBeH cucteM. Llesnta Ha HANMCOT
€ Ja ce nmokaxke e()eKTUBHOCTA Ha OBOj METO[] BO MeIUjaTpUCcKaTa IPaKTHKa.

Kuy4ynu 360poBH: eleKTpoiepMaiHa aKTUBHOCT, CTpec, Onopuadek, neaujarpuja





