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Abstract

Objectives: Changes in palmar and plantar skin conductance (SC) are due to outgoing bursts in the postganglionic efferent sympathetic

cholinergic ®bres, which responds to changes in central arousal state. The purpose of this study was designed to develop a software program

for analyzing spontaneous and external elicited SC changes for infants and adults.

Methods: The program was designed to calculate the number and mean amplitude of the waves as well as the mean basal level in a given

period. Different pre-set values for the minimum amplitude, maximum slope and minimum width of the spontaneous waves were used in the

analysis program, and the results were compared with manually counted waves. The program was also used to perform coherent averaging of

repeated elicited SC changes. For the mean elicited skin conductance responses, the latency time, response amplitude and recovery time were

calculated. The habituation pattern could be calculated semi-automatically by analyzing each response.

Results: For SC waves, the minimum amplitude and the maximum slope should be, respectively, 0.02 microsiemens (mS) and 2 mS/s for

infants and adults, and the width of the waves should be at least 1 s for adults, and unlimited for infants. The coherent average method was

found to be a satisfactory method for revealing whether a subject responded to stimuli, and is recommended, especially for infants.

Conclusions: Spontaneous and stimulated skin conductance are easily analyzed by this software program. q 2000 Elsevier Science

Ireland Ltd. All rights reserved.
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1. Introduction

Spontaneous and elicited changes in skin conductance

have been suggested as a measure of neurophysiologic arou-

sal followed by activity in the sympathetic nervous system

(Wallin, 1981). These physiological changes may provide an

objective method for evaluating a persons' state of arousal

and will help detect covert changes that may escape subjec-

tive evaluation or direct observation. Moreover, these vari-

ables have been used to evaluate the reaction to pain, central

nervous system injuries and peripheral neuropathies (Glad-

man and Chiswick, 1990; Gutrecht, 1994). The neuroanato-

mical substrates of neurophysiologic arousal skin

conductance activity in humans are not well understood but

it is assumed that it is linked to increased sympathetic activity

(Tranel and Damasio, 1994). The following areas have been

found to be involved: the brain-stem reticular substance, the

hypothalamus, the premotoric cortex, the amygdala, the

hippocampus and the sympathetic preganglions (Tranel

and Damasio, 1994). Two different types of sympathetic

efferent nerve ®bres in the skin have been described: the

®bres with nor-epinephrine in the post-ganglionic synapses

lead to the smooth muscles in the vessels, and the ®bres with

acetylcholine in the post-ganglionic synapses innervate the

sweat glands. Sympathetic activation of the palmar and plan-

tar sweat glands result in increased sweat production and

sweat duct ®lling which can be measured in terms of skin

conductance or evaporation-water-loss. Thus, this provides

an indication of the emotional state (Wallin, 1981; Lidberg

and Wallin, 1981; Nilsson, 1982) and is analogous to the so-

called `galvanic skin response' or `psychogalvanic re¯ex'.

When an outgoing sympathetic nervous burst occurs, a wave

of skin conductance will follow. During spontaneous skin

conductance changes, increased number and amplitude of

the waves is interpreted as increased activity in this part of

the sympathetic nervous system (Lidberg and Wallin, 1981).

The basal level is associated both with the sympathetic
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nervous system and the properties of the skin, e.g. factors

such as degree of moisture in the stratum corneum,

membrane permeability, etc. (Fowels, 1974; Venables and

Christies, 1980). The various methods used for measuring

skin conductance changes have analyzed externally elicited

responses by measuring the latency time, amplitude and

recovery time for each stimulus (Lewis et al., 1998). There

are also some instruments that automatically analyze the

spontaneous skin conductance changes; http://www.psylab.-

com. These analyses are based on measurements in adults

and have so far not been reported in children. Skin conduc-

tance measurement is useful and of interest in clinical medi-

cine because it is simple and easily performed and can

provide information regarding the autonomic nervous

system. If the apparatus measuring skin conductance changes

is to be used as a routine apparatus for infants and adults, a

method is needed for analyzing the data automatically.

The purpose of this study was to develop a software analy-

sis program that is standardized and not time consuming both

in adults and infants. Our software program for analyzing

spontaneous skin conductance variables was designed to esti-

mate the number and mean amplitude of the waves and the

basal level (average) of the skin conductance per time period.

The program analysis was carried out using a number of

different values for the minimum amplitude, maximum

slope and minimum width of the spontaneous waves for

infants and adults, and the results were compared with

those obtained by manual counting of the waves. The soft-

ware analysis program was also used to perform coherent

averaging of the externally elicited skin conductance

responses, and the latency time, amplitude of the response,

recovery time, and the degree of habituation were calculated.

This method is described for infants and adults.

The apparatus in this study measures the skin conduc-

tance changes by applying an alternating voltage, which

reduces the requirements for low electrode polarizability

and ensures minimal in¯uence from viable skin (Grimnes,

1982, 1983, 1984; Martinsen et al., 1997; Qiao et al., 1987).

2. Methods

2.1. Subjects

Twelve adult healthy persons, age from 24 to 66 years, 6

males and 6 females, were recruited from the staff at the

National Hospital, Oslo. Twenty-three healthy infants born

to term were recruited from the Department of Obstetrics

and Gynaecology, the National Hospital, Oslo. Twelve of

them were less than 5 days old and 11 of them were 6

months old when they participated in the study.

The youngest group of infants consisted of 6 girls and 6

boys and the older group of 6 girls and 5 boys. Skin conduc-

tance changes was measured in the plantar region in the

infants and in the palmar region in the adults. Three measure-

ments in an adult person and 3 in two new-born infants were

performed on the forehead to measure the noise of the

method. Informed parental consent was obtained for each

infant prior to inclusion in the study. The adults also had to

give their consent prior to participation in the study. The

National Ethics Committee approved the study.

2.2. Apparatus

The ratio current/voltage, which re¯ects the ability to

conduct alternating electrical current, is termed admittance.

Admittance can be split into two parts; conductance which

is in phase with the applied voltage, and susceptance which

is 908 out of phase.

The exosomatic electrodermal activity was measured in

terms of 88 Hz electrical conductance. Conductance was

preferred to resistance because of the parallel nature of the

electrical polarization and conduction in the skin (Grimnes,

1982). Low-frequency electrical conductance re¯ects the

ionic conduction in the stratum corneum, which is largely

determined by sweat duct ®lling (Grimnes, 1984; Martinsen

et al., 1997). An important point, which is often confused in

the literature, is that electrical resistance is the inverse of

conductance only in the case of direct current (DC). Alter-

nating current (AC) resistance is a function of both conduc-

tance and susceptance. The choice of conductance instead of

resistance is therefore crucial. A frequency of 88 Hz is

suf®cient high to signi®cantly reduce the requirements for

low electrode polarizability, but also low enough to ensure

minimal in¯uence from other layers of the skin than the

stratum corneum (Martinsen et al., 1997). An applied

voltage of 50 mV and a 3-electrode system were used to

allow unipolar measurement (Grimnes, 1983). The highest

current density was 2.5 mA. The 3-electrode system

comprises a measuring electrode (M), a counter current

electrode (C) and a reference voltage electrode (R), which

ensures a constant applied voltage across the stratum

corneum beneath the M electrode. As long as the electrodes

are placed palmar and plantar at appropriate the same areas

the distance between them are not important because of the

high density of the sweat glands in these areas. The resulting

current through the M electrode was converted to a voltage

in a transresistance ampli®er, and a synchronous recti®er

was used to decompose the signal into conductance and

susceptance. Thus another advantage of this AC technique

over DC measurements is that the susceptance data are read-

ily available. They were not used in this study but may

contain valuable information (Qiao, 1987).

An optical coupler was developed to conform to the safety

regulations given in IEC 60601. Beckman electrodes with

sensormedicis nr 650418 were used. The electrodes were

attached to the skin by disks of double-sided adhesive tape

from 3M, Minnesota, USA. Conductive paste from the

National Hospital Pharmacy, containing 6 g hydroxyetylcel-

lulose 700, 0.58 g NaCl, 0.1 g metylparahydroxybenzene, 0.1

g propylparahydroxybenzene, 2 g Spiritus 96% in ion-free

water ad 100 g, was used to improve electrode conductance.

H. Storm et al. / Clinical Neurophysiology 111 (2000) 1889±18981890



The auditory stimulus consisted of white noise, 2-s dura-

tion, 74.6 dB. The loudspeaker was 30 cm from the subjects'

right ear.

2.3. Software program

The data were stored on line using a portable computer,

Compaq Armada, and were analyzed off line by means of a

software analysis package. The speci®cations on the AD

converter were sample frequency of 50 Hz and resolution

of 12 bits. The skin conductance activity software analysis

program was carried out in Labview, National Instruments,

USA, and developed by the present authors. The program

recorded and counted the number of waves per second, by

de®ning the valleys and peaks, and calculated the mean of

the amplitudes of the waves and the mean basal level in the

studied period for the spontaneous skin conductance activ-

ity. The valleys and peaks were established when the deri-

vate of the wave was 0. The amplitude of the wave was

calculated from the bottom of the valley prior to the peak

to the height of the peak. The slope was de®ned as the mean

distance valley to the peak/time to reach peak. The width of

the wave de®ned the number of measured data points

following directly after a valley, to be used in the analysis

of the wave. Broad widths can reduce the apparent ampli-

tude of peaks and alter the apparent location. The program is

based on an algorithm that ®ts a quadratic polynomial to

sequential groups of datapoints. The number of data points

used in the ®t was speci®ed by width. For each peak or

valley, the quadratic ®t was tested against the threshold

level: peaks with heights below threshold or valleys with

troughs above threshold are ignored.

The program contained a function that enabled us change

these values, and we used this to try out different pre-set

values for the minimum amplitude, maximum slope and

minimum width of the waves. The results using the pre-

set values were compared to the manual counting. The soft-

ware analysis program could also analyze smaller segments

of the registered data. This function was used if artefacts

were found. Moreover, in order to examine details of the

registered data, a particular time period during registration

could be chosen and expanded. This function was used

during manual counting of the number of waves.

The program was designed to use coherent averaging, a

method that neutralizes all spontaneous waves by superim-

posing the different responses and calculating the mean

response to external stimuli. In this way one could identify

whether the infant responded to the sound administered.

Each auditory stimulus was analyzed from 5 s prior to,

and 10 s after the auditory stimulation was administered.

The program recorded the amplitude of the response, the

latency time and the recovery time. The amplitude was

calculated in the same way as the amplitudes during the

spontaneous activity. A latency time window from 0.5 to

5 s was used. The recovery time was calculated from the

peak of the response until the skin conductance level had

been reduced by half of the response amplitude. Repeated

responses were analyzed to evaluate habituation. Med-

Storm Innovation, Oslo, Norway, commercially develop

the apparatus and the software program.

2.4. Testing the subjects

Testing was conducted at the Children's Clinic, the

National Hospital, Oslo. To measure the noise level of the

method, spontaneous skin conductance activity was

measured for 5 min on the forehead of one adult and of

two infants. The C and M electrodes were fastened on the

forehead over the top of the curve of the eyebrow, and the R

electrode was fastened directly beneath the right eye. The

forehead is known for its lack of skin conductance activity

under normal temperature conditions.

To measure skin conductance activity associated with the

emotional state, electrodes were fastened to the adults' right

hand at least 3 min before the measurement was to take

place. The C-electrode was placed on the thenar eminence,

the M-electrode on the hypothenar eminence and the R-

electrode on the dorsal side of the hand. For the infants

the electrodes were fastened to the right foot at least 3

min before measuring. The C-electrode was placed on the

medial right side of the foot over the abductor hallucis

muscle adjacent to the plantar surface, the M electrode

was placed midway between the ®rst phalanx and a point

directly beneath the ankle, and the R-electrode was placed

on the dorsal side of the foot. These areas are in accordance

with the Edelberg guidelines for placement of electrodes in

order to obtain the most sensitive measurement (Edelberg,

1967). Spontaneous skin conductance changes were

measured for 3 min, and the skin conductance changes

during auditory stimulation were recorded after the sponta-

neous measurement. During this period the subjects were

exposed to 10 auditory stimulus, after 0, 25, 60, 100, 130,

155, 180, 200, 215 and 235 s.

2.5. Measurement of the noise of the spontaneous skin

conductance changes

A Microsoft-Excel program converted 5 min of recorded

data on the forehead. First, a linear part of the recording was

identi®ed, and then a trend removal was performed to elim-

inate the slope of the line. The standard deviation was calcu-

lated from these converted data, and the threshold was ®xed

at least two SD above the noise level. The levels found by

this method were compared with the thresholds found when

the data from the software analysis program were compared

with the data from manual counting.

2.6. Analysis of the data from the spontaneous skin

conductance changes measured in the palmar or plantar

region

In order to eliminate noise from the method, different de®-

nition of minimum amplitude and width of the skin conduc-
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tance waves were tried out in the software analysis program,

and the results were compared with manual counting of the

number of waves per time period. To eliminate artefacts

resulting from slipping of the electrodes, the slope of the

waves were also examined. The spontaneous skin conduc-

tance changes was analyzed separately for adults, 6-month-

old infants and new-born infants, using the minimum ampli-

tude values 0.01, 0.02, 0.05, 0.10, and 0.20 microsiemens

(mS) and unlimited width of the waves. The slope of the

waves was set to 1 or less, 2 or less and 5 or less mS/s.

When the optimum minimum amplitude and slope had

been found, the optimum width of the waves were deter-

mined. The recommended optimum of between 0.7 and 1 s

in adults was chosen (Burch, 1963), and the widths used were

thus either unlimited or at least 0.7 and 1 s. These de®nitions

were incorporated into the software analysis program and the

results were compared with manual counting of the waves.

The mean amplitude and mean basal level were not measured

manually because this would be very time consuming to

obtain correct results. To obtain the mean amplitude and

the mean basal level that corresponded to the manual count-

ing, the pre set values of the analysis program which repre-

sented the manually counted number of waves, were used to

calculate the corresponding amplitude and basal level.

2.7. Analysis of the data from the externally elicited skin

conductance changes measured in the palmar or plantar

region

The external elicited skin conductance changes was

analyzed by coherent averaging in the software analysis

program (Toska et al., 1994). During stimulation, it is dif®-

cult to know whether the ®ndings re¯ect a reaction to the

stimuli or a spontaneous wave. Therefore, all the stimuli

were superimposed, and the mean reaction to the sound

was calculated. In this way the spontaneous waves were

neutralized (coherent averaging). The software program

analyzed the mean response of the 10 stimuli by calculating

latency time, the amplitude of the response and the recovery

time. The program also calculated the latency time, the

amplitude and the recovery time for each response, so that

any habituation pattern could be investigated.

3. Statistics

The differences between automatically and manually

determined number of impulses were subjected to a two-

factor ANOVA (factor 1�minimum amplitude threshold,

factor 2� slope threshold) with interaction term. Signi®-

cant differences were examined by a post hoc test. The

relationship between automatically and manually deter-

mined values were further examined by ®rst order linear

regression analysis between the number of waves counted

by the software analysis program (Yi) and the number

counted manually (Xi) according to the model:

Y i � a 1 bXi 1 ei. The degree of correspondence was

assessed from the results of the regression analyses and

the following values determined: the magnitude of r2, a

and b. R2 should be close to 1, and a and b should not be

signi®cantly different from 0 and 1, respectively. When the

optimum slope and minimum amplitude were found the

number per second and mean amplitude of the spontaneous

waves was calculated with the software analysis program.

Data obtained using the pre-set values representing this

optimum were analyzed if their deviation was less than 5

or 10% from the manually counted data. The optimum width

of the waves was investigated on the basis of the results

obtained using the optimum minimum amplitude and

slope level. The number of waves was counted in the soft-

ware analysis program using different de®nitions of the

widths of the waves. These results were analyzed if they

deviated less than 5 or 10% from the data based on manually

counted results. This was done separately for the adults, the

6-month-old infants and the new-born infants.

When analyzing the spontaneous skin conductance

changes in adults, some sine-like waves were found. Linear

regression analyses were performed to examine if the

frequency of these waves were dependent on the subjects'

basal skin conductance level or the age of the adult subjects.

All the statistics were calculated using Stat Graphics and

Microsoft-Excel program-97.

4. Results

4.1. Determination of noise level. Recordings from skin

areas on the forehead, known to be devoid of spontaneous

skin conductance changes

The 3 measurements from the adult person contained 936,

248 and 753 time points, and one standard deviation was

0.002169, 0017, 00275 mS, respectively. The 3 measure-

ments from the infants contained 125, 625, and 438 time

points, and one SD was 0.00176, 0.00275 and 0.00363 mS,

respectively.

4.2. Spontaneous skin conductance changes

4.2.1. Adults

When the spontaneous skin conductance changes was

analyzed for adults, the slope of the waves did not in¯uence

the counted number of waves (P � 0:99), but the minimum

amplitude threshold did (P , 0:001). The pre-set minimum

amplitude that corresponded best to the results from the

manual counted number of waves was 0.02 mS,

r2 � 0:996, ®rst order regression coef®cient� 1.02,

a � 0:004, P , 0:001 (Fig. 1; Table 1). With a minimum

amplitude of 0.02 mS and a wave slope of 1, 2 or 5 mS/s,

83% of the subjects deviated by less than 5%, and 92% of

the subjects by less than 10% from the manual counted

results (Fig. 2b; Table 2). With minimum amplitude of

0.01 mS, some electrical noise was also counted (Fig. 2a).

Moreover, when using minimum amplitude of 0.05 mS
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(Fig. 2c) or 0.1 mS (Fig. 2d), some of the spontaneous skin

conductance changes was lost. During the registration of

skin conductance changes in adults, sine-like waves were

found for a maximum of 10% of the time of registration

(Fig. 3a). These waves had a frequency from 1.1 to 5.6

Hz. The waves were not correlated to the subjects' basal

skin conductance level (P � 0:916) or the age of the adult

subjects (P � 0:11). They had rapid slope rise and dimin-

ished more rapidly than the typical skin conductance waves,

which have usually been found by visual inspection to have

a rapid slope rise and a slower slope fall. These waves were

mostly eliminated if the width of the waves was set at least

0.7 s (Fig. 3b) or, better, at least 1 s (Fig. 3c). The pre-set

minimum amplitude and slope were 0.02 and 2 mS/s. When

the width of the skin conductance waves was set at least 1 s,

these sine-like waves were excluded and all the spontaneous

skin conductance waves were included. This was found in

83% of the subjects with less deviation than 5 and 10% from

the manually counted results (Table 3).

4.2.2. Six-month-old infants

When the spontaneous skin conductance changes was

analyzed in the 6-month-old-infants, both the slope

H. Storm et al. / Clinical Neurophysiology 111 (2000) 1889±1898 1893

Table 1

Analysis of the spontaneous skin conductance changesa

Linear regression n r2 a P(a) b P(b)

Adults 12

Slope 2 mS/s:

Threshold: 0.01 mS: 0.82 0.145 � 0.007 1.28 ,0.001

0.02 mS: 0.996 0.004 0.43 1.02 ,0.001

0.05 mS: 0.75 0.007 0.66 0.39 ,0.001

0.1 mS: 0.52 0.011 0.24 0.13 � 0.008

0.2 mS: 0.17 0.012 0.23 0.06 0.18

Infants, 6 months 11

Slope 1 mS/s:

Threshold: 0.01 mS: 0.64 0.083 0.16 0.63 � 0.003

0.02 mS: 0.77 0.045 0.33 0.70 ,0.00 1

0.05 mS: 0.84 0.012 0.75 0.73 ,0.001

0.1 mS: 0.85 0.011 0.75 0.66 ,0.001

0.2 mS: 0.76 0.009 0.81 0.58 ,0.001

Slope 2 mS/s:

Threshold: 0.01 mS: 0.97 0.037 0.07 0.93 ,0.001

0.02 mS: 0.998 0.002 0.77 1.0 ,0.001

0.05 mS: 0.98 0.034 0.07 1.02 ,0.001

0.1 mS: 0.95 0.035 0.20 0.95 ,0.001

0.2 mS: 0.92 0.037 0.23 0.87 ,0.001

Slope 5 mS/s:

Threshold: 0.01 mS: 0.92 0.032 0.38 1.03 ,0.001

0.02 mS: 0.92 0.007 0.86 1.10 ,0.001

0.05 mS: 0.88 0.039 0.43 1.12 ,0.001

0.1 mS: 0.83 0.041 0.47 1.06 ,0.001

0.2 mS: 0.80 0.042 0.48 0.98 ,0.001

Infants, new-born 12

Slope 2 mS/s:

Threshold: 0.01 mS: 0.98 0.058 0.005 0.98 ,0.005

0.02 mS: 0.998 0.007 0.26 1.00 ,0.001

0.05 mS: 0.98 0.025 0.14 0.84 ,0.001

0.1 mS: 0.21 0.046 0.34 0.20 0.14

0.2 mS: 0.17 0.026 0.48 0.14 0.18

a First order linear regression analysis were performed between the

results of the number of waves from the software analysis program (Yi)

and the manual counting (Xi) according to the model: Y i � a 1 bXi (a

should be close to 0. P(a) shows when a is signi®cant different from 0. b

should be close to 1, P(b) shows when b is not signi®cant different from 1).

An ANOVA test showed for adults and new-borns that the slope did not

in¯uence the results, therefore only the results from the slope of 2 mS/s are

shown.

Fig. 1. The linear regression analysis for the slope of 2 mS/s and the mini-

mum amplitude of 0.01, 0.02, 0.05, 0.1, 0.2 mS shown for adults (a), 6-

month-old infants (b), and new born infants (5 days) (c).



(P , 0:001) and minimum amplitude threshold (P , 0:001)

in¯uenced the counted number of waves. The optimum pre

set value of the software analysis program seemed to be a

minimum amplitude of 0.02 mS and a slope of 2 mS/s

compared to manual counting, r2 � 0:998, ®rst order

regression coef®cient� 1.0, a � 0:002, P , 0:001 (Fig. 1;

Table 1). Moreover, with minimum amplitude of 0.02 mS

and a slope of 2 mS/s, 91% of the subjects deviated less than

5 and 10% from the manual analyzed results (Table 2). The

results for these infants were essentially the same as for

adults with regard to the minimum amplitude values (Fig.

2). The spontaneous skin conductance changes with a sine

wave like pattern was not found in these infants. These

infants were more active than the adults and the electrodes

sometimes loosened from the skin. The artefacts that were

found in these situations were best eliminated with a slope

of 2 mS/s (Fig. 4b). A slope of 1 mS/s also eliminated some

of the spontaneous skin conductance changes (Fig. 4a), and

a slope of 5 mS/s did not eliminate all the artefacts (Fig. 4c).

The different widths of the skin conductance waves were

H. Storm et al. / Clinical Neurophysiology 111 (2000) 1889±18981894

Fig. 2. Different minimum amplitudes of spontaneous skin conductance

(SC) were tried out in the software analysis program and compared with

manual counting. The arrows point out the waves that should be counted. In

(a), the pre-set value of the minimum amplitude is 0.01 mS and some

methodological noise is counted as skin conductance waves. In (b), the

pre-set value of the minimum amplitude is 0.02 mS and all the spontaneous

skin conductance activity are measured. In (c), the pre-set value of the

minimum amplitude is 0.05 mS, but not all the spontaneous skin conduc-

tance waves are measured. In (d), the pre-set value of the minimum ampli-

tude is 0.1 mS and even more of the spontaneous skin conductance waves

are lost.

Fig. 3. In adult persons some sine-like waves were seen among the sponta-

neous skin conductance (SC) waves. We tried to eliminate these waves by

changing the pre-set value of the width of the waves. The arrows point out

the waves that should be counted. In (a), the pre-set value of the width of the

waves is unlimited, and the sine-like waves are counted. In (b), the pre-set

value of the width of the waves is 0.7 s or more, and some of the sine-like

waves are eliminated. In (c), the pre-set value of the width of the waves is

1.0 s or more, and most of the sine-like waves are eliminated.



compared with the manual counted results using a minimum

amplitude pre-set value of 0.02 mS and a slope pre-set value

of 2 mS/s. When the width of the waves was unlimited (Fig.

5a), 91% of the subjects deviated less than 5 and 10% from

the manually analyzed results (Table 3). If the width of the

waves was de®ned to be at least 0.7 s (Fig. 5b) and 1.0 s

(Fig. 5c), some of the spontaneous waves were not counted

(Table 3).

4.2.3. New-born infants

When the spontaneous skin conductance changes was

analyzed in the new-born infants, the slope of the waves

did not in¯uence the counted number of waves (P � 0:95),

but the minimum amplitude threshold did (P , 0:001)

(Table 1). The optimum pre set value seemed to be a mini-

mum amplitude of 0.02 mS compared with manual counting,

r2 � 0:998, ®rst order regression coef®cient� 1.00,

a � 0:007, P , 0:001 (Fig. 1; Table 1). Moreover, with

minimum amplitude of 0.02 mS and a slope of 2 mS/s,

100% of the subjects deviated less than 5 and 10% from

the manual counted results (Table 2). The results from

these infants were also essentially the same as those for the

adults with regard to the minimum amplitude values (Fig. 2).

The spontaneous skin conductance changes with a sine wave

like pattern was not found in these infants, as with the 6-

month-old infants. The results using different de®nitions of

the widths of the skin conductance activity waves were

compared with manual counts of the waves using pre-set

values of 0.02 mS for the minimum amplitude and 2 mS/s

for the slope. When the width of the waves was unlimited,

100% of the subjects deviated less than 5 and 10% from the

manual counted results (Table 3). If the width of the waves

were de®ned as being at least 0.7 and 1.0 s, some of the waves

were not counted (Table 3), as with the 6-month-old infants.

4.2.4. The number per second and mean amplitude of the

waves and mean basal level of the spontaneous skin

conductance waves using the optimum threshold levels in

the different groups of subjects

For both infants and adults minimum amplitude of 0.02

mS and a maximum slope of 2 mS/s are the optimum pre-set

values. For the adults the optimum width of the waves

should be at least 1 s, and for infants the width of the

waves should be unlimited. The result form these pre-set

values are shown in Table 4.
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Table 2

How the results from the subjects found in the software analysis program correspond with the results of the manual analysis when different de®nitions of the

thresholds and slopes of the spontaneous skin conductance changes were used

Slope (mS/s) 1 2 5

Minimum amplitude (mS) 0.01 0.02 0.05 0.1 0.2 0.01 0.02 0.05 0.1 0.2 0.01 0.02 0.05 0.1 0.2

Adults

^ 5% 8% 83% 8% 8% 8% 8% 83% 8% 8% 8% 8% 83% 8% 8% 8%

(Con®dence interval) 0±23 72±94 0±23 0±23 0±23 0±23 72±94 0±23 0±23 0±23 0±23 72±94 0±23 0±23 0±23

^ 10% 8% 92% 8% 8% 8% 8% 92% 8% 8% 8% 8% 92% 8% 8% 8%

(Con®dence interval) 0±23 84±100 0±23 0±23 0±23 0±23 84±100 0±23 0±23 0±23 0±23 84±100 0±23 0±23 0±23

Infants, 6 months

^ 5% 9% 45% 9% 0% 0% 54% 91% 36% 9% 0% 18% 64% 9% 0% 0%

(Con®dence interval) 0±25 16±74 0±25 25±83 75±100 8±64 0±25 0±41 36±92 0±25

^ 10% 27% 54% 9% 0% 0% 64% 91% 54% 9% 0% 36% 64% 18% 0% 0%

(Con®dence interval) 1±53 25±83 0±25 36±92 75±100 25±83 0±25 8±64 36±92 0±41

New-born

^ 5% 8% 58% 0% 0% 0% 16% 100% 0% 0% 0% 8% 66% 0% 0% 0%

(Con®dence interval) 0±23 31±85 0±37 0±23 39±93

^ 10% 16% 66% 0% 0% 0% 16% 100% 16% 0% 0% 8% 75% 8% 0% 0%

(Con®dence interval) 0±37 39±93 0±37 0±37 0±23 51±99 0±23

Table 3

Shows how the results from the subjects found in the software analysis

program correspond with the results of the manual analysis when different

de®nitions of widths of the waves were used

Width of the waves 0 s 0.7 s 1.0 s

Adults (n� 12)

^ 5% 8% 50% 83%

(Con®dence interval) 0±23 22±78 72±94

^ 10% 8% 50% 83%

(Con®dence interval) 0±23 22±78 72±94

Infants, 6 months (n� 11)

^ 5% 91% 0% 0%

(Con®dence interval) 75±100

^ 10% 91% 9% 0%

(Con®dence interval) 75±100 0±25

Infants, new born

^ 5% 100% 16% 16%

(Con®dence interval) 0±37 0±37

^ 10% 100% 16% 16%

(Con®dence interval) 0±37 0±37



4.2.5. External elicited skin conductance analyzed by

coherent average

The externally elicited skin conductance changes were

analyzed in adults and infants by using a coherent average

algorithm in the software analysis program (Toska et al.,

1994). When all the stimuli were superimposed, the mean

of the responses was calculated and the spontaneous skin

conductance changes was eliminated for adults (Fig. 6a,b)

and for infants (Fig. 7a,b). The mean latency time, the
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Fig. 4. The vigorous movements of 6-month-old infants can give rise to

artefacts because the electrodes were loosened from the skin. We tried to

eliminate these artefacts by changing the pre-set value of the slope of the

waves. The arrows point out the areas with artefacts. In (a), the pre-set value

of the slope of the waves is 1 mS/s or less, and the artefacts as well as some

of the skin conductance activity (SC) waves are eliminated. In (b), the pre

set value of the slope is 2 mS/s or less, and only the artefacts are eliminated.

In (c), the pre set value of the slope is 5 mS/s or less, and not all the artefacts

are eliminated.

Fig. 5. In infants the different widths of the waves were tried out and

compared with the manual count. The arrows point out the waves that

should be counted. In (a), the pre-set value of the width of the waves is

unlimited, and all the skin conductance (SC) waves are counted. In (b), the

pre set value of the width of the waves is 0.7 s or more, and some of the skin

conductance waves are not counted. In (c), the pre-set value of the width of

the waves is 1.0 s or more, and even fewer skin conductance waves are

counted.

Table 4

Shows how the mean basal level (mSiemens), the number of waves per second and the mean amplitude during the registration of spontaneous skin conductance

was distributed in the different groups studied

New-born infants 6-month-old infants Adults

Basal level Number/s Amplitude Basal level Number/s Amplitude Basal level Number/s Amplitude

Mean 18.5 0.16 0.21 49.5 0.35 1.2 8.1 0.08 0.19

SD 17.6 0.13 0.24 34.3 0.16 0.56 4.4 0.06 0.14



amplitude and the recovery time were calculated automati-

cally in the software analysis program. In order to discover

any habituation pattern, each response could be analyzed

separately, including its latency time, amplitude and recov-

ery time, in the order in which the stimuli were administered

(Fig. 8). The stimulated skin conductance changes were

analyzed using minimum amplitude of 0.02 mS, a slope of

2 mS/s and an unlimited width for the waves.

5. Discussion

This study has shown that for both infants and adults

minimum amplitude of 0.02 mS and a slope of 2 mS/s or

less are the optimum pre-set values if the program is to

eliminate noise and artefacts of the method. Repeated

sine-like waves were discovered in adults only. Accepting

only waves with widths of at least 1 s eliminated these

waves. These sine-like waves were not found in infants,

and a width of at least 1-s would in these cases also elim-

inate some of the spontaneous skin conductance waves.

Thus for infants it is recommended that the width of the

waves should be unlimited.

The sine-like waves found in the adults are probably not a
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Fig. 6. (a) External elicited skin conductance (SC) in adults is shown. The

10 responses to sounds are shown by dotted lines. In (b), coherent average is

used to analyze the responses and the mean response is shown in the lowest

window. Here the latency time, the amplitude and the recovery time are

calculated for the mean response. The lowest and highest points of the

response are also indicated. The sound stimuli are marked with an arrow.

Fig. 7. In (a), externally elicited skin conductance (SC) changes in infants is

shown. The 10 responses to sounds are shown by dotted lines. In (b),

coherent average is used to analyze the responses and the mean response

is shown in the lowest window. Here the latency time, the amplitude and the

recovery time are calculated for the mean response. The lowest and highest

points of the response is also indicated. The sound stimuli are marked with

an arrow.

Fig. 8. In order to investigate a single elicited response, the latency time, the

amplitude, and the recovery time are calculated. The lowest and highest

points of the response are also indicated.



property of the apparatus, because the waves have different

frequencies in the same individual. The skin conductance

level or the age of the adults did not in¯uence these waves.

The optimum amplitude was found to be 0.02 mS. This is

about 10 times one SD of the recordings from the forehead.

With minimum amplitude of 0.02 mS, most of the noise

seems to be eliminated.

In adult persons it may be fairly easy to determine manu-

ally whether there has been a response to an external stimuli,

because the amplitude of the ®rst response to repeated

stimuli is usually higher than the spontaneous skin conduc-

tance changes (Fig. 6). In infants this is more dif®cult to

determine, because the amplitude of the ®rst response to

repeated stimuli is often not higher than the spontaneous

skin conductance changes (Fig. 7). Thus the coherent aver-

age method was very helpful for determining whether or not

there had been responses to repeated stimuli, especially in

infants (Fig. 7).

The conductance amplitude with the use of an AC is

generally higher than that obtained with DC excitation

and both have a higher sensitivity than measurements of

skin potential. The biphasic nature of skin potential

responses makes amplitude measures dif®cult to interpret,

and the sensitivity of skin potential levels to hydration

effects is probably greater than that of skin conductance

(Fowles et al., 1981). Moreover, the choice of AC reduces

the electrode polarization that results from alternating the

direction of current. The disadvantage is that the shunt

provided by the capacitative properties of the stratum

corneum results in an increase in measured conductance

due to dielectric loss. Therefore, the absolute measurements

of levels obtained with an AC system will be greater than

those that would have been obtained with conventional DC

methods. However, when measuring frequencies of skin

conductance responses or for assessing changes in skin

response amplitude in, for example, habituation or condi-

tioning studies, voltages not higher in frequency than about

500 Hz are acceptable (Fowles et al., 1981). In the apparatus

in this study 88 Hz was used.

An apparatus following the equipment standard IEC

60601, together with the software analysis program devel-

oped in this study, is sensitive and easy to use in both infants

and adults. The pre-set values should be 0.02 mS for the

minimum amplitude and 2 mS/s for the slope for infants

and adults. The width of the waves should be at least 1 s

for adults, and unlimited for infants. The coherent average

method was found to be a satisfactory method for determin-

ing whether a subject had responded to the stimuli. This was

especially true for infants.
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