We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

4,800 122,000 135M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



Chapter

Electrodermal Activity:
Simultaneous Recordings

Haval Y. Yacoob Aldosky and Dindar S. Bari

Abstract

Electrodermal activity (EDA) is a sensitive measure of the sympathetic nervous
system activity. It is used to describe changes in the skin electrical properties. This
chapter aimed to show advantages of simultaneous recordings of EDA parameters
at the same skin site over other recordings. The literature databases, Web of
Science and Google Scholar, were searched using terms like “electrodermal activ-
ity,” “sequential recording,” “simultaneous recording,” “skin conductance,” “skin
potential,” and “skin susceptance.” Articles that include sequential and/or simulta-
neous recording of EDA parameters were analyzed. The chapter presents a descrip-
tion of the oldest and current methods used for recording EDA parameters and an
explanation of the newest techniques used in EDA researches. Although sequential
recordings are predominant and widely spreading, much effort has been made to
simultaneously record skin conductance (SC) and skin potential (SP), and recently
researchers realized the capability of simultaneously recording SC, SP, and skin
susceptance (SS) at the same skin site. The advantage of simultaneous over the
sequence measurements is that the latter must be manually time realigned when
measured by different instruments, which means it is time-consuming. Although
the simultaneous measurements are used exclusively for research purposes at this
stage, this may open horizons in the modern trends of psychophysiology applica-
tions in the near future.

Keywords: electrodermal activity (EDA), simultaneous SC and SP, skin conductance,
skin potential, skin susceptance, EDA parameters

1. Introduction

Numerous studies had been done by researchers to analyze the basic of EDA
responses as indicators via employing various methods and techniques of measure-
ment since long time ago. However, results and hypotheses of several such studies
were rather conflicting. These investigations were apparently lost of sight by later
investigators, and many of the same errors and conflicting results have appeared
in later studies. The purpose of this review was to advance the understanding of
simultaneous recordings of EDA parameters at the same skin site and show its
advantages over sequential or alternate recordings.

1.1 Skin

To reach our goal in this chapter, a brief introduction about the skin, which is
one of the most complex organs of the human body, should be depicted.
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The human skin is a complex and a large organ (in terms of both weight and
surface area) that covers the body and forms a remarkable protective barrier against
the external environment [1, 2]. It is facilitating to regulate the core body tempera-
ture and water balance via bloodstream to the exterior of the body [3].

EDA responses are frequently used as the peripheral indicators of sympathetic
activation. The EDA measurement by psychophysiologists is basically concerned
with sweat gland activity that is psychologically induced. Different internal and
external stimuli cause mental stress; as a result, sweat glands produce various
amounts of sweat that are propelled up to the sweat ducts and hence result in dif-
ferent EDA responses. Numerous models have been proposed to explain how these
peripheral mechanisms are associated to the electrical activity of the skin and to
the transient increases in EDA parameters evoked by external stimuli. According to
Edelberg [4] one can account for the several EDA phenomena, including alteration
in tonic skin conductance level (SCL) and phasic skin conductance response (SCR)
amplitude, with a model based completely on the sweat glands [4]. As noted by
Edelberg [5], one should not be surprise that an organ with such vital and dynamic
functions continuously receives signals from control centers in the brain, and the
author suggested that “we can listen in on such signals by taking advantage of the
fact that their arrival at the skin is heralded by measurable electrical changes that
we call electrodermal activity” (p. 368).

In order to clearly understand how EDA is linked to the sweat glands, it is useful
to imagine the sweat ducts as a set of variable resistors with parallel connection.
Sweat columns will rise in the ducts with different amounts and different sweat
gland numbers, depending on the level of the sympathetic nervous system activa-
tion. As the ducts are filled through sweating, there is a more conductive path
through the relatively resistant stratum corneum layer. As the sweat level further
rises, the resistance in that variable resistor is further lowered. Changes in the sweat
level in the ducts alter the values of the variable resistors and thus yield observable
changes in EDA [3].

1.2 Electrical bioimpedance

Electrical bioimpedance is a measure of how well the biological tissues such as
the skin impede alternating current flow at different frequencies. Electrical imped-
ance has two components: the resistive and the reactive parts. Mathematically,
the electrical impedance (Z) is expressed as a complex number by the sum of the
resistance (R) and the reactance (X):

7 =R +jX (1)

Electrical impedance is the ratio between the voltage and current. When a
known current is applied to a material, the impedance is found by measuring the
voltage between the electrodes and dividing it by the current. However, in many
cases, applying a known voltage to the material and measuring the resulting current
between the electrodes are more practical. The measured current then becomes
inversely proportional to the impedance. This quantity is called electrical admit-
tance (Y), which allow current to flow. It is also expressed as a complex number
with two components: conductance (G) and susceptance (B):

Y=1/Z=G +jB )

Both the X and B are dependent on the frequency (F) of the applied current
through the material and only can be measured by alternating the direction of the
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current. B is proportional to this frequency, and the electrical capacitance (C) of the
material can be calculated from Eq. (3).

B = 2I1 FC (3)
1.3 Electrical impedance spectroscopy

Electrical impedance spectroscopy (EIS) is applying a sinusoidal voltage or
current to the sample under test to calculate impedance parameters within a wide
range of frequencies, where frequency-dependent electrical properties of biological
tissues can be detected. Therefore, EIS has been proven as an effective technique for
noninvasive tissue characterization in medical, biomedical, and biological applica-
tions [6]. The real part of the impedance is associated with resistive pathways across
the tissues, which is typically large at low frequencies but decreases with increasing
frequency, whereas the imaginary part of the impedance is associated with capaci-
tive pathways, which decreased (not noticeable) at high frequencies [7].

1.4 Electrodermal activity (EDA)

EDA is the preferred term for changes in electrical properties of the skin. Itisa
set of physiological parameters of sympathetic nervous system activity, and it has
been used for physiological measurements due to a strong link with the autonomous
activity [8]. However, the EDA phenomenon and its appearance are not sufficiently
clarified yet [9, 10]. EDA is measured from the eccrine glands, which cover most of
the body. In addition, they are concentrated in the palmar and plantar dermatomes,
and, therefore, these are known to be the best sites for measuring EDA [11, 12].
Mainly, there are two categories of electrodermal recordings, namely, endosomatic
and exosomatic measurements. In endosomatic measurements, only potential dif-
ferences originating in the skin itself are recorded without using any external source
of current. In exosomatic measurements, externally very small amount of current
[either alternating current (AC) or direct current (DC)] is applied to the skin. This
is frequently used to measure SC, and in some recently published studies, it is also
used to measure skin susceptance. EDA signals are a manifestation of the eccrine
sweat gland activity that is innervated by the autonomic nervous system, primary
by the sudomotor nerves [13]. When the sudomotor nerves stimulate the sweat
production, indeed the SC changes as a result of sweat secretion and alterations in
ionic permeability of sweat gland membranes [5, 11, 14].

EDA is composed of two basic components (Figure 1): tonic (level) and phasic
(response), each with various time scales and relationships with the stimuli. Tonic
EDA is represented by SCL which represents the slow-changing baseline level of
the SC and skin potential level (SPL) which represents the slow-varying baseline
level of the SP. Alterations in the SCL are thought to reflect slow changes in the
autonomic nervous system dynamics. Phasic EDA is specified by a fast varying
component, known as the SCR and skin potential response (SPR). Both EDA
phenomena, tonic (SCL and SPL) and phasic (SCR and SPR), are generated under
autonomous nerve control of the active organs of the skin [15], which is reflecting
the elicited response of the eccrine sweat glands to external stimuli [11, 14]. Some
recent evidences suggest that these two components depend on various neural
mechanisms [16] and, consequently, both carry relevant and non-redundant
information about the autonomic nervous system dynamic activity [14]. EDA is
employed in a broad range of experimental setups since it is a relatively straight-
forward measurement providing valuable information on the autonomic nervous
system response to a wide range of externally applied stimuli. Particularly, SC
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Figure 1.
Basic components of EDA.

analysis is commonly used to quantify the levels of arousal related with cognitive
and emotional processes [3, 14, 17, 18].

In spite of sweating being basically a means of thermoregulation, sweat glands
located on the plantar and palmar surfaces perhaps evolved to increase grip and
enhance sensitivity, possibly more responsive to psychologically stimuli than to
thermal stimuli [3, 5, 11, 14]. This relationship between EDA, psychological stimuli,
and autonomic nervous system makes this physiological signal broadly popular in
neuroscience research studies, including quantification of arousal levels during
cognitive and emotional processes, information processing, and clinical research
examining predictors and correlates of normal and pathological behavior [3, 17-19],
such as psychopathology, personality disorders, and neuropsychology [14].

2. Historical background of EDA

The study of the electrical changes and properties of the human skin began
over 100 years ago [3]. Since then, various terms have been utilized to describe this
phenomenon including psychogalvanic skin response, skin resistance response, skin
conductance response, skin potential response, and EDA. Historically, the most
widely used term to label this phenomenon was the galvanic skin response (GSR).
However, in 1966, EDA was first introduced by Johnson and Lubin as a common
term for all electrical phenomena in the skin, including all passive and active
electrical properties which can be traced back to the skin and its appendages [11].

Neumann and Blanton [20] thoroughly reviewed the history of EDA research,
which dates back to experiments performed in 1849 by du Bois-Reymond in
Germany. In his experiments, du Bois-Reymond used a zinc sulfate solution to
put either hands or feet in it and consequently observed that an electrical current
going from the limb at rest to the other one was contracted voluntarily. However, du
Bois-Reymond considered that the observed phenomenon was due to muscle action
potentials [11].

Hermann and Luchsinger from Switzerland in 1878 were the first to experimen-
tally show a connection between sweat gland activity and flow of current in the
skin. They observed that an electrical stimulation of the sciatic nerve in the cura-
rized cat caused sweat secretion and an electric current in the footpad on the same
side of body [11]. Three years later, the voluntary movement experiment that was
performed by du Bois-Reymond more than 30 years ago was repeated by Hermann.
It was found that palms and fingers showed greater skin current than other sites of
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the body such as the wrist and elbow areas due to the greater concentration of sweat
glands and therefore stronger sweating in that regions [20]. In 1879 Vigouroux was
the first who observed that psychological factors are related to EDA. He measured
changes in skin resistance (SR) that changed in parallel with the amount of anes-
thesia in hysterical patients. In addition, he presumed that both phenomena were
dependent upon central processes, but he did not believe that the swift changes in
SR observed by himself could be resulted by local processes in the skin itself [11].

The pioneering studies of electrodermal phenomena, however, have been done
by Fere (1888) and Tarchanoff (1889) [3, 11]. Fere by employing an external direct
current observed reduction in SR following emotional stimulation in hysterical
patients [11]. Tarchanoff could measure changes in skin electrical potential between
two electrodes connected to the skin surface without the aid of any external
electromotive force. He supposed that the EDA phenomena observed by him were
due to sweat gland activity, which is dependent on the secretory nerve action. He
observed that, even at rest, the current flow from regions of high concentration in
sweat glands to those poor in them. In contrast, Fere assumed that decrease in SR
following stimulation was due to a decrease in blood flow of the skin, i.e., resulted
from partial displacement of the blood peripheral resistance by the lower interstitial
fluidity resistance [3, 11].

In 1928 and 1929, a decisive contribution to the investigation of the origins
of endosomatic EDA was made by Gildemeister and Rein. They for the first time
restricted the locus of SP origin to only one of the two recording sites by injuring
the skin under the other electrode, where no SP of its own could develop [11]. In
1930 the sweat glands were identified as the seat of the “psychogalvanic phenom-
ena” by McClendon and Hemingway. In the same year (1930), a palmar galvanic
test was used for indicating sweat secretion by Wang and Lu. Later EDA measure-
ments became a common mechanism within the field of psychophysiology [19, 21].

SC units were strongly supported by Darrow [22] as well as Lykken and
Venables [23] as being sufficient with respect to physiological models of the
peripheral mechanisms of EDA. An electrical model of the skin was proposed by
Edelberg [24] after having performed EDA research for more than 10 years, which
takes into account the existence of polarization capacitances [11]. Using this back-
ground, psychophysiological aspects of several EDA components in details were
first established by Edelberg [5] including parameters which were subsequently
focused on [11].

Nowadays EDA measurement is regarded as “one of the most widely used
response systems in the history of psychophysiology” [3] (p. 159). In addition, over
the last decades, the areas for application of EDA have been steadily widened such
as in the field of engineering psychophysiology as well as in neurology [11]. As EDA
is a generic reference that subsumes all methods of measuring the electrical activity
of the skin, it is the preferred term to label this phenomenon [25].

3. EDA recording systems
3.1 Sequentially recording SC and SP

Some authors tried to measure EDA parameters at the same skin site, but such
parameters were sequentially recorded.

Venables and Sayer [26] had determined the relationship between the SC and SP,
by means of two measuring systems. The idea was to record both EDA parameters
at the same skin (palm and inner surface of the left arm), but not simultaneously.
They stated that due to the disturbance in the measurement of SP created by the
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presence of the impressed voltage used to measure SC, the two measures were not
taken simultaneously. It was found that the two measures are related, although not
so highly as to make them equivalent [26].

The role of sweat gland activity in the mediation of SC and SP levels was
investigated by Venables and Martin [27]. Both SP and SC were recorded at the
same skin site (tips of the fore, middle, and ring fingers of each hand), but not
simultaneously [27].

Turpin and Siddle [28] presented effects of series of auditory stimuli on the
sequential SCR and SPR recordings. Bipolar recording of SC was accomplished by
attaching electrodes on the medial phalanx of the index and second fingers of the
non-preferred hand of the subject. Unipolar recording of SP was made by placing
electrodes on the medial phalanx of the third finger of non-preferred as the active
site, while the reference site was a point two thirds of the distance from the wrist to
the elbow on the volar surface of the forearm [28].

3.2 Alternately (simultaneous recording at different skin sites) recording SC and
Sp

Articles presented here are associated with authors, who tried to measure EDA
parameters simultaneously, but not at the same skin site, i.e., EDA parameters were
recorded alternately.

Wilcott [29] had recorded SR (SC) and SP simultaneously contralateral from
the left and right-palm-upper-arm locations to study the correlation between both
these EDA parameters. He obtained significant correlations between the SC and the
SP amplitudes. Regarding the possibility of recording EDA parameters at the same
skin site, Wilcott claimed that simultaneous measurement of EDA parameters is
impossible and stated that “As it is of course not possible to record the two types of
bioelectrical activity (e.g., SC and SP) from the same skin area simultaneously, they
were recorded alternately from the same skin area and simultaneously from differ-
ent skin areas” [29].

To elucidate mechanisms underlying the appearance of the diphasic potential
(SP) curve, SC and SP simultaneously from the palm and the dorsum of the hand
were recorded by Yokota et al. [30]. SC and SP simultaneously from the palm and
the dorsum of the hand were recorded by Yokota et al. [30]. Sequence recording of
SC and SP was applied so as to enable a comparison of the results with each other.
When the SP was recorded simultaneously with SC from different parts of the same
palm, diphasic potential curve changes usually corresponded to larger resistance
changes [30].

According to Edelberg and Burch [31], both SC and SP are widely used as
indicators of autonomic activity in psychological and pharmacological investi-
gations, but the many fundamental controversies to be found in the literature
testify to the questionable reliability of these measures [31]. In addition to the
external stimuli and central excitatory state, various outside factors constitute a
third category of variables (skin temperature, current density, electrode com-
position and size, contact medium, and electronic circuitry) affecting SP and
SC responses. These factors are difficult to control, when comparisons between
SP and SC are to be made separately (recording each of which at certain time).
However, when they are compared simultaneously, effect of such variables can
be canceled out [31].

Relations between simultaneously recorded SC and SP changes are obtained at
high and low levels of bodily excitation by Darrow [22]. Electrodes were connected
to the palm and the wrist of both hands in order to simultaneously record SC and SP
between two opposite sites.
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Burstein et al. [32] reported simultaneous recording of SR (SC) and SP
responses generated by different psychological stimuli. The aim was to show effects
of such stimuli on responses of both EDA parameters and to determine the signifi-
cance of the different wave forms of skin potential [32]. SC responses were recorded
from middle and index fingers of the left hand, and SP responses were recorded
from the right ear lobe and the right index finger. They found that both SC and SP
are highly effective in assessing differential emotional responses. However, total
SP yields slightly more significant results than does the SC measure. They finally
suggested that the skin potential response merits further investigation because the
qualitative differences in its wave forms may be of special significance [32].

Hupka and Levinger [33] recorded palmar SC and SP simultaneously with
nonpolarizing electrodes, connected to the thenar eminence of the right and left
palm and on the dorsal right or left forearm. Authors aimed to investigate whether
the SPR negativity remains a constant correlation with the SCR during different
conditions of passivity and motor activity [33].

SC and SP were recorded simultaneously from opposite hands during a stress
period and a subsequent prolonged relaxation by Lykken et al. [34]. Their aim was
to investigate certain interrelationships between concurrent measures of SC and SP
through employing a simple equivalent circuit model of steady-state electrodermal
phenomena [34].

The correlation of change measures and prestimulus level in SC and SP and the
amount of correlation between SP and SC measures were studies by Gaviria et al.
[35]. SP and SC were recorded in a sequence at two different skin sites.

The effect of repeated stimuli on reader and nonreader child with respect to
physiological orienting response patterns in the autonomic nervous system was
investigated by Hunter et al. [36]. Authors aimed to fined difference between those
two groups through simultaneously recording SC and SP. For SC recording elec-
trodes were placed to the volar pads of the first and third fingers, and for SP record-
ings the active electrode was placed on the volar pad of the middle finger, and the
reference electrode was placed on the forearm; thus both SC and SP are recorded
simultaneously at two different skin sites [36].

In order to investigate possible differences between healthy subjects and
unhealthy (schizophrenic) subjects, Patterson and Venables [37] recorded SC
and SP at the same time but at two different skin sites by two different measuring
systems. Electrodes for SC recording were attached on the medial phalanges of the
first and second fingers of both hands and for SP were placed on the hypothenar
eminence of the right hand and an abraded surface of the right arm [37].

The validity of SC and SP for preliminary cystic fibrosis screening has been
demonstrated by Williamson et al. [38]. Electrodes for SC recording were attached
to the palmar surface of the fingers. For the measurements of SP, the active elec-
trode was being placed on the palmar surface of the distal middle phalanx of the
hand [38]. Discriminant analysis using the two best EDA measures (SC and SP) for
assignment of experimental group membership yielded 92.7% correct classification
of the actual group membership. However, both SP and SC recordings were neces-
sary to obtain such accuracy, since reclassifications of participants by discriminant
analysis using only the six SC or the six SP measures lowered the percentage of cor-
rect classifications to 77% for SC and 86% for SP. Authors stated that it would sim-
plify clinical procedures to use only the SP or only the SC measures to distinguish
between group (health and unhealthy) subjects, because only one hand would be
recorded and scored [38]. However, according to their results, recording more than
one EDA parameters at the same time would lead to more meaningful results.

Collet et al. [39] showed neutral and emotionally loaded pictures to some test
subjects in order to evoke happiness, surprise, anger, fear, sadness, and disgust.
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The EDA signals measured were SC, SP, and SR. For EDA recordings electrodes
were placed at different skin sites. For SC measurement electrodes were attached
to the second phalanx of the fourth and fifth digits of the non-dominant hand; for
SP active electrode was attached to the hypothenar eminence, and the reference
electrode was attached to the wrist, and finally for SR recording, electrodes were
placed on the second phalanx of the index and the third digit of the non-dominant
hand [39].

SR (SC) and SP and some other physiological parameters were recorded
simultaneously at various skin sites by Ismaili et al. [40], to analyze the relation-
ship between self-report hedonic evaluations and the physiological expression of
emotion in response to odorants. Second phalanx of the index and the third digit of
the non-dominant hand were selected for SC recording. For SP recording, the active
electrode was placed on the hypothenar eminence, and the reference electrode was
placed 10 cm higher on the wrist.

Shiihara et al. [41] examined the validity of long-term SC recordings by compar-
ing such recordings with simultaneously recorded SP at two different skin sites. SC
was recorded through placing electrode on the middle phalanx of the second and
fourth fingers, and SP was recorded via attaching electrodes between the thenar
eminence of the palm and the lower portion of the upper arm. Both EDA param-
eters were recorded simultaneously during sleep.

In a recent study, SC and SP have been recorded simultaneously at different
skin sites to evaluate the mental workload during driving by Kajiwara [42]. Author
stated that in order to simultaneously measure the SC and SP, the SC was measured
on the left arm, and the SP was measured on the right arm.

3.3 Simultaneous measurement of SC and SP or SS at the same skin sites

As noted, earlier studies such as [29] have claimed that simultaneous measure-
ments of EDA parameters are impossible. However, this hypothesis was later criti-
cized and lost ground due to new explanations and newest trends and techniques.

Montagu in [43] performed measurements (SC and SP) on the same skin site
simultaneously and continuously through the same pair of electrodes. Montagu
aimed to study effects of variety of conditions (different external stimuli) on the
simultaneous recordings of SC and SP at a single reacting area.

Grimnes [44] performed DC SP or SC, AC SC, and skin capacitance (i.e., SS)
measurements on the same skin site simultaneously by using the three-electrode
system. Author pointed out that the examination of the influence of sweat duct can-
not be done without also recording the parallel values of the skin admittance. Also
he reported that the sensitivity of the DC conductance to a certain reflex intensity is
larger than that of the AC SC.

Qiao et al. [45] developed a method for simultaneously recording SC and SS at
the same skin site via using a three-electrode lock-in amplifier measuring system. It
is indicated that the use of AC excitation is necessary for recording SS.

The exogenous (SC) and endogenous (SP) responses in order to acquire a
better understanding of the underlying mechanisms were compared by Jabbari
et al. [46]. Both SCR and SPR were simultaneously recorded in the palms using
the same electrodes. Authors reported independent information and correlation
between SC and SP.

Grimnes et al. [47] developed a special recording system for combining SC with
SP recordings from an active electrode at a palmar site together with a large indif-
ferent electrode connected to a physiological NaCl bath in which the forearm was
immersed. Their recording system used a small AC current, enabling the SC and SP
to be recorded simultaneously at the same site. Authors reported that it is possible
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to measure the SP and skin AC SC simultaneously at the same skin site in a low-
noise system. Authors pointed out that both the measuring systems that are used by
Grimnes [44] and Montagu [43] had the demerit that the recording electrode must
supply the necessary charge/discharge current to the blocking capacitor with chang-
ing DC voltages. This also introduced a time constant specified by the capacitance
and the resistance of the recording electrode [47].

Pabst et al. [48] designed a measuring system for simultaneously recording AC
SC and DC SC at the same skin site and same electrode. Authors aimed to examine
the similarities and differences between the AC and DC methods of EDA recording
under the same conditions. The measuring system consisted of two bipolar elec-
trodes, which were placed at the thenar and hypothenar sites of the dominant hand.

3.4 Simultaneous measurement of SC, SP, and SS at the same skin sites

This type of recording must be done with AC exosomatic, since with DC exoso-
matic, SS could not be measured.

Jabbari et al. [9] developed a measuring system where DC current was
replaced by a small AC current. They aimed to record SC, SP, and SS simultane-
ously at the same skin site. Three electrodes were placed to the skin, two measur-
ing electrodes and one reference electrode [9]. They confirmed that it is possible
to measure SP and skin AC SC simultaneously at the same skin site. In addition,
they regarded recording SP and SC simultaneously with the same electrode as
significant because of the often large skin site dependence of levels and response
waveforms [9].

Tronstad et al. [8] used a new method to record SC, SP, and SS simultaneously at
the same electrode. Their aim was to investigate the difference between waveform
of SC and SP in a new way by comparing their temporal peak differences. It was
a PC-based EDA recording system for simultaneous recording of skin admittance
(SC and SS) and SP at the same electrode. For recoding EDA parameters, three
electrodes were employed, a measuring electrode placed on hypothenar, a refer-
ence electrode placed on apex of elbow, and a current sink electrode placed on the
underarm.

The effect of some external stimuli on simultaneous recordings of SC, SP, and
SS at the same skin site has been investigated by Bari et al. [49]. Authors confirmed
that the three EDA parameters (SC, SP, and S) could be measured simultaneously
under the same electrodes. Each of such EDA parameters showed different wave
forms depending on their relation with the tissue under investigation.

Figure 2 shows an example of a setup for simultaneously measuring SP, SC, and
SS at the same skin site. It is a PC-based EDA system for recording EDA by means of
skin admittance and SP simultaneously at the same electrode on the same skin site.
It consists of one measuring electrode (ME), one reference electrode (RE), and a
current sink electrode (CE).

Simultaneously
Recording SC, SP and
SS System

Figure 2.
An example of a setup for simultaneously vecording SB, SC, and SS at the same skin site.
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4. Advantages of simultaneous measurement of SC, SP, and SS over

10

other EDA recording systems

1.In order to make direct comparisons between different EDA recording meth-

ods or parameters, techniques for simultaneously recording EDA using the
same skin site are required, since EDA responses cannot be compared and/or
correlated when lonely or separately measured.

2.Some authors such as [11] suggested a measuring method dependent on

continuously switching (sequentially) between AC (SC) and DC (SP) record-
ing methods, which allows the same site to be used for recording both SC and
SP. However, this recording method has drawback that the switching skin to a
different EDA coupler will always result in an adaptation of the gain process,
dependent on the filter characteristics of the amplifier system, which consti-
tutes a time-consuming procedure. In addition, the subject will seat or stay
for longer time in order to record EDA parameters one by one, which lead to
nuisance of the subject, and may in turn affect EDA signals (as EDA is associ-
ated with the psychophysiological state of the subject).

3. Also some other authors suggested another parallel-like (alternately) record-

ings of SC and SP measurements on contralateral sites [11]. But, this way

of recording has disadvantage that the EDA parameters are not recorded at
the same skin site. It has been pointed out that each active skin site may give
rise to various types of EDA responses and that basic EDA levels all depend
on the measuring system. So, measuring at the same electrode is significant
because both EDA components (levels and response) are largely dependent
on skin site as already mentioned above [47]. Besides the alternate method
is inconvenient as both hands of the test subject are connected with the
electrodes. In addition, to measure both SC and SP, at least four electrodes
connected with two setups are required, which take economical cost. On the
other hand, simultaneously employing only three electrodes that are placed
on the same skin on a single hand makes it preferable and convenient where
the subject will seat for shorter period than the other traditional recording
methods. From an economic point of view, its cost is lower since one setup is
used for recording all EDA parameters, and fewer electrodes are employed
than other methods.

4.Simultaneous method also has another important advantage over the rest of

the methods, which could be achieved when AC exosomatic current method is
used. Through this method in addition to SC and SP, the SS could be recorded
simultaneously at the same skin site as well. This means that EDA measure-
ments can be simultaneously appropriate with additional psychophysiological
measures, as it may provide further insights into the sweat gland physiology,
which makes it particularly useful for clinical applications. Technically based
upon this method, voltage sensing is converted from analog to digital, and uti-
lizing a low measuring frequency with phase-sensitive rectification guarantees
genuinely constant voltage or current and enables the minimization of meas-
urement errors as well. Moreover, this recording method enables detection of
variations in the reference site potential, thereby checking to which extent the
reference site is electrodermally inactive, which is a requirement for accurate
SP recording. Therefore, it is very suitable for physiological research.
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5. Applications

The scope of applications will be primarily related to those studies recently
conducted using the EDA measurement simultaneously. The use of simultaneous
measurement of EDA in psychology, physiology, and medicine is widespread and
constantly increasing due to its advantages. It is widely accepted that both AC and
DC components (parameters) can be accurately measured.

Tronstad et al. [50] employed the system presented in Tronstad et al. [8], for the
simultaneous recording of SC, SP, and SS at the same skin site. The aim of the study
was to assess how accurately sweat production can be estimated based on combin-
ing the skin electrical properties. According to the authors, results of sweating
estimation were significantly improved by the addition of SS and SP recordings to
the SC recording only.

In a study [51], changes in SCR, SPR, and SSR were evaluated as a result of
sequences of electrical (painful) stimuli with different intensities by using simul-
taneous system of EDA measurement. EDA responses as results of painful stimuli
were recorded from 40 healthy volunteers. They reported that EDA responses
significantly changed (increased) with respect to the intensity of the stimuli. Both
SCR and SSR showed linear relationship with the painful stimuli. It was found that
the EDA responses, particularly SCR (p < 0.001) and SSR (p = 0.001), were lin-
early affected by the intensity of the painful stimuli. Authors mentioned that EDA
responses, in particular SCR, may be used as a useful indicator for assessment of
experienced pain in clinical settings.

The same system mentioned above was used in another study [52], with the
aim of exploring the influence of relative humidity on EDA levels and also the
responses. A total of 10 healthy subjects were exposed to environments of low
and high RH while EDA measures were recorded, including cognitive, visual, and
breathing stimuli for evoking electrodermal responses of different origins. EDA
levels and responses were compared between the two humidity levels for all stimuli
and all EDA measures. It was found that EDA levels, in particular for SC and SS,
were significantly increasing during high humidity exposure but that the change in
EDA responses (SC, SS, and SP) was not statistically significant (p > 0.05, paired
t test). Authors concluded that ambient humidity influences the recording of EDA
levels and is important to consider when these parameters are used, but is not
important in the recording or analysis of EDA responses.

6. Conclusions

The purpose of the chapter review was to view the trends in the methods and
attempts made to develop them for recording EDA parameters. It was focused on
the major methods (through some published literatures) used for recording EDA
parameters. In addition, identifying the advantages of simultaneously recording
EDA parameters at the same skin sites over sequential and alternate methods. Even
though sequential or alternate recording methods certainly have advantages in
some routine work, simultaneous recording method must be considered for future
EDA research, since this measuring system can realize measurement of various
EDA parameters on the human skin, at the same skin site and same time, which
is required for accurate EDA research studies as well as clinical applications. This
will in turn undoubtedly lead us to technological and clinical advancements in the
treatment of other neurophysiological disorders. Therefore, simultaneous recording
method is superior to sequential and alternate recording methods.
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Acronyms and symbols

AC alternating current

B susceptance

C electrical capacitance
CE current sink electrode
DC direct current

EDA electrodermal activity
F frequency

G conductance

GSR galvanic skin response
ME measuring electrode
PC personal computer

R resistance

RE reference electrode

RH relative humidity

SC skin conductance

SCL skin conductance level
SCR skin conductance response
SP skin potential

SPL skin potential level
SPR skin potential response
SS skin susceptance

SSL skin susceptance level
SSR skin susceptance response
SR skin resistance

X reactance

Y electrical admittance
Z electrical impedance
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