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Abstract

Emotional regulation is defined as the processes responsible for monitoring, evaluating, and modifying
emotional responses in order to accomplish one’s goal. Abnormalities in emotional regulation capacities
are the hallmark of mood and anxiety disorders where the abnormal persistence of subjective, mostly
negative, affective states are associated with the development and maintenance of these conditions.
Psychophysiological recordings provide a complimentary objective measurement of emotional
regulatory capacities independent of subjective reports. Psychophysiological variables of major scientific
interest during affective picture processing have been electrodermal activity, more specifically skin
conductance changes as indexes of autonomic nervous system activity. The present integrative literature
review presents a critical synthesis of the literature findings so far aiming to delineate further the possible
effects of visually presented stimuli on skin conductance activity correlates of emotional processing and
emotional regulatory capacities in normative populations. Further investigation of clinical populations
across acute or remitted mood states (e.g. bipolar disorder) is critically urged since it could provide
valuable insight into the cognitive and neural underpinnings of emotion regulatory processes in different

clinical disorders and healthy populations.
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Introduction

Emotional regulation is defined as “the processes responsible for monitoring,
evaluating, and modifying emotional responses in order to accomplish one’s goal”
(Gross & Thompson, 2007). Abnormalities in emotional regulation are the hallmark of
mood and anxiety disorders where the abnormal persistence of subjective, mostly
negative, affective states is incorporated in the operational diagnostic criteria for these
conditions (APA, 1994; ICD-10, 1994). In addition, the persistence of negative
subjective responses may represent a risk factor for sub-threshold psychopathology in
healthy individuals (Beevers & Carver, 2003; Bolger, DelLongis, Kessler, & Schilling,
1989).

Psychophysiological recordings have been increasingly employed in recent years
in order to provide a complimentary objective measurement of emotional regulatory
capacities independent of subjective reports (Ochsner & Gross, 2005).
Psychophysiological variables of major scientific interest during affective picture
processing have been electrodermal (EDA) activity, more specifically skin conductance
(SC) changes as indexes of autonomic nervous system (ANS) activity. The discovery
that SC activity can be sensitive to emotionally meaningful stimuli (e.g., Bradley, 2000;
Bradley & Lang, 2000; Vrana, 1995) has increasingly led to a widespread use of these
psychophysiological measures in studies of emotional regulation. Such measurements
provide a simple and easy method for exploring emotional processing and have been

widely used in both healthy and clinical populations.

Scope of this review
There is a comparative lack of empirical studies examining the possible effects of

stimuli properties (i.e., valence and arousal) or specific thematic contents (e.g., fearful
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versus sad images) on emotional regulatory capacities in large normative samples.
Similarly, not enough data yet exists on normative psychophysiological correlates of
such capacities whilst findings still remain tentative due to vast methodological
limitations and heterogeneity of outcome measures used amongst studies.

Therefore, the present integrative literature review aims to delineate further the
possible effects of visually presented stimuli on SC activity correlates of emotional
processing and emotional regulatory capacities in normative populations. This study
presents an overview and critical synthesis of the literature findings so far aiming to

discuss research limitations and offering areas for future research.

Methodology

Literature search and inclusion criteria

Studies were initially identified by searching the major databases (PsychINFO,
Medline, Embase and Cambridge Journals Online) using the terms *emotional
processing*, *emotional regulation*, *skin conductance*, *psychophysiology* and
*emotion*. All available years generated through the databases were examined. The
titles and abstracts of the articles identified were examined and those that appeared to
fulfill our inclusion criteria were retrieved. The references of the retrieved articles were
searched for additional studies not previously identified. Only studies written in

English were retrieved.

All identified articles were scanned to ensure reference to emotional processing
or emotional regulation processes. Only studies employing SC measurements were

included. Finally, articles were included if they met the following criteria: (a)
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publication before 31/12/12 (b) included adult normative populations (aged 16-65) as a
distinct group, (c) provided clear descriptive information about the psychophysiological

techniques employed.

Experimental tasks

All identified studies employed two distinct types of experimental tasks, namely
emotion induction and regulation tasks.

During a ‘typical’ emotion induction task, participants are passively exposed to a
series of visual stimuli (presented in a random or pseudorandom order). The picture
viewing context encourages a passive, perceptual intake of cues with no demand for
response output aside from affect evaluation so that the effects of emotional processing
can be efficiently enhanced (Bradley, Codispoti, Cuthbert, & Lang, 2001).

During a ‘typical’ emotion regulation task, participants are exposed to a series of
visual stimuli (again, presented in a random or pseudorandom order). During or shortly
after the presentation of visual stimuli, participants are asked to suppress their
emotional responses elicited by the stimuli. In such instances, emotional “down-
regulation” techniques are initiated after the onset of stimuli, aiming thus at decreasing
the quality, intensity or duration of elicited emotional experiences.

Static pictures used in the above tasks are often taken from databases with (a)
standardized images for arousal and valence ratings such as the International Affective
Picture System (IAPS) (Lang, Bradley, & Cuthbert, 1995a, 1995b, 1999) or (b) images
of facial expressions depicting affective states which differ in quality and intensity such

as the library produced by Ekman and Friesen (Ekman & Friesen, 1976). Pictures are
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presented for several seconds (usually 6 seconds) and subjective as well
psychophysiological responses are being recorded.

Results

From the computerized search, 673 studies were obtained. Of those, only 33
studies met the criteria and were included in the review, summaries of which are
encapsulated in Table 1 below.

Findings from emotion induction tasks

Many studies have shown orderly relationships between SC measures and arousal
qualities of the presented stimuli. For instance, Bradley and colleagues (Bradley et al.,
2001) assessed the effect of 72 IAPS pictures comprising of 18 different emotional
contents of varying intensity in a large sample of volunteers. Substantial increases in
SC amplitude were only obtained for the most highly arousing pictures depicting threat,
violent death and erotic scenes. Consistent with the motivational hypothesis (Lang,
1994), the authors argued that a certain threshold of motivational activation is
necessary to be reached first before sympathetic activity covaries with increases in
affective arousal judgments (i.e. inferred motivational engagement) of the picture
contents.

In Bernat and colleagues (Bernat, Patrick, Benning, & Tellegen, 2006),
participants watched 54 pleasant, neutral and unpleasant IAPS images representing
again specific thematic contents of varying affective intensity. Pleasant contents were
erotic and adventure scenes; unpleasant contents were scenes of victimization and
threatening images while neutral contents were either neutral human faces or household
objects. In agreement with Bradley and colleagues (Bradley et al., 2001), images

depicting erotic and threat scenes elicited the largest SC responses; most importantly,
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significant positive correlations between intensity and SC amplitude were only
evidenced for highly arousing erotic and threat content adventure or victim scenes. In a
similar study, Codispoti and colleagues (Codispoti, Surcinelli, & Baldaro, 2008) asked
psychology students to watch three films depicting surgery, landscape and erotica
themes. Results again showed that although the two valenced films elicited larger SC
responses than the neutral film, within the pleasant picture category, erotica prompted
significantly larger SC activity compared to other pleasant and neutral contents.

Similarly, Sarlo and colleagues (Sarlo, Palomba, Buodo, Minghetti, & Stegagno,
2005) asked participants to watch 20 images split into two pleasant (scenes of extreme
sports/adventure, erotica) and two unpleasant (threat, blood) categories. A neutral
category was also included as a control condition (household objects). Although
valenced images had comparable normative arousal ratings, images depicting erotic
scenes, threat and blood were again considered the most arousing ones and therefore
produced the largest SC changes compared to other thematic contents. Similarly, in an
earlier study, Houtveen and colleagues (Houtveen, Rietveld, Schoutrop, Spiering, &
Brosschot, 2001) asked participants to passively watch two sets of images, each split
into threatening, erotic and neutral emotional thematic contents. Again, SC responses
were significantly larger in response to pictures depicting erotic scenes than those
depicting threatening or neutral ones.

In Frazier and colleagues (Frazier, Strauss, & Steinhauer, 2004), undergraduate
students watched 9 film segments (three positive, three neutral, and three negative),
each 120sec in length. Findings showed that increased SC activity was associated with
arousal independent of valence whereas no gender differences were found on SC
activity. Similarly, in Norris and colleagues (Norris, Larsen, & Cacioppo, 2007),

students watched 66 pleasant, unpleasant and neutral images and thought about how
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they made them feel. Again, SC was greater in response to unpleasant and pleasant
images when compared to neutral ones while SC reactivity did not differ between
unpleasant and pleasant pictures, replicating again the typical arousal pattern of skin
conductance (e.g. Bradley, 2000).

A number of studies have also examined the effects of stimuli exposure time on
affective reactivity. For instance, in Armhein and colleagues (Amrhein, Miihlberger,
Pauli, & Wiedemann, 2004), participants chose the length of time they would spend
watching a series of positive, negative and neural images (self-paced image
presentation). SC amplitude was again higher for emotionally valenced images relative
to the neutral ones, although viewing time was significantly longer for positive
compared to negative images. The authors interpreted the SC findings as an arousal
effect and argued that as viewing time was not directly influenced by arousal but it
might have also been affected by a combination of variables, specifically subjective
interest and picture valence.

McManis and colleagues (McManis, Bradley, Berg, Cuthbert, & Lang, 2001)
asked participants to watch passively for as long as they wanted to (self-paced image
presentation) 60 IAPS images, equally split into positive, negative and neutral valence
categories. Viewing time and SC amplitude varied with emotional content, with
enhanced SC responses during exposure to unpleasant pictures, compared to pleasant
and neutral pictures. The authors argued that their selection of low arousal positive
images might have failed to activate strong or reliable emotional reactions from the
participants. In Ribeiro and colleagues (Ribeiro, Pompéia, & Bueno, 2006), participants
watched 32 IAPS images divided into four categories: eight highly pleasant-arousing
pictures (sexual content and adventures), eight highly pleasant relaxing pictures

(landscapes, flowers or babies), eight neutral on both valence and arousal pictures and
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eight highly unpleasant arousing ones. In agreement with MacManis and colleagues
(McManis et al., 2001) above, the pleasant relaxing images failed to elicit as large SC
responses as those elicited by the unpleasant images.

Results were replicated in few more studies where participants were exposed to
the presentation of (a) three video clips depicting feelings of fear, disgust and joy
(Palomba, Sarlo, Angrilli, Mini, & Stegagno, 2000) and (b) 100 IAPS images equally
split into unpleasant and neutral categories (Caseras et al., 2007); both studies showed
that unpleasant images depicting feelings of disgust elicited the largest SC responses as
compared to other valenced categories. Lane and colleagues (Lane et al., 1997) asked
20 female participants to watch 60 IAPS images which were split into pleasant,
unpleasant and neutral categories and depicted varying thematic contents; in agreement
with the above, enhanced SC activity was elicited in response to the unpleasant images
as compared to both other categories.

Cuthbert and colleagues (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000)
asked participants to watch pleasant (e.g. attractive infants, opposite sex nudes),
unpleasant (e.g. spiders, mutilations) and neutral (e.g. household objects) IAPS images
and maintain the image of each slide in their minds after its presentation and until they
could hear a soft tone which would allow them to stop. Again, the presentation of
emotionally valenced categories elicited enhanced SC activity compared to neutral
images. However, although both emotional categories prompted similar arousal ratings,
pleasant pictures did evoke significantly greater SC activity than the unpleasant ones.
In line with the above, the authors argued that SC differences might have resulted from
an augmented affective arousal of pleasant images in this particular picture sample.

In Sierra and colleagues (Sierra, Senior, Phillips, & David, 2006) participants

viewed images displaying spontaneous happy or disgusted facial expressions. Images
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were presented for only 3 seconds and were followed by a blank screen interval which
lasted for 30 seconds; during this interval, subjects were asked to give verbally their
emotional intensity ratings. Although no differences were found in intensity ratings
between the two thematic contents, SC amplitude to happy facial expressions was
significantly larger compared to facial expressions depicting disgust. Nevertheless, the
stimuli used in this study had been developed and validated by authors, making the
results less comparable with the other studies.

Another study wished to investigate whether brief presentations of emotionally
valenced images may also be able to elicit same patterns of autonomic responding to
those observed during longer picture presentations. Specifically, Codispoti and
colleagues (Codispoti, Bradley, & Lang, 2001) asked participants to watch 54 briefly
presented IAPS images (duration of 500 ms) equally split into pleasant, unpleasant and
neutral categories. Again, larger increases in SC were elicited when subjects watched
emotional pictures compared to neutral pictures, although no differences were found in
SC when participants were watching pleasant, compared to unpleasant pictures. The
authors explained the findings as an arousal effect and argued that shorter presentations
of visual stimuli can thus effectively activate similar response patterns to those observed
during longer presentations of valenced stimuli (usually 6 seconds).

Vrana and colleagues (Vrana & Gross, 2004) reached the same findings by
examining, however, the effects of longer (8 seconds) exposure to images depicting
angry, joyful and neutral facial expressions (Ekman & Friesen, 1976). SC amplitude
was again significantly larger for positive as compared to both other facial expressions
whilst the angry and neutral facial expressions elicited similar patterns of SC activity.

Interestingly, the authors argued that neutral images were depicting a more difficult
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thematic content for participants to decode and thus indexed enhanced orienting
processes which in turn, resulted in greater psychophysiological activity.

Smith and colleagues (Smith, Bradley, & Lang, 2005) examined the effects of
sustained exposure to consecutive presentations of 108 images selected from IAPS split
into positive (n=36), negative (n=36) and neutral (n=36 x 2) categories presented during
four long lasting image series. A greater number of SC responses were again elicited
when viewing blocks consisting of unpleasant images as compared to pleasant and
neutral ones suggesting again that the highly arousing qualities of unpleasant stimuli
might have had significant modulatory effect on the elicited SC responses. Finally, SC
level significantly decreased across series presentation: the authors argued that this
might have been reflecting overall habituation in electrodermal measures as the task
context became more familiar and the orienting processes were therefore less enhanced
(Montagu, 1963; Sokolov, 1963). In line with Vrana and colleagues (Vrana & Gross,
2004), the authors suggested that differences in the engagement of orienting processes
may therefore underlie the modulatory effects of stimulus arousal on SC response
systems.

In an attempt to separate contributions of stimulus arousal due to novelty from
those due to emotional valence, Bradley (Bradley, 2000) presented students with a
selection of 54 IAPS images split in pleasant, unpleasant and neutral categories; each
photograph was shown twice in a row. The argument was that during the second
presentation, the picture was no longer novel to the participants and effects due to
emotional arousal alone should therefore be accentuated. Although SC responses to
unpleasant images remained similar across the two presentations, responses to pleasant

images decreased significantly from the first to the second presentation, suggesting
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therefore that pleasant images may be more related to stimulus novelty than to
emotional arousal.

A number of studies have also examined the possible modulatory effects of
stimulus size on SC responding. For example, Sanchez-Navarro and colleagues
(Sanchez-Navarro, Martinez-Selva, & Roman, 2006) asked undergraduate students to
watch 54 IAPS images split into positive, negative and neutral categories. Students were
randomly assigned to two experimental conditions: one condition consisted of large
images and the other of small ones. Analysis showed significant SC differences between
emotionally valenced and neutral pictures, but not between pleasant and unpleasant
pictures suggesting again a modulatory arousal effect on autonomic reactivity. No
significant differences were however found between image size conditions, suggesting
no such effect on SC responses. On the other hand, Codispoti and colleagues (Codispoti
& De Cesarei, 2007) asked participants to watch 106 IAPS images representing a much
wider range of thematic contents split into seven categories: erotic couples, opposite sex
nudes, babies, neutral people, contamination, animal attack, and mutilated bodies. Each
picture was small, medium or large. Although more pronounced SC activity was elicited
for erotic couples and mutilated bodies, thematic content modulation on SC was more
pronounced for large images whereas decreased linearly with stimulus size; the authors
argued that stimulus size might have modulated stimulus relevance and consequently,
sympathetic changes related to high activation of strategic motivational response
systems and action preparation (Bradley et al., 2001).

Brown and colleagues (Brown, Bradley, & Lang, 2006) asked students to watch
IAPS images depicting members of the same or different to them ethnic groups in order
to examine possible modulatory effects of ethnicity on SC activity. African American

and European American participants were therefore recruited and exposed to images
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depicting (a) black people, (b) white people and (c) animals and objects. Although all
participants showed larger SC responses when viewing pleasant or unpleasant images as
compared to neutral ones, African American participants had lower SC activity than
European American participants supporting earlier findings suggesting that darker skin
has less electrodermal conductivity than lighter skin (Korol & Kane, 1978). European
American participants also showed higher arousal ratings in response to unpleasant and
pleasant pictures of white people than African Americans suggesting that European
American participants might have showed heightened emotional reactivity due to
increased group identification or personal relevance.

Finally, a recent study aimed to develop a new emotional paradigm to examine
whether autonomic activation patterns could also be organized around social
dimensions of emotion. Specifically, Britton and colleagues (Britton, Taylor, Berridge,
Mikels, & Liberzon, 2006) used film segments in order to induce socially and non-
socially generated emotions. SC responses to social positive stimuli (i.e. comedy) were
greater than those to non social positive stimuli (i.e. pizza scenes) although SC
responses to social negative stimuli (i.e. bereavement) were smaller than those to non
social negative ones (i.e. wounded bodies). More interestingly, for non social stimuli,
SC responses to negative stimuli was greater than responses to positive or neutral ones;
conversely, for social stimuli SC responses to valenced stimuli were greater than SC
responses to neutral stimuli suggesting that the social dimension may be an additional
important characteristic of emotional processing that can produce distinctive

psychophysiological responses.
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Table 1: Psychophysiological studies that have used skin conductance activity as index of emotional processing and emotional regulation

each.

Blocks followed by 30 s
intervals

and exceeding 0.04 uS

log-transformed values
reported

reported

Author, date Sample Design Stimuli Technical Measures Results Comments_ /
Interpretation
Bradley et al., N =95 (50F) Emotion 72 IAPS images (positive, Coulbourn S71-22 SC amplitude SC: SC modulated by arousal
2001 induction negative and neutral) had coupler measyred within 1-4 s unpleasant >
N=47 task varied normative valence & after image onset pleasant, neutral sC amplitude in men >
24F) arousal ratings and were Sensormedic women when viewing
coloured images presented for 6 s electrodes log-transformed values | gonween thematic | POSitive pictures
(pseudorandom order) reported contents:
5% NaCl Unibase threat, violent SC amplitude in women
N=48 . Lo
paste death, erotica > > men when viewing
(26 F) black and other categories negative stimuli
white
. SR: 20 Hz
images
Sierra et al., 2006 N =15 Emotion 12 blocks x disgust and Contact Precision SC amplitude SC: Stimuli were developed
7F induction happy facial expressions; measured as the happiness > disgust and validated by one of
task ; ; maximum change the authors (CS) as part
images alternated in gender
Electrodes 0.5cm initiated 1- 4 s after of his PhD dissertation
Mean age: image onset Arousal:
332+72 Images presented for 3 s SR: 100 Hz No differences
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Participants “maintained the
image in their minds” until
they heard a tone.

log-transformed values
reported

Amrhein et al., N =16 Emotion 54 IAPS images (positive, Vitaport-1 system SC amplitude SC amplitude: SC modulated by arousal
2004 6 F) induction negative and neutral) measured within 1.5 - Neutral < pleasant
task 6.5 s after image onset . o .
SR:400 Hz unpleasant pictures | Viewing time not directly
Mean age Valenced images had similar related to arousal but
99.547.9 arousal ratings log-transformed values SC Lat ) influenced by a
T reported =% Lalency. combination of variables
) NS differences (e.g. valence, subjective
Self-paced image .
. interest)
presentation
(random order of Arousal:
presentation) Unpleasant > Va.lence and arousal
pleasant > ratings were comparable
] to normative IAPS values
neutral images
o Small sample size
Viewing time:
pleasant >
unpleasant >
neutral images
Cuthbert et al., N =37 Emotion 54 IAPS images (positive, SC amplitude SC: SC modulated by arousal
2000 14 F) induction negative and neutral) measured as the change | eutral <
task Valenced images had similar score deviated from unpleasant
A _ arousal ratings; images baseline <pleasant pictures
ge range: presented for 6 s; random (1 s before image
18-24 years order of image presentation. onset)

Valence:
pleasant >
unpleasant >

neutral images

Arousal:

Unpleasant,
pleasant > neutral
images
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Norris et al., 2007 N =61 Emotion 66 IAPS images (positive, Biopac GSR100C SC amplitude SC: All subjects were right-
(61F) indlgction negative and neutral) zufefasured absthe Neutral < harljded, undergraduate
tas| ifference between students
i unpleasant,
) 8mm Ag/Ag-Cl each epoch and .
SC averaged over the first electrodes baseline pleasant pictures
and last 3 s of image ]
presentation (1 s before picture
i SR:1000 Hz onset)
as well as the 3 s following
picture offset
Low-pass filter: square-root
10-Hz transformed values
reported
rana ross, = motion slides equally split into oulbourn amplitude SC: modulated by arousal
Vi &G N=19 Emoti 24 slid Ily split int Coulb: SC litud SC SC modulated b |
2004 induction anger, neutral, joy categories | bioamplifier measured as the change | Neutral & anger
task ; score deviated from
High fear: (Ekman & Friesen, 1976) [coupler electrodes baseline expressions: SC 1 s of baseline physiology
Mean age (4 mm) ) decreased from just prior to slide onset
Slid ted for 8 s: (1 s before image baseline was used as a covariate
19.7+14 I0€es presented 1or o s, resentation) iologi
. p for all physiological
pseudorandom order of Unibase paste |
image presentation onlv ioviul analyses.
Low fear: vl yf .
SR:20 Hz expressions:
Mean age : SC increase from Lower SC activity during
21.7+1.8) baseline neutral expressions

interpreted as the result of
increased attentive
processing

NS gender differences
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Valenced images had similar
normative arousal ratings;
images were presented for
500 ms each

Sensormedic
electrodes

5% NaCl Unibase
paste

baseline (1 s before
image presentation)
and 1- 4 sec after
image onset

pleasant images

McManis et al., N =30 Emotion 27 1APS images (positive, | Coulbourn coupler SC amplitude SC: SC modulated by arousal
2001 (15F) induction negative and neutral ) measured as the change Unpleasant >
task score deviated from
5% Unibase paste baseline p!easant, neutral NS gender differences
Valenced images had similar ) pictures
arousal ratings (s befor.e Image
SR:20 Hz presentation) S
Viewing time:
Self-paced duration of image unpleasant >
presentation pleasant, neutral
(upto 305)
Arousal:
Pseudorandom order of unpleasant >
image presentation pleasant, neutral
Codispoti et al., N=51 Emotion 54 1APS images (positive, Coulbourn S71-22 SC amplitude SC: SC modulated by arousal
2001 (23F) induction negative and neutral) coupler measured as the change | eutral <
task score deviated from
unpleasant, Affective reactions were

similar for briefly
presented pictures as
found in studies using
longer, e.g. 6s
presentations

Same images were also
used in Bradley et al.,
1993
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Houtveen et al., N =41 Emotion Two sets x 27 IAPS images | Ag/AgCl SC amplitude SC: NS differences between
2001 @7F) induction (positive, negative and electrodes scored as the largest erotica > repressors, truly low
task neutral) value compared to threatening > ;r_]xri]ous e_ind moderat('ely-
; neutral pictures Igh anxIous groups In
Repressors (N=14) 5% NaCl Unibase baseline (10 s before P self-reports or SC
paste image onset) 1-5 s after
picture onset Reduced SC
Low anxious -
N=14 activity found
(N=14) during the second
image set
High anxious
(N=14)
Smith et al., 2005 N =37 Emotion Consecutive presentation of | Coulbourn S71-22 SCRs > 0.05 uS SCRs: SC modulated by arousal
(23F) induction three blocks of 108 IAPS coupler Unpleasant >
task images (positive, negative STAI pleasant,
and neutral) .
Sensormedic neutral
electrodes
Blocks of 12 same valence
. STAI:
images . | Uni
(90's long) %5 NaCl Unibase Individuals with
paste higher anxiety
ratings showed
Pictures presented for 6 s more SCRs
each, followed by 1.5 s
intervals
Palomba et al., N =50 Emotion Three video clips depicting 150/160 LTD SCL data reduced to SCL: All participants were
2000 (35F) induction threat scenes (fear), Digitimer amplifier 0.5 s bin criterion. disqust > threat > undergraduate students
task operation (disgust) and S$71-22 SC coupler joy
landscape (joy)
Mean age SC analyzed by
238417 Ag/AgC] electrodes | dividing the 132-s

Clips were 132 s long

Unpleasant clips had similar
arousal ratings

SR:10 Hz

stimulus period into
four 33-s epochs.
Differences between
epochs and the last 15 s
of baseline were
reported.
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neutral categories

Valenced images equal in
arousal ratings

5% NaCl Unibase
paste

SR:20 Hz

Sarlo et al., 2005 N =46 Emotion 20 IAPS images 150/160 LTD SC amplitude SC: All participants were
(21F) induction (6 s each) equally split into Digitimer amplifier measured as the change | gotic > threat, undergraduate students
task two positive (erotica, sport), score between blood > sport >
M two negative (threat, blood) | coulbourn S71-22 3 s before picture onset | neutral stimuli NS gender differences
ean age and one neutral categories coupler (baseline)
235429 and for 6 s during
Variable intervals: 15-20 s Ag/AgCI electrodes picture viewing
Valenced images equal in SR: 20 Hz
arousal normative ratings
Bernat et al., 2006 N =48 Emotion 54 |APS images Coulbourn amplifier / | SC amplitude Positive Male participants only
(48M) induction (6 s each) equally split into coupler measured from the relationships
task positive (erotic, adventure), or?se.t to peak response | between arousa_l
negative (victimisation, AgiAGC Wlthln.0.9~4-1-5 and SC for erotic
Mean age threatening images) and following picture onset | and threat contents
19.8 +2.52 (1 cm) electrodes only
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8 highly pleasant- relaxing
(landscapes, flowers or
babies), 8 neutral & 8 highly
unpleasant-arousing pictures

Ag/AgCl electrodes

from the last 3-s of
picture viewing

pleasant, relaxing
images (tended to
do so also in
relation to pleasant
arousing and
neutral images)

Codispoti & De N =50 Emotion 105 IAPS images split into: Coulbourn S71-22 SC amplitude scored as | SC: Picture size reduction
Cesarei, 2007 (25M) induction erotic couples, opposite sex coupler the maximum response largest picture size, | Was associated with a
task nudes, babies, neutral people, between 1 - 4 s from highly arousing decrease in SC affective
contamination, animal attack picture onset images > low modulation.
Mean age and mutilation. AY/AGCI arousing and
21.48+1.87 (7-mm) electrodes neutral ones
5% Nacl Unib log-transformed values
Three different picture sizes: °t a nibase reported larger, medium >
large, medium, small paste smaller pictures
SR: 20 Hz erotic couples,
mutilated bodies >
all others categories
neutral pictures,
contamination <
sex nudes, animal
attacks and babies
Ribeiro etal., 2006 | N=24 Emotion 4 sets x 32 IAPS images: 8 1-410 Physiological SC amplitude scored SC:
(12F) induction highly pleasant-arousing Monitoring System by subtracting 3-s Unpleasant >
task (sexual, adventures) before picture onset
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Caseras etal., 2007 | N=34 Emotion 100 IAPS images Coulbourn S71-22 SCRs > 0.01pS and > SCRs: NS gender differences
(17F) induction (6 s each) split into coupler 500 ms rise time disgust > neutral
task unpleasant (disgust; n=50) images
and positive or neutral
Mean age Males: (n=5%) categories Ag/AgCI When no SCRs, 0 was Females > males in
29.06+7.3 (7-mm) recorded for that block disgust sensitivity scores
Females: electrodes and subjective discomfort
29.88+9.04
5%NaCl Unibase
paste
SR: 20 Hz
Hubert & de Jong- | N=20 Emotion 2x 10 min films (amusing, Beckman Ag/AgCl SCL values averaged SC: Participants got more
Meyer, 1991 (20 M) induction suspense) presented on 2 electrodes for 60-s periods and SCL initially irritated during the
task consecutive days. (8 mm) subt_racted from th_e last | increased for min 1 | second part of the _
2 min of the baseline suspense segment while
Mean age period during the amusing film
27 Natic EDA coupler SCL increased for | this trend was weaker
Counterbalanced order of min 3 and 6 during | towards the end.
images presentation . SCL>0.1uS suspense scenes
range 5% NaCl Unibase
electrode Al participants were
21-24 SCL decreased f
paste - ecreased Tor males
min 5 to 10 for the
amusing film
SR:10 Hz
Cobos, Sanchez, N =19 Emotion 30 IAPS images (6 s) Sensormedic SC change between SC amplitude: Patients with spinal cord
Garcia, Nieves (7F) induction (unpleasant, pleasant and electrodes stimulus onset to Unpleasant > injuries were also
Vera, & Vila, 2002 task neutral) Isotonic electrolyte ma>.<imum increzflse pleasant, neutral included in the study
paste (0.29g) NaCl during the 6 s slide images
Age range .
Random order of image per 100 ml water. presentation
21-53

presentation

Constant current: 10
A

EledOepva, Tevyoc 6, 2013



Skin conductance activity measurements for exploring emotional processing and emotional regulatory capacities in normative populations: An integrated review

85

Males: unpleasant,
pleasant > neutral
images

Frazier et al., 2004 | N=56 (28F) Emotion 9 films Biopac TSD103A SCRs >0.05 pS SCRs: Undergraduate students
indlgction (3 x positive, amplifier Bandpass cotr)nputed by Unpleasant,
tas DC-1 Hz subtractin
Mean age 3 x neutral, ) 9 pleasant > neutral | N gender differences
. baseline values images
19.1+1.53 3 X negative) di d
5%Unibase paste preceding an
Age range (120 s each) Nacl. following films from
18-26 values during each film
SR:1000 Hz.
Sanchez-Navarro N =61 Emotion 54 |APS images AD Instruments SC amplitude SC: NS differences or
etal., 2006 (38 F) induction (unpleasant, pleasant and ML132 bioamplifier | 5 ¢ 5 uSina0.9-4s pleasant interactions found in SC
task neutral) window after picture unpleasant > or viewing time for
Mean age Inter-trial intervals: Ag/AgCl onset. neutral images picture size or gender
19.75+2.95 18-30s (7-mm) electrodes
with Viewing time:
Valenced pictures had isotonic electrolytic log-transformed values | Pleasant,
similar arousal ratings paste reported unpleasfant >
N=31 >6) neutral images
viewed large
images - . Arousal ratings:
Participants controlled image
duration by keypress Females:
N=30 unpleasant >
viewed small pleasant > neutral
images images
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Britton et al., 2006 | N =40 Emotion Short films (2 min) varying BioPac MP100 The peak SC amplitude | SC: All participants were
(21F) induction in sociality (social or non bioamplifier during the first 30 s of | gqial positive > males
task social)I and valence (bplosilzive, each film was non social positive
neutral, negative or blan
Mean age g ) Ag/AgCl electrodes | Comparedtoa25s
with NaCl Unibase baseline period prior to .
19.3+1.2 . . each film Non social
After each film, participants paste negative > social
had to maintain the emotions negative

evoked

Non social stimuli:

negative > positive

Social stimuli:

positive, negative
> neutral
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Brown et al., 2006 | N =87 Emotion 56 IAPS images of (1) black | Coulbourn SC amplitude SC: All participants were
(46 F) induction people (2) white people (3) S71-22 bioamplifier calculated by European undergraduate students
task animals and objects fcoupler subtracting the American from different ethnic
baseline activity (1 s participants had backgrounds
before picture onset) larger SC when
Vivo Metric E224 from each viewing unpleasant
8 mm electrodes half s following picture | ©F Pleasant
onset. pictures of White
5% NaCl Unibase target_s > African
American
paste .
participants
Viewing time:
African Americans
looked at Black
targets > White
targets. No
ethnicity
differences in
viewing time for
unpleasant
pictures.
Lane et al., 1998 N =20 Emotion 60 IAPS images (6 s) Biopac amplifier / SC amplitude scored as | SC: All participants were
(20F) induction (unpleasant, pleasant and electrodes the largest half-s value unpleasant > female volunteers
task neutral) during picture viewing.

SR:1000 Hz signals
reduced to

12 half s bins

log-transformed values
reported

pleasant > neutral
images
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mean age: 23.12
range

19-37

and erotica) with variable
interval (6-8 min)
between presentations.

2-min baseline was recorded

Sensormedic
Ag/AgCl electrodes

5% NaCl Unibase
paste

Signal
calibrated in 0-40 pS.

presentation from that

occurring at each 60s
interval after film onset

Neiss, Leigland, N =102 Emotion 70 IAPS images (2 s) Biopac MP100A SC amplitude scored as | SC did not differ SC activity correlated
Carlson, & induction (unpleasant, pleasant, amplifier the highest peak within | across valence with subjective arousal
Janowsky, 2007 task neutral 6-s following stimulus | categories ratings in the youn
Yy Older adults age ) GSR100C transducer 9 9 9 I Y ?
range module (sensitivity onset and >0.1pS group only, suggesting a
=7nS) v < disconnection between
65-85 ounger women older participants’
All image categories had 2/(;)\/[\]/2?;; S?::sant conscious awareness and
similar arousal ratings Low pass filter:1.0 Hz i i
Younger adults age 9 : p _ log-transformed values | _ unpleasant physiologic arousal
range 0ch)g&_?l_'pzass filter: reported stimuli
24-40 '
AG/AIC Young and old did
9'Ag not differ in SC
(6 mm)
electrodes SC correlated to
subjective arousal
5% saline ratings in the
electrode paste young group only
Codispoti et al., N=60 Emotion Practice film clip (120 s) and | Coulbourn S71-22 SCL computed by SCL: Psychology students
2008 (33F) induction then coupler subtracting a_ctivity in emotional films >
task 3 films (surgery, landscape 60 s before film neutral film

first interval>
second interval

NS gender differences
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condition” as
control

films > old ones

Gross, 1998 N =120 Emotion Three silent films Beckman electrodes SCL measured as the SCL: The ethnic composition
(60F) regulation (Ekman & Friesen, 1976): change score between Suppression vs. of the sample was mixed
. baseline (1 min before | ; ion.
SUpPIession: | 7 films depicting disgust (55 | NaCl Unibase paste | . ( ' induction:
. image onset) from film
Mean age: Participants & 64 s long) &1 neutral period larger SCL
behaved in emotion
2141 such a way ;
“that an (1 min long) Subjective ratings:
N=40 emotion observer NS differences
induction would not between conditions
condition know what
they were
. \feeling”’
N=40 emotion
regulation
condition “Watch
as control
Kunzmann et al., N =95 Emotion 5 films Beckman electrodes SCL measured as the SCL: The order of the film
2005 regulation (Ekman & Friesen, 1976): NaCl Unibase paste | change score between | g npression vs. presentations
N=48(24F pre film and film induction: counterbalanced
=48(24F) - period
Age range Suppression: |1 peytral film larger SCL b cond ;
i Each condition consiste
_ Participants
1828 behaved in a (58 5 long) Subiecti " of 23 older (11 F) and 24
. ] - :
way “that an 3 disgust films (eye operation SUDIECUIVE TAINGS: | o nger (12 F) healthy
N= 47(23F) observer 58 s; burn victim 55 s; arm NS differences volunteers
amputation 62 s) between
Age range: would not o conditions
60-85 know what |1 positive film (contentment) NS effect of age
they were
Jeeling” Young participants
greater disgust
“Watch during medical
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condition” as
control

Gross & Levenson, | N =180 Emotion 4 films Grass Model 7 SCL measured as the SCL: All female undergraduate
1997 Healthy controls regulation (Ekman & Friesen, 1976): (Astro-Med, Inc) change score between | gyppression vs. students
films were neutral (3.5 min, pre.-flcljm and film induction:
; eriod.
Suppression; | soundless), amusing (3.5 P larger SCL during | In all conditions, the
i min, with sound) or sad (3.5 sad condition order of film
Participants min, with sound); a neutral ;
behaved in a il ' dach I presentations was
way “that an tim used as baseline Subiecti " counterbalanced
. gs:
observer (1.5 min, soundless) NUS de_:flve ratings
would not bet : ertences
know what el v(\j/fete_n WO
they were conditions
feeling”
“Watch
condition” as
control
Gross & Levenson, | N =85 Emotion 3 silent films (Ekman & Grass Model 7 SCL measured as the SCL: NS gender differences
1993 regulation Friesen, 1976): (Astro-Med, Inc) change score between Suppression vs. found during suppression
43M: 1 film was neutral (113 s) pre_—fl(ljm and film induction:
' Suppression: ) L period.
mean age 19.3 - 2 films depicting disgust Beckman electrodes larger SCL
B Participants | (burn victim 55 s & arm
(range 18-23) . -
behaved ina  |amputation 64 s) I I
way “that an NaCl Unibase paste Subjective ratings:
42F: observer NS differences
mean age would not between two
192 172 know what conditions
9.2 (range 17-23) they were
feeling”
“Watch
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Demaree et al., N=69 Emotion Participants saw either a Biopac Systems SCRs averaged over 2 | SCRs:
2006 (36F) regulation di-sgustin'g clip or a neutral GSR100C amplifier min within conditions Negative films vs.
clip (2 min each) TSD203 transducers neutral:
Mean age m more SCRs
19.32+1.57 Participants Biopac Electrode _
were asked Paste Suppression vs.
to “‘show no induction:
emotional
” Low-pass filter: 10 Hz fewer SCRs
response
Subjective ratings:
“Watch SCRs>0.05 S NS differences
condition” as between conditions
control
Ohira et al., 2006 N=10 Emotion 2 sets x (10 positive, 10 BioPac Systems SC amplitude SC: All female undergraduate
(10F) regulation neutral, 10 negative) colour MP-100 measured in 10 s time Negative>positive & graduate students
IAPS photos window during image duri .
Suppression: presentation uring suppresston
Mean age: Participants N Ag/AgCI electrodes The order of the tasks not
Positive, neutral, and counterbalanced
24.22+1.72 had to R i
“suppress negative blocks randomly SC amplitude averaged
PP presented NaCl unibase during each block and | Arousal:
range: emotional electrolyte during a 1-min baseline | negative >
ge: responses eriod gat
2221 and remain | Each block: 10 photos P positive,
calm” presented for 10 s at 2-s neutral stimuli
intervals
“Attending

condition” as
control
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Eippert et al., 2007 | N=24 Emotion 2 sets: neutral (12 images, Varioport, Becker View: largest SC SC amplitude: All participants were
Healthy controls regulation low arousal) & negative (36 | Meditec difference between a View: females
images, high arousal max and a precedin .
(24F) ges, ig ) - prececing SC amplitude
View: Ag/AGCH electrod min in the induction tive > neutral
iew: . g/AgCl electrodes phase (1-3.5 s after negative > neutral
Mean age: Participants | Instructions appeared on NaCl Unibase stimulus onset) pictures
viewed images for 500 ms asking electrolyte
23.3 (range: 18- - - .
pictures participants to regulate their .
28) . . . . Suppression vs.
without emotions accordingly . Decrease: SC ; :
- Low - pass filter: 16 . induction: NS
altering differences between a .
! Hz . . . differences
emotional | ted for 6 max in the induction
reactions”’ mages presented for o s phase (1-3.5 s after
stimulus onset) anda | Subjective ratings:
Decrease: max in the regulation NS between two
ﬁt phase (4-10 s after conditions
“ar Ictpants stimulus onset)
became
detached
observers”
Lazarus & Alfert, N=69 Emotion Presentation of sub-incision  |Fels dermohmmeter SCL averaged at 15 s SCL: All participants male
1964 (69M) regulation film (17 min) without intervals Compared with the students
commenta
Y Esterline-Angus no-soundtrack
Participants recorder condition, Compared with the no-
watched Denial commentary participants who soundtrack condition,
films whilst | condition (17min) heard the participants who heard
i) listening soundtrack showed | the soundirack also
ii) or not to a lower SC levels showed more pleasant
denial mood ratings
commentary
Key: SC=Skin Conductance; IAPS= International Affective Picture System; F=females; s=seconds; SR=sampling rate; zS=micro Siemens; NS= no significant; STAI= State-Trait Anxiety
Inventory; SCRs= number of SC responses
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Findings from emotion regulation tasks

A growing number of studies has been examining the effects of down regulating
emotional responses as a common form of emotional response modulation. Lazarus
(Lazarus, 1966, 1969; Lazarus & Alfert, 1964) provided some of the first evidence in an
influential series of studies. In a seminal study, Lazarus and Alfert (Lazarus & Alfert,
1964) showed participants a filmed operative procedure while manipulating the
accompanying soundtrack. More specifically, some participants heard a soundtrack
designed to minimize the negative emotional impact of the film by denying the pain
involved in the surgery and emphasizing the joyful aspects of the procedure instead.
Other participants heard no soundtrack at all. Compared with the no-soundtrack
condition, participants who heard the soundtrack showed lower SC levels and more
pleasant mood ratings. The authors argued that leading participants to watch the film
less negatively had decreased the stressfulness of what otherwise would have been a
stressful experience. As a result, they showed attenuated SC activity.

Gross (Gross, 1998) randomly assigned a large sample of healthy volunteers to
watch a disgust-eliciting film (Ekman & Friesen, 1976) either passively or suppress
their expressive emotional behaviours so that “an observer would not know that they
were feeling anything”. Although the suppression condition was effective at
diminishing expressive behavior, it had no significant effect on subjective emotional
responses whilst leading to increased SC responses. Most interestingly, although in an
attenuated form, this effect continued into the post-film period. Kunzmann and
colleagues (Kunzmann, Kupperbusch, & Levenson, 2005) asked participants of varying
age groups to watch a neutral and a disgust-eliciting film; they were then randomly

assigned to either watch passively or suppress their expressive behavior in response to
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the presentation of a different disgust-eliciting film. Consistent with the above, the
suppression instruction although effective at diminishing expressive behavior, had no
impact on subjective experience while SC levels increased in response to the negative
film relative to the passive condition; furthermore, no age effects were found in
participants’ expressive behavior, subjective experience or SC responses.

A series of studies have replicated these findings while extending the thematic
content of positively valenced images to depict a variety of emotions, such as
amusement. In order to examine the effects of inhibiting both negative and positive
emotion, Gross & Levenson (Gross & Levenson, 1997) asked female college-aged
participants to watch sad, neutral, and amusing films (as used in Gross & Levenson,
1995). Although suppression led participants to successfully inhibit their expressive
behaviours elicited by the films, this again had no impact on subjective experience.
Moreover, an asymmetry between negative and positive emotions emerged: when
subtracting pre-film from film period scores, the negative film elicited greater SC
activity during the suppression relative to the attending condition. Nevertheless, the
amusement film didn’t reveal any significant differences between the two conditions.

In a much earlier study conducted by the same research group (Gross &
Levenson, 1993), participants were randomly assigned to watch a neutral and a short
disgust-eliciting film whilst either inhibiting the expression of their emotional responses
(suppression condition) or watching it passively (no suppression condition). Similarly,
suppression was effective at diminishing expressive behavior and had no effect on
subjective experience; again, when subtracting pre-film from film period scores, greater
increases in SC activity were elicited in the suppression group relative to participants

who attended passively to the same stimuli.
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A more diverse picture emerged however when Demaree and colleagues
(Demaree et al., 2006) randomly assigned undergraduate students to either suppress or
exert no control over their facial responses while watching a (2 minute long) disgust-
eliciting or neutral film by following the screen instructions preceding each clips
presentation. Again, response modulation had no effect on subjective emotional
experience; similarly, the suppression task elicited greater SC activity in response to the
disgust eliciting film relative to the passive condition although the difference was not
statistically significant. The authors argued that the highly arousing nature of the film
might have created a ceiling effect that would have been difficult for participants to
exceed. Indeed, the participants who modulated their responses evidenced significant
SC recovery during the post-film period whereas the attending group did not.

Another study explored the effect of regulating internal emotional experience to
images as a conscious effort to alter their emotional impact. Particularly, Ohira and
colleagues (Ohira et al., 2006) asked female participants to complete two series of
experiments. During one of them, participants had to react normally to positive,
negative and neutral images with varied arousal ratings. Then, participants had to watch
another set of images with similar valence and arousal ratings while at the same time
trying to voluntarily suppress their subjective emotional responses. Indeed, during the
suppression condition, although there was again no effect on subjective experiences, SC
amplitude in response to all image categories was significantly larger relative to the
attending task. In terms of self-report data, attending to negative pictures induced
unpleasant emotional states compared to baseline whereas during the suppression task,
emotional states did not significantly change after viewing stimuli of any valence,

suggesting that although negative stimuli had a stronger impact (than positive and
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neutral ones), participants were successful in attenuating their emotional experiences
during the suppression task.

Finally, Eippert and colleagues (Eippert et al., 2007) asked female participants to
watch two sets of neutral and highly arousing threat-related images and follow
instructions preceding each picture presentation; the instructions requested participants
to either view the pictures passively (mood induction task) or decrease their emotional
reactions (suppression) by distancing themselves from the pictures. During the
suppression condition, although SC amplitude increased in comparison to the passive
condition, this failed to reach significant difference. According to the authors’
interpretation of the results, these may add weight to an early study on emotional down
regulation of emotional responses (Lazarus & Alfert, 1964), which demonstrated that
changes in SC activity were greater when instructions were given well before than
during a threatening film presentation. It was therefore postulated that reversing the
direction of an emotional response that is already under way may require more

conscious effort than doing so well before an emotional response unfolds.

Discussion

The present review provided an overview and critical synthesis of the existing
literature examining SC activity correlates of emotional regulatory capacities in
normative populations. Findings are discussed qualitatively rather than quantitatively.

Pleasant and unpleasant pictures consistently elicited larger SC activity than
neutral images whereas no significant differences were consistently found between
pleasant and unpleasant categories, suggesting that SC activity covaries with subjective
affective arousal only when participants are exposed to highly arousing stimuli that is,

regardless of valence. When exploring the possible effects of distinct thematic contents

EledbOepva, Tevyog 6, 2013



Skin conductance activity measurements for exploring emotional processing and emotional regulatory
capacities in normative populations: An integrated review 97

of stimuli on SC activity, images depicting erotica, violence/blood and disgust appear to
elicit consistently larger SC responses compared to other ones (e.g. fear, joy). SC
activity also appeared to be affected by other factors such as ethnicity, personal
relevance, subjective interest, social context, valence and the novelty of stimuli whereas
with repeated presentations of the same images, SC activity appeared to decrease.
Similar arousal patterns of skin conductance were observed using varying exposure
times to stimuli whereas larger sizes of stimuli seemed to elicit enhanced SC activity,
although results remain less consistent (Sanchez-Navarro et al., 2006).

SC activity is closely associated with the activation of the sympathetic branch of
the autonomic nervous system. Increases from baseline activity are considered a
component of the orienting reflex (Graham & Clifton, 1966), which aims at facilitating
the perceptual processing of information regarding the state of the external environment
(Lacey, 1967). Indeed, the preferential processing of high-priority stimuli in the
environment is an essential function of selective attention. In such a way, highly
arousing contents can prompt greater orienting, sustained attention, and action
preparation, as reflected by enhanced SC activity (Bradley et al., 2007; Codispoti et al.,
2006). In line with the above, findings discussed in this review showed that highly
arousing pleasant stimuli (e.g. erotica) were more effective in capturing attentional
resources whereas stimulus-specific aversive responses for negatively valenced stimuli
(e.g. blood, violence-related) also resulted in enhanced autonomic activity (Bradley et
al., 1999; Codispoti & De Cesarei, 2007; Schupp et al., 2007).

Emotional ‘“down-regulation” or suppression appears to be associated with
increased SC activity as compared to passive emotion induction tasks, although there
were less significant effects of task demands on subjective emotional experiences. It is

possible that the level of autonomic arousal plays a rather limited role in participants’
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subjective evaluations of intensity of their emotional experiences; conversely, cognitive
appraisal of the emotional experience may be a more complex function, which may
utilize far more sources of information than the level of physiological arousal alone (e.g.
motivation, social context, subjective interest) (Stefanopoulou & Hunter, 2013a, 2013b).
The above formulation is further supported by a growing number of neuroimaging
studies (e.g. Garrett & Maddock, 2006; Hariri, Bookheimer, & Mazziotta, 2000;
Patterson, Ungerleider, & Bandettini, 2002; Williams et al., 2001) suggesting some
degree of functional specialization in ventral medial PFC-amygdala versus ventral
lateral PFC-hippocampal systems: specifically, reflective evaluation of emotional
experiences is considered to be associated with hippocampal-lateral PFC activity
whereas the amygdala-medial PFC network is considered to process primarily visceral
information concerning autonomic arousal. However, future neuroimaging and
psychophysiological studies are warranted in order to delineate further such complex
processes.

Participants’ effort to actively regulate their responses to neutral images had no
effect on SC or subjective responses, suggesting that inhibiting non emotional states
cannot produce changes in either subjective or physiological activation: the
physiological impact of active emotional regulation grows out of the counterpoising of
attempts to inhibit expression against strong impulses to express. Nevertheless, in the
absence of a stimulus that can produce such impulses to express, inhibition of ongoing
behavior may only have little physiological or behavioural impact (Gross & Levenson,
1993).

Another controversial issue in emotional regulation studies concerns the presence
of gender differences in emotional response. Existing findings support that men and

women are mostly similar in their physiological reactions to pleasant and unpleasant
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stimuli. Indeed, many studies using adjunct physiological measures in assessing
emotional arousal, such as respiratory sinus arrhythmia (RSA), EMG activity and heart
rate have also failed to find significant gender differences (Frazier et al., 2004; Kreibig
et al., 2007; Sanchez-Navarro et al., 2006; Codispoti et al., 2008). They are also
consistent with recent functional imaging studies (Caseras et al., 2007; Hamann et al.,
2004; Sabatinelli et al., 2004; Wrase et al., 2003) showing that although gender
differences were shown in amygdala and extrastriate visual cortex activation in reaction
to emotional stimuli (pictures or films), such differences were not observed in terms of
autonomic changes. Taken together, it might thus be possible that gender differences in
evaluative judgments might be due to cultural factors and reinforcement, but more
studies are needed to better clarify disconcordance between subjective self reports and
SC changes.

Similarly, there were no evident modulatory effects of age on SC correlates of
emotional responding (e.g. Kunzmann et al., 2005). The possible effects of ageing on
emotional regulation nevertheless warrants further investigation. A few studies have
examined age differences in subjective but not physiological responses during similar
tasks; for example, Malatesta-Magai and colleagues (Malatesta-Magai, Jonas, Shepard,
& Culver, 1992) reported that older people showed greater emotional expressivity when
compared with young adults suggesting therefore that the basic capacity to react
spontaneously to emotion-arousing events on a subjective and behavioral level remains
intact in old age (Lawton, 2001; Lawton, Kleban, Rajagopal, & Dean, 1992). Only a
few studies have investigated emotion regulation in adults of different ages (Gross et al.,
1997; Lawton et al., 1992); however, these studies examined beliefs about emotion
regulation rather than measuring SC correlates of emotion regulatory skills. In Gross

and colleagues’ study (Gross et al., 1997), older adults saw themselves as more
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successful in regulating their inner feelings and overt emotional expressions than
younger adults did. Similarly, in Lawton and colleagues’ study (Lawton et al., 1992),
older adults reported higher levels of emotion regulation (control of inner feelings and
behavior) than younger adults. Although these two studies provide some indication that
emotion regulation might improve in older age groups, they are based on questionnaire
data and not on observed physiological activity.
Clinical implications

Most interesting are also the clinical implications of these findings. Particularly,
there has been very little direct empirical investigation of the use of maladaptive
emotion regulation strategies in the development and/or maintenance of clinical or
subclinical symptomatology, such as anxiety or depression. Although clinical
improvement has often been associated with at least partial reversal of the above
abnormalities, the question of whether the observed psychophysiological changes are
state or trait related still remains unresolved. Further investigation of clinical
populations across acute or remitted mood states (e.g. bipolar disorder) is therefore
critically urged since it might provide valuable insight into the cognitive and neural
underpinnings of emotion regulatory processes in different clinical disorders and
healthy populations.
Future directions

Although there are multiple points of convergence across studies, there are also
many confounding factors (e.g. social context, personal relevance) which may distort
our understanding of the psychophysiological mechanisms involved in emotional
regulation.

Many arguments have also been raised suggesting that common recording,

classification and correction methods of measuring psychophysiological responses are
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critically urged in order to eliminate possible methodological differences between
studies (Alexander et al., 2005; Dawson, Schell, & Filion, 2000; Lynn, 1966).
Moreover, it was recently argued that longer recording time-periods during and after-
stimulus presentation are needed in order for the emotional suppression to become
more effective in modulating both subjective and psychophysiological responses
(Eippert et al., 2007; Garrett & Maddock, 2001).

Furthermore, despite the importance of examining subjective and
psychophysiological responses to different categories of stimuli in terms of valence and
arousal, few studies have systematically examined distinct thematic concepts within
each category (e.g. mutilation versus adventure images). Additionally, it has been
argued that although pleasant images are depicting only one thematic content (i.e.
happiness), unpleasant images are depicting many different ones (e.g. sadness, disgust,
fear, threat etc); therefore, unless unpleasant images are depicting one thematic content
only (e.g. fear), it is difficult to reliably compare between these two image categories
(i.e. pleasant versus unpleasant). Finally, almost all existing studies have examined
young healthy populations (i.e. students): it is difficult therefore to generalize existing
findings to a normative sample of a wider age range.

Finally, no study so far has provided information on the nature, duration and
strength of emotional responses elicited by differently valenced or arousing stimuli in a
large normative sample. As a result, no normative data yet exist on the
psychophysiological and behavioral correlates of such responses. Future studies
exploring the above issues further may therefore be of great theoretical and clinical

significance.



102 Evgenia Stefanopoulou

References

Alexander, D.M., Trengove, C., Johnston, P., Cooper, T., August, J.P., & Gordon, E.
(2005). Separating individual skin conductance responses in a short interstimulus-
interval paradigm. Journal of Neuroscience Methods, 146(1), 116-123.

American Psychiatric Association (2000). Diagnostic and Statistical Manual of Mental
Disorders (4™ ed., text rev.). Washington, DC: Author.

Amrhein, C., Miihlberger, A., Pauli, P., & Wiedemann, G. (2004). Modulation of event-
related brain potentials during affective picture processing: a complement to
startle reflex and skin conductance response? International Journal of
Psychophysiology, 54(3), 231-240.

Beevers, C.G., & Carver, C.S. (2003). Attentional Bias and Mood Persistence as
Prospective Predictors of Dysphoria. Cognitive Therapy and Research, 27(6),
619-637.

Bernat, E., Patrick, C.J., Benning, S.D., & Tellegen, A. (2006). Effects of picture
content and intensity on affective physiological response. Psychophysiology,
43(1), 93-103.

Bolger, N., DeLongis, A., Kessler, R., & Schilling, E. (1989). Effects of daily stress on
negative mood. Journal of Personality and Social Psychology, 57(5), 808-818.

Bradley, M.M. (2000). Emotion and motivation. In J.T. Cacioppo, L.G. Tassinary, & G.
Berntson (Eds.) Handbook of Psychophysiology (pp. 602-642). New York:
Cambridge University Press.

Bradley, M.M., Codispoti, M., Cuthbert, B.N., & Lang, P.J. (2001). Emotion and
motivation I: Defensive and appetitive reactions in picture processing. Emotion,

1(3), 276-298.

EledbOepva, Tevyog 6, 2013



Skin conductance activity measurements for exploring emotional processing and emotional regulatory
capacities in normative populations: An integrated review 103

Bradley, M. M., Cuthbert, B. N., & Lang, P. J. (1999). Affect and the startle reflex. In
M. E.

Dawson, A. Schell, and A. Boehmelt (Eds.), Startle Modification: Implications for
Neuroscience, Cognitive Science and Clinical Science. Stanford, CA: Cambridge
University Press.

Bradley, M. M., Cuthbert, B. N., & Lang, P. J. (1993). Pictures as prepulses: attention
and emotion in startle modification. Psychophysiology, 30(5),541-545

Bradley, M.M., Hamby, S., Low, A., & Lang, P.J. (2007). Brain potentials in
perception: Picture complexity and emotional arousal. Psychophysiology, 44(3),
364-373.

Bradley, M.M., & Lang, P. (2000). Measuring emotion: Behavior, feeling, and
physiology. In R.D. Lane & L. Nadel (Eds.) Cognitive Neuroscience of Emotion
(pp.242-276). New York: Oxford University Press..

Britton, J., Taylor, S., Berridge, K.C., Mikels, J.A., & Liberzon, 1. (2006). Differential
subjective and psychophysiological responses to socially and nonsocially
generated emotional stimuli. Emotion, 6(1), 150-155.

Brown, L., Bradley, M.M., & Lang, P.J. (2006). Affective reactions to pictures of
ingroup and outgroup members. Biological Psychology, 71(3), 303-311.

Caseras, X., Mataix-Cols, D., An, S.K., Lawrence, N.S., Speckens, A., Giampietro, V.,
Brammer, M.J., Phillips, M.L. (2007). Sex differences in neural responses to
disgusting visual stimuli: Implications for disgust-related psychiatric disorders.
Biological Psychiatry, 62(5), 464-471.

Cobos, P., Sanchez, M., Garcia, C., Nieves Vera, M., & Vila, J. (2002). Revisiting the
James versus Cannon debate on emotion: startle and autonomic modulation in

patients with spinal cord injuries. Biological Psychology, 61(3), 251-269.



104 Evgenia Stefanopoulou

Codispoti, M., Bradley, M.M., & Lang, P. (2001). Affective reactions to briefly
presented pictures. Psychophysiology, 38(3), 474-478.

Codispoti, M., & De Cesarei, A. (2007). Arousal and attention: Picture size and
emotional reactions. Psychophysiology, 44(5), 680-686.

Codispoti, M., Ferrari, V., & Bradley, M.M. (2006). Repetitive picture processing:
autonomic and cortical correlates. Brain Research, 1068(1), 213-220.

Codispoti, M., Surcinelli, P., & Baldaro, B. (2008). Watching emotional movies:
Affective reactions and gender differences. International Journal of
Psychophysiology, 69(2), 90-95.

Cuthbert, B., Schupp, H.T., Bradley, M.M., Birbaumer, N., & Lang, P.J. (2000). Brain
potentials in affective picture processing: covariation with autonomic arousal and
affective report. Biological Psychology, 52(2), 95-111.

Dawson, M., Schell, A., & Filion, D. (2000). The electrodermal system. In J.T.
Cacioppo, L.G. Tassinary, & G.L. Bernston (Eds.). Handbook of
Psychophysiology (pp. 200-223). Cambridge: Cambridge University Press.

Demaree, H., Schmeichel, B., Robinson, J., Pu, J., Everhart, D., & Berntson, G. (2006).
Up-and down-regulating facial disgust: Affective, vagal, sympathetic, and
respiratory consequences. Biological Psychology, 71(1), 90-99.

Eippert, F., Veit, R., Weiskopf, N., Erb, M., Birbaumer, N., & Anders, S. (2007).
Regulation of emotional responses elicited by threat-related stimuli. Human Brain
Mapping, 28(5), 409.

Ekman, P., & Friesen, W. (1976). Pictures of Facial Affect. Palo Alto, CA: Consulting

Psychologists Press.

EledbOepva, Tevyog 6, 2013



Skin conductance activity measurements for exploring emotional processing and emotional regulatory
capacities in normative populations: An integrated review 105

Frazier, T. W., Strauss, M. E., & Steinhauer, S. R. (2004). Respiratory sinus arrhythmia
as an index of emotional response in young adults. Psychophysiology, 41(1), 75-
83.

Garrett, A., & Maddock, R. (2001). Time course of the subjective emotional response to
aversive pictures: relevance to fMRI studies. Psychiatry Research: Neuroimaging,
108(1), 39-48.

Garrett, A., & Maddock, R. (2006). Separating subjective emotion from the perception
of emotion-inducing stimuli: An fMRI study. Neurolmage, 33(1), 263-274.

Graham, F.K., & Clifton, R.K. (1966). Heart-rate change as a component of the
orienting response. Psychological Bulletin, 65(5), 305-320.

Gross J.J. (1998). Antecedent-and response-focused emotion regulation: divergent
consequences for experience, expression, and physiology. Journal of Personality
and Social Psychology, 74(1), 224-237.

Gross, J.J., Carstensen, L.L., Pasupathi, M., Tsai, J., Skorpen, C., & Hsu, A. (1997).
Emotion and Aging: Experience, Expression, and Control. Psychology and Aging,
12(4), 590-599.

Gross, J.J., & Levenson, R.W. (1993). Emotional Suppression: Physiology, Self-Report,
and Expressive Behavior. Journal of Personality and Social Psychology, 64(6),
970-986.

Gross, J.J., & Levenson, R. (1995). Emotion elicitation using films. Cognition &
Emotion, 9(1), 87-108.

Gross, J.J., & Levenson, R.W. (1997). Hiding feelings: The acute effects of inhibiting
negative and positive emotion. Journal of Abnormal Psychology, 106(1), 95-103.

Gross, J.J., & Thompson, R. A. (2007). Emotion regulation: Conceptual foundations. In

J.J. Gross (Ed.), Handbook of Emotion Regulation. New York: Guilford Press.



106 Evgenia Stefanopoulou

Haman, S., Herman, R.A., Nolan, C.L., & Wallen, K. (2004). Men and women differ in
amygdala response to visual sexual stimuli. Nature Neuroscience, 7(4), 411-416.

Hariri, A., Bookheimer, S., & Mazziotta, J. (2000). Modulating emotional responses:
effects of a neocortical network on the limbic system. NeuroReport, 11(1), 43.

Houtveen, J.H., Rietveld, S., Schoutrop, M., Spiering, M., & Brosschot, J.F. (2001). A
repressive coping style and affective, facial and physiological responses to
looking at emotional pictures. International Journal of Psychophysiology, 42(3),
265-277.

Hubert, W., & de Jong-Meyer, R. (1991). Autonomic, neuroendocrine, and subjective
responses to emotion-inducing film stimuli. International Journal of
Psychophysiology, 11(2), 131-140.

Korol, B., & Kane, R.E. (1978). An examination of the relationship between race, skin
color and a series of autonomic nervous system measures. The Pavlovian Journal
of Biological Science, 13(2), 121-132.

Kreibig, S.D., Wilhelm, F.H., Roth, W.T., & Gross, J.J. (2007). Cardiovascular,
electrodermal, and respiratory response patterns to fear- and sadness-inducing
films. Psychophysiology, 44(5), 787-806.

Kunzmann, U., Kupperbusch, C., & Levenson, R. (2005). Behavioral inhibition and
amplification during emotional arousal: A comparison of two age groups.
Psychology and Aging, 20(1), 144-158.

Lacey, J. . (1967). Somatic response patterning and stress: Some revisions of activation
theory. In M.H. Appley & R. Trumbull (Eds.), Psychological stress: Issues in
research (pp. 14-42). New York: Appleton-Century Crofts.

Lane, R., Reiman, E., Axelrod, B., Yun, L., Holmes, A., & Schwartz, G. (1998). Neural

Correlates of Levels of Emotional Awareness: Evidence of an Interaction between

EledbOepva, Tevyog 6, 2013



Skin conductance activity measurements for exploring emotional processing and emotional regulatory
capacities in normative populations: An integrated review 107

Emotion and Attention in the Anterior Cingulate Cortex. Journal of Cognitive
Neuroscience, 10(4), 525-535.

Lane, R., Reiman, E., Bradley, M.M., Lang, P., Ahern, G., Davidson, R., & Schwartz,
G.E. (1997). Neuroanatomical correlates of pleasant and unpleasant emotion.
Neuropsychologia, 35(11), 1437-1444.

Lang, P. (1994). The motivational organization of emotion: Affect-reflex connections.
In S. Van Goozen, N.E. Van de Poll, J.A. Sergeant (Eds.), Emotions: Essays on
Emotion Theory (pp. 61-93). Hillsdale, NJ, England: Lawrence Erlbaum
Associates.

Lang, P.J., Bradley, M.M., & Cuthbert, B. (1995a). International Affective Picture
System (IAPS). Bethesda, MD: National Institute of Mental Health Center for the
Study of Emotion and Attention.

Lang, P.J., Bradley, M.M., & Cuthbert, B. (1995b). International Affective Picture
System (IAPS): Technical Manual and Affective Ratings. Gainesville, FL: The
Center for Research in Psychophysiology, University of Florida.

Lang, P.J., Bradley, M.M., & Cuthbert, B. (1999). International Affective Picture
System (IAPS): Affective ratings of pictures and instruction manual. Gainesville,
FL: The Center for Research in Psychophysiology, University of Florida.

Lawton, M.P. (2001). Emotion in later life. Current Directions in Psychological
Science, 10(4), 120-123.

Lawton, M.P., Kleban, M.H., Rajagopal, D., & Dean, J. (1992). Dimensions of affective
experience in three age groups. Psychology and Aging, 7(2), 171-184.

Lazarus, R. (1966). Stress, appraisal, and coping. New York: McGraw-Hill.

Lazarus, R. (1969). Patterns of adjustment and human effectiveness. New York:

McGraw-Hill.



108 Evgenia Stefanopoulou

Lazarus, R., & Alfert, E. (1964). Short-circuiting of threat by experimentally altering
cognitive appraisal. Journal of Abnormal Psychology, 69, 195-205.

Lynn, R. (1966). Attention, arousal, and the orientation reaction. Oxford, England:
Pergamon Press.

Malatesta-Magai, C.E., Jonas, R., Shepard, B., & Culver, L. C. (1992). Type A behavior
pattern and emotion expression in younger and older adults. Psychology and
Aging, 7(4), 551-561.

McManis, M.H., Bradley, M.M., Berg, W.K., Cuthbert, B.N., & Lang, P.J. (2001).
Emotional reactions in children: Verbal, physiological, and behavioral responses
to affective pictures. Psychophysiology, 38(2), 222-231.

Montagu, J. (1963). Habituation of the psycho-galvanic reflex during serial tests.
Journal of Psychosomatic Research, 52, 199-214.

Neiss, M.B., Leigland, L.A., Carlson, N.E., & Janowsky, J.S. (2007). Age differences in
perception and awareness of emotion. Neurobiology of Aging, 30(8), 1305-1313.

Norris, C., Larsen, J., & Cacioppo, J. (2007). Neuroticism is associated with larger and
more prolonged electrodermal responses to emotionally evocative pictures.
Psychophysiology, 44(5), 823-826.

Ochsner, K., & Gross, J. (2005). The cognitive control of emotion. Trends in Cognitive
Sciences, 9(5), 242-249.

Ohira, H., Nomura, M., Ichikawa, N., Isowa, T., lidaka, T., Sato, A., Fukuyama, S.,
Nakajima, T., & Yamada, J. (2006). Association of neural and physiological
responses during voluntary emotion suppression. Neurolmage, 29(3), 721-733.

Palomba, D., Sarlo, M., Angrilli, A., Mini, A., & Stegagno, L. (2000). Cardiac
responses associated with affective processing of unpleasant film stimuli.

International Journal of Psychophysiology, 36(1), 45-57.

EledbOepva, Tevyog 6, 2013



Skin conductance activity measurements for exploring emotional processing and emotional regulatory
capacities in normative populations: An integrated review 109

Patterson, J., Ungerleider, L., & Bandettini, P. (2002). Task-Independent Functional
Brain Activity Correlation with Skin Conductance Changes: An fMRI Study.
Neurolmage, 17(4), 1797-1806.

Ribeiro, R., Pompéia, S., & Bueno, O. (2006). Investigating emotion in psychiatry with
the International Affective Picture System. Revista de Psiquiatria do Rio Grande
do Sul, 28, 215-216.

Sabatinelli, D., Flaisch, T., Bradley, M.M., Fitzsimmons, J.R., & Lang, P.J. (2004).
Affective picture perception: gender differences in visual cortex? NeuroReport,
15(7), 1109-1112.

Sanchez-Navarro, J., Martinez-Selva, J., & Roman, F. (2006). Uncovering the
relationship between defence and orienting in emotion: Cardiac reactivity to
unpleasant pictures. International Journal of Psychophysiology, 61(1), 34-46.

Sarlo, M., Palomba, D., Buodo, G., Minghetti, R., & Stegagno, L. (2005). Blood
pressure changes highlight gender differences in emotional reactivity to arousing
pictures. Biological Psychology, 70(3), 188-196.

Schupp, H.T., Stockburger, J., Codispoti, M., Junghofer, M., Weike, A.l. & Hamm,
A.O. (2007). Selective Visual Attention to Emotion. The Journal of Neuroscience,
27(5), 1082-1089.

Sierra, M., Senior, C., Phillips, M., & David, A. (2006). Autonomic response in the
perception of disgust and happiness in depersonalization disorder. Psychiatry
Research, 145(2-3), 225-231.

Smith, J., Bradley, M.M., & Lang, P. (2005). State anxiety and affective physiology:
effects of sustained exposure to affective pictures. Biological Psychology, 69(3),

247-260.



110 Evgenia Stefanopoulou

Sokolov, E. (1963). Perception and the conditioned reflex: Oxford, England: Pergamon
Press.

Stefanopoulou, E., Hunter, M.S. (2013a) Does pattern recognition software using the
Bahr monitor improve sensitivity, specificity and concordance of ambulatory skin
conductance monitoring of hot flushes? Menopause, 20(11), 1133-1138.

Stefanopoulou E., Hunter, M.S. (2013b) Symptom perception in healthy menopausal
women: can we predict concordance between subjective and physiological
measures of hot flushes? American Journal of Human Biology, Ahead of print.

Vrana, S.R. (1995). Emotional modulation of skin conductance and eyeblink responses
to a startle probe. Psychophysiology, 32(4), 351-357.

Vrana, S.R., & Gross, D. (2004). Reactions to facial expressions: effects of social
context and speech anxiety on responses to neutral, anger, and joy expressions.
Biological Psychology, 66(1), 63-78.

Williams, L.M., Phillips, M.L., Brammer, M.J., Skerrett, D., Lagopoulos, J., Rennie, C.,
Bahramali, H., Olivieri, G., David, A.S., Pedutto, A., & Gordon, E. (2001).
Arousal Dissociates Amygdala and Hippocampal Fear Responses: Evidence from
Simultaneous fMRI and Skin Conductance Recording. Neurolmage, 14(5), 1070-
1079.

World Health Organisation.(1992). International Statistical Classification of Diseases
and Related Health Problems (10" Revision) (ICD-10). Geneva: WHO.

Wrase, J., Klein, S., Gruesser, S.M., Hermann, D., Flor, H., Mann, K., Braus, D.F., &
Heinz, A. (2003). Gender differences in the processing of standardized emotional
visual stimuli in humans: a functional magnetic resonance imaging study.

Neuroscience Letters, 348(1), 41-45.

EledbOepva, Tevyog 6, 2013



Skin conductance activity measurements for exploring emotional processing and emotional regulatory
capacities in normative populations: An integrated review 111

Y0 0006102.0Y1KEG HETPNOEIS COVAIGCONUATIKADY JIEPYAGIOV KAl
PLOULCTIKOVY IKAVOTHTWY TOV cvvalcOfuatos ce vyiels TAnQvouovs:

Howtiky avackonnyon tns fifloypagios.

, / 8
Evyevia Xte@avomovrov

Hepiinyn

H wavomta pdbuong tov cuvaicOnudtov avagépetal otig depyacieg mov givarl vmevBoveg yio v
OTOTEAECLLOTIKY] TTapakoAohOno™, a&lodldynon Kol TPOmMOmOiNcY TV GLUVOICHNUUTIKOV avTdpAcE®V,
TPOKELEVOL va. emTevyBel €vag otoyos. Ot dotapayés oV Kavotnta puduiong Tov cuvalsOnudtov
glvan 1o ofpo Kototedéy datapaymdv g d1decong Kot ayymodV Satapay®dv, 0tov 1 ToBOA0YIKY ELHOVT
VITOKEWEVIKDY, OC €Tl TO TAEIOTOV OPVNTIKAV, GLVOUIGONUATIKOV ovTIdpdcemy cuvdéetar pe v
ekdNA®on oALG Kat T STPNoT AVTOV TOV Kataotdoewmy. Ot yuyopuolorloyikég pébodot a&loddynong
TOV GUVAGONUATOG TOPEXOVY OVTIKEWEVIKEG LETPNOELG TNG tKavOTNTOG pOOIoNg TV cuvausOnudtoy, ot
OTOleC CULUMANPDOVOLV TIG VTOKEWEVIKEG ovapopéc. H  wyoyopvoioloywn petafint mov £xet
TPOGEAKDCEL UEYAAO EMOTNUOVIKO €VOOQEPOV GE O,TL 0QOPA oIV  KovotnTa  pOduong Tov
cuvolcOnuoTog €lval M Kataypae Tng MAEKTPOSEPUIKNG OPOCTNPLOTNTAS, KOl TO GLYKEKPLLEVO 1)
petaforln ™e ay@ydTTag TOV dEPUATOC, 1 Omoia amoTeAEl delkTn TG AELTOLPYING TOV AVTOVOUOL
vevupikod ovotiuotog. H mapovca epyocio avoaokomnong g Piproypaeiog amoterel pio kpiriky
obvbeon TOV pHEXPL OTIYUNG EPELVNTIKOY VPNUATOY 7oL €oTldlovy otV oE0AOYNoN TG GYEONS
avapeca otn dladikacio ¢ aenmplokng enegepyaciog onTik®V epeICUATOV KoL TOV TPOTO WE TOV
omoio oyetiletar pe TV mMAEKTpodepUikn dpactnpldtnta, ¢ deiktn diepyacidv  pvBuiong Tov
cuvolcHnuotog og vylelg mAnBucpodc. H mepartépo diepevvnon kKAvikK®v TANOLoUOY KaTd T dtdpKeld
o&év enelo0dimv 1 TEPLOdV VEESTG (T.)., SUTOAKY SloTOPOYT) KPIVETOL OmopaitnT, KaO®OG puropei va
TAPACYEL TOADTIUEG TANPOPOPIES CYETIKES LE TIC YVOOTIKEG KOl VEVPOPLOAOYIKEG dtadtkacieg mov eivat

vevuveg yuo T pOOUIGT TOL GLVAIGONLATOG GE SLAPOPES droTapayEs aALd Kol o€ VYiElg TAnBvopovC.

Aélerg  Klewdid:  \yoyoeuololoyia, ovvowsOnuatikny pOOpon, mMAekTpodepuikn  Spactnpldtnra,

ouvaicOnpua.
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