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ABSTRACT 

 

This paper displays standardized measurements to examine the skin conductance level (SCL) as an index 

for the sympathetic nervous system’s activity considering a possible standardization of personal variability. 

SCL measurements were performed at baseline, Cold-Pressor-Tests and Stroop Tests for 15 subjects and 

inter- and intra-individual mean SCL values were examined. The logarithmic representation displays a 

high inter-individual variability, denoted by a high fluctuation range of the absolute values and SCL 

amplitudes. A standardization of inter-individuality could not be achieved by the applied methods (range 

correction and z-transformation). For the relative intra-individual comparison of the stress situation to the 

baseline, a method of correction for the determination of the real effect of sympathetic activation was 

established. EDA should be combined with other parameters of the ANS for a more precise evaluation of 

stress situations in the context of changes in blood pressure. 
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1. SITUATION 
 
Continuous high blood pressure is the No. 1 risk factor for cardiovascular diseases [1], because 

the asymptomatic course of hypertension can remain unrecognized until initial organ damage 

arises. The chronic activity of the sympathetic nervous system, a subsystem of the ANS, can be 

considered a critical risk factor of hypertension. Due to the ergotropic effect of the sympathetic 

nervous system, each sympathetic activation can result in an increase of blood pressure. 

 
For the retrospective analysis of blood pressure data, it is useful to measure sympathetic nervous 

activity as well as continuous blood pressure. Blood pressure fluctuations can then be compared 

with possible sympathetic activities. While an increased blood pressure under physical exertion is 

quite common, it is more likely to be pathological under normal conditions, meaning that is when 

there are no cognitive, mental or emotional triggers. To allow for such analysis a device was 

designed that can measure both blood pressure and electrodermal activity (EDA) simultaneously. 

This device is a portable blood pressure monitor that enables an in-depth analysis with arterial 

blood pressure measurement on the finger according to Peñáz [2] method. 
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Electrodermal activity has become a psychophysiological standard method for the measurement 

of sympathetic activity [3]. Because of the integration of central nervous processes into the 

vegetative sweat gland activation, EDA reflects primarily psychophysical activations [4]. Thus, 

EDA is an appropriate indicator of psychological states. It can be influenced by both external and 

internal factors; it reflects changes in mood, by immediately and sensitively changing. Some 

authors describe an influence of temperature, gender or age on EDA measurement [3, 5–7] whose 

reliability is not established in all studies. It is therefore difficult to compare the studies in order 

to define a consensus. It is certain that EDA has high intra- and inter-individual fluctuations due 

to permanent variations in people’s moods and changes of environmental factors. 

 
The SCL (skin conductance level) and SCR (skin conductance response) are two characteristic 

parameters of EDA that represent phasic and tonic components. The SCRs are short, phasic 

electrodermal responses that increase within one second after a discrete stimulus (Figure 1). The 

tonic component of skin conductivity is the skin conductivity level (SCL). A slight change in the 

value range is characteristic for this parameter. The absolute values of the SCL can vary from 2 to 

100 µS, yet have a mainly individual continuity. Reasons for increases in the skin conductance 

level are multivariate: Both cognitive and emotional stress triggers a response from the SCL. 

Therefore, this "basic measure" is also referred as the general "arousal" of a person [3, 4, 8]. 

 
Figure 1.  Smooth SCL (tonic phase) is interrupted by a rapid rise in skin conductance (SCR, or phasic 

phase) due to a stimulus. Subsequently, the skin conductance attains a new SCL, which is usually higher 

than the pre-stimulus level. Adapted from [9] 

Furthermore, skin conductive responses can be spontaneous and stimulus independent, called 

non-specific skin-conduction reactions (NS.SCR). The frequency of the NS.SCRs is determined 

under resting conditions and is a tonic parameter that indicates the stress state of a person. 

 
The continuous monitoring of blood pressure and EDA combined with data analysis to extract the 

desired clinical information can avoid an unnecessary and potentially harmful therapy or the 

omission of a required therapy. However, monitoring EDA as a significant biofeedback for 

sympathetic activity requires a comparable evaluation of the EDA data. The major problem when 

it comes to the comparison is the high personal variability of the EDA data. On the one hand, it is 

caused by physiological properties, on the other hand by a variety of technical methods. Against 

this background EDA is measured under own standardized conditions in order to examine the 

data for intra- and inter-individual comparability / standardization possibilities. 

 

2. METHODS 
 
Only healthy, male and female volunteers aged between 18 and 45 years were included in the test 

series. The recruiting of the subjects took place via direct approach of persons studying or 

working at the Fachhochschule Münster. 
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2.1. Procedure 
 

A standardized series with three test conditions, a relaxing situation (baseline) and two different 

stress situations, was carried out to investigate the personal variability. 

 
For a relative analysis of changes in EDA, the stress situations are compared with the baseline. 

The baseline was recorded for 10 minutes for each person at the beginning of the test series: 

Participants were asked to sit quietly on a chair. Subsequently, physical (cold-pressor-test [12, 

13]) and cognitive (Stroop-test [14]) stimuli were applied for three minutes each and repeated 

three times. Before the first stress stimulus was introduced, a rest measurement of five minutes 

was performed and between the repetitions, two minutes of rest were measured. 

 
For the physical stress situation (cold-pressor-test), the subjects were asked to hold their hand (up 

to the wrist) in cold ice water (0 – 4 °C). In the cognitive stress test (Stroop-test), participants 

were shown color words presented in colors that were or were not congruent to the color word. In 

the Stroop-test variant used [15], each word was presented for 3 seconds with an inter-stimulus 

interval of 2 second. Each word indicated one of four colors (red, green, yellow or blue) and was 

simultaneously identified in one of these colors. 

 
The baseline measurement was followed by the Stroop-test for the half of the subjects and the 

cold-pressor-test for the other half. The assignment to the respective test series was randomized. 
The test was performed in a quiet room with a constant temperature of 22 °C at two different 

times (between 10:00 – 12:00 and 13:30 – 15:30). 

 

2.2. Measures 
 

The EDA measurements were performed with the Biopac MP150® system and a sampling rate of 

2 kHz. Pre-gelled non-polarizable silver / silver chloride electrodes and a constant voltage of 0.5 

V were used. Without pretreatment, the non-dominant hand and the hypothenic electrodes 

placements were selected. 

 

2.3. Data Processing 
 

The baseline measurements were compared with stress situations to analyze the inter-

individuality of the SCL values among a sample. Regarding the skin conductance level (SCL), 

Schell et al. [10] showed temporal stability over a 1-year period in schizophrenia patients (r = .43) 

and healthy persons (r = .61) and El-Sheik [11] showed long-term stability (r = .30) of SCL in 

children. In addition repeated measurements were compared intra-individually to reveal the 

reliability of a stress stimulus for possible use as a calibration measure for EDA recording. 

 
Table 1.  Parameters used and description of collection method. 

Parameter Collection 

SCL Entire mean of all data in a time interval without artifacts  

Amplitude of 

SCLs 

Difference between mean SCL values of the strain stimulus and mean SCL values of 

immediately preceding rest measurements 

NS.SCRs Number of NS.SCRs per minute. The NS.SCRs frequency is measured under resting 

conditions in absence of extern stimuli  
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For the analysis the mean of the skin conductivity level (SCL) was determined over the 

experimental episodes (baseline, 3x Stroop-tests, 3x cold-pressor-test). For the baseline the last 5 

minutes were chosen. The study was based on the recommended correction procedures of the 

"Guidelines for the Analysis of EDA and SCR in Psychological Experiments" with the use of 

Biopac and the AcqKnowledge® Software by Braithwaite et al. [16]. To preprocess and delete 

artefacts in the data, the sampling rate was reduced to 62.5 Hz and smoothed by a median filter. 

Subsequently, a low-pass filter of 1 Hz was used to determine the tonic EDA component. For the 

detection of spontaneous fluctuations (NS.SCRs) and SCRs, an amplitude criterion of 0.05 µS 

was chosen. If no spontaneous fluctuations could be found throughout the entire measurement, 

subjects were excluded as "non-responder" and the remaining data set was evaluated selectively. 
 

Two established correction methods were used to reduce the high variability. According to 

Lykken and colleagues [17, 18, 19], the range correction is used to determine the individual range 

by representing the individually measured values in relation to the respective SCL range. The 

minimum and maximum SCL values of a person are determined. An alternative standardization 

method is provided by Ben-Shakhar [20] who suggest transforming original values into z-values 

with a defined mean value and standard deviation to make the sample values comparable (z-

transformation). 

 

2.4. Statistical Analysis 
 

All computations were carried out using the SPSS statistical package (Version 24). The raw data, 

the arithmetic mean value and the transformed data (log) were used for analyses. The descriptive 

analysis of the collected measurements was done by exploratory data analysis. The mean (M) and 

the standard deviation (SD) were determined for each measure. 

 

The data were examined for normal distribution (Shapiro-Wilk-Test) and sphericity (Mauchly-

Test). A significant Mauchly test was corrected by Greenhouse-Geisser.  

 

Due to the fact that most of the physiological variables were skewed, average scores of the 

absolute data had to be transformed by the logarithmic transformation (y = log) to approximate 

the data to normal distribution. After this transformation, all variables with the exception of the 

skin temperature were normally distributed. 

 

For the inferential statistical analysis of the data, one-way analyses of variance (ANOVA) with 

repeated measures were selected. If the ANOVA revealed significant differences in mean values, 

t-tests for dependent samples were used for further discrimination. The permissible probability of 

error is set at 5 %. For multiple comparisons (t-tests for dependent random samples and post-hoc 

tests) the significance level was adjusted according to the Bonferroni method. Therefore, the 

significance level was set at p ≤ .02 (p = 0.05 divided by 3 [comparisons]). 

 

For the study of possible correlations between the psychophysiological measures, Pearson’s 

correlation coefficient was chosen for normally distributed data and the Spearman correlation 

coefficient for non-normally distributed data analyzed by the Shapiro-Wilk-Test [21]. 

 

3. RESULTS 
 
A total of 15 people (10 males, 5 females) participated with a mean age of 27.1 (standard 

deviation 3.7). After checking the participation criteria, one subject was excluded from the further 

analyzes due to dyschromatopsia (N = 14). 
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Figure 2 shows the measurements for 14 subjects for the Stroop-test. A high inter-individual 

variability can be noticed, which is characterized by a high SCL fluctuation range of the absolute 

SCLs (2-50 µS) and SCL amplitudes (0.1-17 µS). The logarithmized values were in the range of 

0-1.7 for the SCL level and 0.02-1.7 for the amplitudes. 

 

Figure 2. Raw data (µS) -top- and logarithmized data -bottom- of the repeated Stroop-test over the time 

(min) of 14 subjects. Between the repetitions two minutes of rest were measured. Starting time is two 

minutes before the first stress stimuli was set. 

Figure 3 shows the first measurement of the Stroop-test after applying the range correction and z-

transformation on the SCL data. 

 

Figure 3. Range correction on the left and z-transformation on the right. The data are from the Stroop-test 

from 14 subjects. 
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3.1. Intra-individual Comparison 
 

The logarithmic differentiated SCL data of the baseline and rest measurements before the first 

stress stimulus differed descriptively in the Stroop-test (M_BaselineStroop = .79, 

SD_BaselineStroop = .48;  M_rest-measurementStroop = .21,  SD_rest-measurementStroop = .52)  and 

in the cold-pressor-test (M_BaselineCPT = .54, SD_BaselineCPT = .95; M_rest-

measurementCPT = .12, SD_rest-measurementCPT = .46). 

 

A one-way ANOVA with repeated measures shows a significant main effect between all the 

mean difference values of baseline and rest in both stress tests (F[3,39] = 6.14, p < .05, ε = .06, 

ηp² = .32). The t-test for dependent samples implies a significant difference between the baseline 

and resting values in the Stroop-test (t[13] = 5.58, p < .01), while the difference in the cold-

pressor test is not significant (t[13] = 1.92, p > .01). 

 

 

Figure 4. Presentation of the effect of different amplitude determinations. Left: Difference of the mean 

strain tests to the mean baseline. Right: Correction method by difference of the mean strain tests to the 

respective rest value (M ± SD, n = 3 repeated measures). 

 

Figure 4 shows two possibilities for the calculation of the effect size of the strain required for the 

relative ratio calculation to the baseline. Both calculations contain the mean SCL of the three 

repeated measures in the Stroop- and cold-pressor-tests. On the left, the ratio of the mean strain 

value to the mean baseline value is shown, while the right side shows the ratio of the mean strain 

value to the mean baseline value using the correction method. The effect size is corrected by the 

difference of the immediately previous rest value from the mean strain value. The Stroop-test 

reveals relative values that are twice as high and five times the standard deviations without using 

the correction method. The cold-pressor-test displays a reduced variation 17% instead of a 72% 

without the elimination of disturbance factors. 

 

3.2. Examination of the stress-level, effect size and reliability of the single stress tests 

Descriptively, the three logarithmic repeated measures have a very similar SCL mean value 

(M_SCL1Stroop = 1.20, SD_SCL1_Stroop = .32; M_SCL2Stroop = 1.20, SD_SCL2_Stroop = .32; 

M_SCL3Stroop = 1.20, SD_SCL3_Stroop = .34). The one-way ANOVA shows no significant 

difference between the repeated measures in the Stroop-test (F[1.09, 14.17] = 1.69, p > .05, 
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ε = .55, ηp² = .01). The Retest-Reliability test indicates a high reliability of the repeated measures 

by the Pearson correlation coefficient (Table 2). 

 

Figure 5.  Logarithmic SCL values of a subject in the Stroop-color-word test (top) and cold-pressor-test 

(bottom). Visual representation of the effect size by determination of the amplitude (difference mean-stress 

test of mean-rest) (top) and by determination of the absolute mean of the stress test respectively (bottom). 

On the contrary, the amplitudes of the SCL have a major effect in the repeated measures 

(F[2,26] = 10.06, p < .05, ε = .75, ηp² = .44). The t-test for differentiated distinction results in a 

significant effect between the mean values in M_Amp1Stroop und M_Amp2Stroop (t[13] = 3.11, 

p < .02), as well as significance between M_Amp1Stroop und M_Amp3Stroop (t[13] = 3.11, p < .02, 

but no significant difference between M_Amp2Stroop und M_Amp3Stroop (t[13] = -.19, p > .02). The 

repeated measures of the amplitudes point unreliable based on Pearson's correlation coefficient 

(Table 2). 

 
The logarithmic absolute SCL mean values of the cold-pressor-test indicate a drop in the repeated 

measures (M_SCL1CPT = 1.06, SD_SCL1CPT = .35; M_SCL2CPT = .95, SD_SCL2CPT = .41; 

M_SCL3CPT = .89, SD_SCL3_CPT = .43), which is confirmed by the one-way ANOVA with 

repeated measures (F[1.07, 12.90] = 8.70, p < .05, ε = .54, ηp² = .42). 

 
The examination in the cold-pressor-test with the t-test for differentiation results between mean 

values M_SCL1CPT and M_SCL2CPT (t[12] = 2.38, p > .02) showed no difference, but between 

M_SCL1CPT and M_SCL3CPT (t[12] = 3.21, p < .02) a significant difference was revealed and as 

well as between M_SCL2CPT and M_SCL3CPT (t[12] = 4.55, p < .02). Using Pearson's correlation 

coefficients for reliability established reliability between all three repeated measures. 

The amplitudes of the SCL show no major difference in mean value (M_Amp1CPT = .12, 

SD_Amp1CPT = .47; M_Amp2CPT = -.12, SD_Amp2CPT = .58; M_Amp3CPT = -.27, 

SD_Amp3CPT = .49). The variance analysis confirms the missing significant difference in mean 

value (F[12,26] = 2.48, p > .05, ε = .98, ηp² = .16).  

The retest reliability test by means of Pearson's correlation coefficient shows no reliability in the 

amplitude between all repeated measures (Table 2). 
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Table 2.  Visualization of the examinations with results from both stress test. Means, standard deviations 

and correlations shown in the tables are always the logarithmically transformed values. The number in the 

column “reliability” concerned the repeated measurement. 

 stress level  

M ± SD 

reliability 

r 

Effect size 

M ± SD 

reliability 

r 

Stroop 

1. Test 1.20 ± .32 between 1 & 2 = .99**  .21 ± .53 between 1 & 2 = .50 

2. Test 1.20 ± .32 between 2 & 3 = 1.00** -.21 ± .42 between 2 & 3 = .84** 

3. Test 1.20 ± .34 between 1 & 3 = .99** -.22 ± .46 between 1 & 3 = .50 

cold-pressor 

1. Test 1.06 ± .35 between 1 & 2 = .91**  .12 ± .47 between 1 & 2 = .32 

2. Test .95 ± .41 between 2 & 3 = 1.00** -.12 ± .58 between 2 & 3 = .29 

3. Test .89 ± .43 between 1 & 3 = .90** -.27 ± .49 between 1 & 3 =-.05 

** Correlation is significant at p < .01 

 

The correlation tests of the variables identify some few correlations. There is a significant 

correlation between the SCL rest values and the mean SCL amplitudes in both stress tests 

(Stroop: r = .70; CPT: r = .72) but not between the SCL baseline and the SCL amplitudes. 

Furthermore, there is a positive significant correlation between the SCL and the number of 

NS.SCRs in the baseline (r = .76). Neither the amount of the NS.SCRs in the baseline nor the 

NS.SCRs in the rest measurement had any correlation to the SCL amplitudes in both stress tests. 

At least the examination of the relative amount of NS.SCRs to the baseline to the relative 

amplitude value to baseline showed no correlation character. 

 

4. DISCUSSION 
 
The aim of the present work was to verify the use of the SCL as an index of sympathetic 

activation for combined monitoring with blood pressure in hospitals. The emphasis was on the 

attempt to standardize SCL data to compare the SCL behaviour of different persons and interpret 

it by comparison with standard values. Additionally, the SCL data in combination with 

continuous blood pressure values should provide information about a retrospective relationship of 

the sympathetic function. 

 

The opportunity to use the SCL as an index of sympathetic activation was demonstrated by 

visible effects of physical as well as psychological stress situations with the SCL. The raw and 

logarithmic SCL values correspond to the specifications of Venables and Christie [22] for 

exosomatic measurements with active electrodes. The examinations show a major inter-individual 

variability, which also exists under predominantly standardized measuring methods and ambient 

conditions. 

 

The inter-individual comparison showed similar descriptive curves among the subjects, but the 

standardization methods used could not reduce the variability sufficiently. 

 

As a result of the inter-individual comparison analysis, the use of a correction method was 

established for the determination of the real strain effect. For this purpose, the difference between 

the strain value and the immediately preceding rest value is drawn before a relative comparison is 

made with the baseline. 
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The SCL curve in both stress tests was reliable in the repeated measures, other than the amplitude 

size, which reflects the effect of the stimulus. This fact leads to the conclusion that although the 

response pattern among the subjects was similar, the effect of the stimulus was not the same. 

These results are reflected in the study of Weise and Heinecke [23], which examined the 

reliability of absolute and relative SCL values only relativized to the rest measurement over a 3-

month period. The influence of momentary individual states of excitement, such as alertness, 

attention, the type of instruction, previous habituation, emotional state or motivation, is difficult 

to determine or control. In other studies, a high variability of the SCL and NS.SCR in the cold-

pressor-test occurred, but could not be explained so far, even with the help of other parameters 

[24, 25]. These facts exclude the use of a stress stimulus as a measure of calibration, because of 

the strong individual response to excitation processes and the sensitive response of the EDA to 

any stimulus. 

 

Furthermore, common electrodermal tendencies between tonic parameters (SCL, amplitude, 

NS.SCRs) were analyzed for the intra-individual examination point. This way, conclusions about 

the behaviour of tonic parameters among subjects and differences in strain should be made. Only 

two out of six correlation tests investigated revealed significant correlations for statements on 

EDA behaviour by tonic parameters. Some other authors confirm the non-normative NS.SCR 

frequency values [1, 26]. Accordingly, an intra-individual comparison that refers to the 

comparison with the baseline value has to be selected for the analysis. For this purpose, the 

correction method with the amplitude determination should be considered for the immediate rest 

value. It offers the advantage of determining the real effects of sympathetic activation. Important 

to note, is that a classification of the individual SCL range is only possible via experience with 

implication of maximum and minimum SCL values, since a calibration measure is difficult to 

implement by habituation effects.  

 

Nevertheless, a possible limitation of the present test series is the absence of standardization of 

the environmental conditions. The questionnaire revealed some disruptive factors for example 

direct acoustic factors, such as traffic noise as well as indirect disturbance factors, which were 

due to the presence of the principal investigator. Another limitation is the sample size of 15 

subjects that were young and had a non-homogeneous gender distribution. With this amount the 

generalizability of the results is reduced for the total population.  

 
The reliability measurement was limited to a triple measurement repetition at one day. Because 

the EDA measurement is depending on the psychological state of a person, several repeated 

measurements over a longer period would be more significant for an intra-individual comparison. 

It is to consider, that the longer the time period of retesting, the lower the stability of the 

physiological measure. In addition to the EDA, further vegetative parameters should be used for a 

meaningful analysis of blood pressure changes. The very fact that in hypotonic patients the 

dependence of the EDA on the blood pressure is inconsistent [27, 28], the exclusive use of EDA 

is irresponsible. Additional vegetative parameters would help to make the evaluation of the 

individual EDA data more precise to offer a coherent overall picture of the sympathetic activity in 

addition to the EDA measurement. 

 

5. CONCLUSION 
 
The attempt to standardize SCL measurements for comparison with standard values was not 

successful. Although SCL works as an indicator for physical and psychological stress situations 

the standardization methods applied did not reduce the variability in a sufficient way. 

Furthermore, calibration measurements are difficult to establish in the intended setting. Different 

momentary states of excitement, such as alertness, attention, or emotional state influence the 

measurements and are difficult to determine. Any attempt for generalization needs a bigger 
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sample and longer measurements. EDA as an exclusive tool is not recommended and should 

always be combined with other parameters. 
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