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Abstract

Heart rate variation and electrodermal activity are
both affected by the autonomic nervous system’s response
to psychological and emotional activity. The objective of
this work is to use measures of these indices of autonomic
function to assess the emotional responses of subjects
undergoing a Sustained Attention to Response Test
(SART). Errors of commission (failure to withhold
responding to the no-go target), errors of omission
(failure to respond on go trials), and response times were
analyzed in  conjunction with heart rate and
electrodermal measurements.

Errors of omission were the most common errors made
by participants while errors of commission occurred less
frequently with both showing considerable skin
conductance rises in subjects who made few errors. The
RR interval tachogram showed little correlation to errors
of commission, omission or electrodermal measures.
However, the mean RR interval after a commission error
increased in subjects with low error rates. Also analysis
of the low frequency component of the RR interval
variation displayed an amplitude variation, which did
show close correlation and synchronization with
electrodermal activity in some subjects. The results
suggest that autonomic outflow affecting electrodermal
activity during the SART test also affects heart rate
variation and the use of both measures of autonomic
function may give a beneficial and complementary insight
into physiological responses to psychological and
emotional states.

1. Introduction

The autonomic nervous system (ANS) is the involuntary
nervous system of the peripheral nervous system, which
subconsciously controls bodily functions such as heart
rate, respiration, digestion, blood pressure and sweat.
Recent psychophysiological studies however have
highlighted a more dynamic relationship between brain
and autonomic function and the complex interaction
between external/internal stimuli, mental and emotional
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inputs and their effect on autonomic activity [1-4].
Indeed the reactivity of the autonomic system to
environmental stimuli has been linked to physical
pathologies such as hypertension and coronary heart
disease [5,6] and psychological disorders such as anxiety
and panic disorders [7,8]. To better understand the
relationship between physiological, psychological and
emotional autonomic interactions, measurements such as
electrodermal response, respiration, blood pressure and
cardiovascular variability have been used as indices of
ANS activity.

In this study two of these measures,
electrodermal and heart rate activity, are used to assess
autonomic activity during a Sustained Attention to
Response Test (SART) [9]. Electrodermal activity (EDA)
is a commonly used indicator of ANS activity where
changes in sweat gland activity are indicated by
variations in the skin conductance responses (SCRs).
These variations are mediated solely by the sympathetic
branch of the ANS. In contrast, heart rate variability
(HRV) as indicated by variations in the RR interval is
mediated by both the parasympathetic and sympathetic
branches of the ANS. We examine ANS effects on EDA
and HRV and try to assess the relationship between these
two indices and performance criteria from the SART test.
We analyze both long term and short term responses of
EDA and HRYV. Standard time and frequency domain
techniques are used to assess HRV over the complete test,
while skin conductance responses, short term heart rate
variations and complex demodulation of HRV are used to
analyze transient responses of EDA and HRV during
particular events in the SART test. SART performance
indicators such as errors of commission (failure to
withhold responding to the no-go target), errors of
omission (failure to respond to go trials), and response
times were evaluated. Participants were divided into two
groups, those with high rates of errors of commission and
omission and those with low error rates. The SART
performance criteria for each group were then analyzed in
conjunction with their EDA and HRV measures.

2. Methods
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10 male participants were recruited to participate in a
SART test similar to the test outlined in [9]. A single
stimulus (single number as target) was used as a
predefined target. Participants are presented with a
number between 1 to 9 every 1.15 seconds in a fixed
sequence. Each digit was presented for 250 ms followed
by a mask of 900 ms. The mask following each digit
consisted of a ring with a diagonal cross in the center.
Both mask and digit were presented centrally in white
against a black background on a laptop computer screen
approximately 40cm from the subject’s eyes. All
participants were asked to use their preferred hand to
register responses. The participants were required to press
the left mouse button in response to the mask after each
digit except when the digit 3 preceded the mask.
Response cues are used to reduce the variability in
response times within and between subjects and minimize
speed/accuracy trade offs [11]. The full SART test
consisted of 1000 stimuli of which 889 were no-go trials
and 111 were go-trials resulting in a total block duration
of approximately 19 minutes. A practice period consisting
of 27 digits, 3 of which were targets was presented to
participants prior to the full test.

EDA measurements were taken using a BIOPAC
MP100 unit (Biopac Systems, Inc) with the ECG100C
electrocardiogram amplifier module, the GSRI100C
electrodermal activity amplifier module and a data
acquisition card (National Instruments Corporation,
NiDAQ 6024E). Two Ag/AgCl Biopac finger electrodes
(TSD205) were secured on the index and middle finger of
the participant and Signa electrode gel was applied to the
contact areas to aid conductance. A five-minute rest
period was undertaken to ensure skin hydration by the gel
prior to the SART practice and SART test periods. The
ECG leads consisted of EL500 electrodes used in
conjunction with LEAD100 series electrode leads and the
MECI110C extension cable. The three electrode leads

were connected in modified V5 position.

The NiDAQ sampled the ECG and skin conductance
signals at 256 Hz and this data was stored with the
number stimuli and the mouse button responses on the
laptop for post processing. A rise in skin conductance
level was associated with a response if it occurred
between 1 and 5 seconds after a particular stimulus (no-
go stimulus, error of commission/omission). Fluctuations
in heart rate were assessed using RR intervals (QRS peak
to following QRS peak). The beat-to-beat RR interval
series was converted to a time-based signal by linear
interpolating the signal at 1Hz. Complex demodulation
was used for continuous assessment of the low frequency
(LF) and high frequency (HF) components of the RR
interval variations [12,13]. Center frequencies of 0.09 and
0.30 Hz were selected for the LF and HF components and
a 61-term low pass filter was used with cutoff frequencies
set at 0.05 and 0.15 Hz [13]. The frequency bands for the
LF and HF components were therefore 0.04 — 0.14 and
0.15 — 0.45. For overall assessment of HRV we used
Burg parametric spectral measures of order 13. These
measures were then analyzed in conjunction with the
EDA and SART performance measurements.

3. Results

Participants were separated into two groups, those
with a total error rate (omissions and commissions)
greater than 15 and those with a total error rate below 15.
For each group the average SART performance measures
outlined above were calculated. HRV and EDA measures
were also evaluated for each group. HRV time domain
measures included mean RR interval, SDNN, SDANN,
RMSSD and pNN50. HRV frequency domain measures
include LF, HF spectral power and the LF/HF ratio. LF
and HF components are expressed as a percentage of the
total power spectral density. For EDA responses the mean
SCRs for no-go targets, errors of commission and errors

Participants with high Participants with low t Test
Measures total error rate (>15) total error rate ( <15) p

Commission 13.20 £ 10.28 2.83 £2.31 0.038%*
Omission 17.00 £ 13.09 5.16 £ 1.83 0.054
Response Times (ms) 47295 +111.09 562.82 +49.95 0.107
RR mean (ms) 887.00 £ 152.20 868.60 £ 169.90 0.855
SDNN (ms) 67.70 £ 20.00 70.5 £ 28.10 0.869
RMMSD (ms) 43.50 £24.9 49.10 £25.0 0.72
pNNS50 (%) 0.21 £0.18 0.25 £ 0.20 0.713

LF (%) 44.24 £9.08 39.26 + 16.40 0.562

HF (%) 8.92 +£5.07 11.78 £5.21 0.383

LF/HF 6.87 + 4.64 493 +4.81 0.515
SCR (no-go) (US) 11.27 £ 7.95 28.17+12.4 0.028*
SCR (Commission) (US) 18.72 £ 21.19 43.55 £32.98 0.182
SCR (Ommission) (LS) 1597 + 16.64 27.42 +23.28 0.069

Table 1: RR interval measures for duration of test and SCR values during events [Mean + SD] *p < 0.05

474



of omission were calculated. The results of these
measures are shown in Table 1.
The difference in errors of commission and omission
between the two groups is as expected as they are divided
into two groups on the total error criteria. The only other
significant difference between the two groups was seen in
the mean SCR result during no-go targets. Participants in
the lower total error group showed much larger mean
rises in skin conductance levels during no-go trials, errors
of omissions and error of commissions. This may be due
to increased emotional response in subjects in the low
error group to the occurrence of the no-go target and to
errors. The response times although not significant
showed differences between the high and low error rate
groups. The response times are calculated from the time
of the digit being presented and include the 250 ms
between the digit and the cueing mask. Subjects with the
higher error count on average showed reduced response
times. Quicker response times have been shown to relate
to more errors [9]. The HRV time and frequency domain
indicators showed no significant differences between the
groups. Of all the HRV measures the HF spectral
component showed the most difference between the two
groups. The HF component of HRV is associated with
parasympathetic activity and respiratory sinus arrhythmia
(RSA), and has been linked to emotional responses,
working memory and ability to sustain attention [14,15].
The main difference between the HRV and EDA
measures in Table 1 is that the HRV measures are
averaged over a 19-minute response. This gives us little
information on the transient nature of the heart rate
variation during responses. To get a better insight into
how heart rate indices may vary during responses we
looked at RR interval measures during no—go targets,
errors of commission and errors of omission. For this
analysis we calculated the mean RR interval for the
preceding 5 seconds and post 5 seconds of a particular
event and subtracted the preceding mean from the post
mean. Table 2 shows the results for this analysis. The RR
interval measures for the no-go target (digit 3) and errors
of omission showed no significant differences between
the two groups. However the RR interval measure in
response to an error of commission showed a very
significant difference between the two groups. This
contrasts with the results from the SCR analysis where
no-go targets provided us with the significant difference
between the two groups. The post response mean RR
intervals were higher than the pre response RR interval
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Figure 1. Skin conductance response and the median

filtered LF and HF components (scaled and offset) of the

RR interval variations. Solid straight lines are location of

errors of omission and broken straight lines are location

of errors of commission.
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values. This suggests that the error of commission may
have resulted in an increase in parasympathetic activation,
which may be respiratory related, as there was an increase
in RR interval length and it occurred within 5 seconds of
the response.

Finally we looked at the transient behaviour of
the LF and HF components of the RR interval using
complex demodulation. Figure 1 shows the plots of the
median filtered LF and HF components with the SCR
signal and the solid and broken straight lines representing
errors of omission and error of commission respectively.
It is clear from this figure that variations in SCR and RR
interval frequency components vary both in response to
errors and independent of errors. In some subjects the LF
component showed close correlation between the LF
component and electrodermal activity.

4. Discussion and conclusions

In this study we analysed electrodermal and heart rate
variability responses to the sustained attention to response
test (SART). Limitations of this study include the number
of participants and the difficulty in matching a specific
physical response to a specific stimulus. With the small
number of participants, caution must be taken in the
interpretation of the significance levels presented. More
participants are required to validate these current results.

Participants with high Participants with low t Test
Measures total error rate (>15) total error rate ( <15 ) p
ARR mean (ms) (no-go) -5.43 £ 2.49 -3.28 £ 3.89 0.3163
ARR mean (ms) (Commission) 0.36 £ 0.29 15.73 £5.59 0.0054%*
ARR mean (ms) (Ommission) 3.16 £ 4.09 4.16 £ 4.08 0.6952

Table 2: Change in 5 second mean RR interval change preceding and postevent [ Mean £ SD ] *p < 0.05
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The slow reaction time in both electrodermal activity and
heart rate responses to stimuli means that it is necessary
to use a 1 to 5 second window post stimulus to monitor
physiological responses. This makes it difficult to match
specific responses to specific stimuli as each stimulus
lasts 1.15 seconds. To aid in the analysis of physiological
responses and SART performance criteria participants
were separated into two groups. Those that showed a high
error rate of errors of commission and omission (>15) and
those who achieved a lower error rate. Errors of omission
occurred the most among participants with error of
commission occurring less frequently. Response times
although not significant showed that participants in the
high error group were more likely to respond quicker to
stimuli. Both averaged time and frequency heart rate
variability indicators showed no significant difference
between the two groups while SCR responses for no-go
showed significant differences between the two groups.
Errors of commission and omission also showed a
difference, although this was not significant between the
two groups, with increased SCR levels in participants
with low error rates. This suggests that participants in the
low error rate may show increased emotional response
during no-go targets and errors. To investigate possible
short-term heart rate responses to particular events we
calculated the mean RR interval 5 seconds prior and post
event. In contrast to the SCR responses this showed a
significant difference between the two groups with
respect to errors of commission. The increased rise in RR
interval was indicative of parasympathetic activation and
again is in contrast to the sympathetic activation of the
electrodermal activity during no-go targets. Finally
transient analysis of the LF and HF components of RR
interval analysis was assessed wusing complex
demodulation. The LF component in some subjects
showed close correlation and synchronisation with
electrodermal activity although further investigation is
required to quantify this effect.

Acknowledgements

The authors are grateful to the Irish Higher Education
Authority for their support of this work. We would also
like to thank Dr. Paul Dockree and Redmond O’Connell
of the Department of Psychology and Trinity College
Institute of Neuroscience for their help and advice on
developing the SART procedure.

References

[1] Porges SW. The Polyvagal
contributions to social behavior.
Aug; 79(3):503-13.

Fowles DC. The three arousal model: implications of gray's
two-factor learning theory for heart rate, electrodermal
activity, and psychopathy. Psychophysiology. 1980

Theory: phylogenetic
Physiol Behav. 2003

(2]

476

Mar;17(2):87-104.

Berntson GG, Cacioppo JT, Quigley KS. Autonomic

determinism: the modes of autonomic control, the doctrine

of autonomic space, and the laws of autonomic constraint.

Psychol Rev. 1991 Oct;98(4):459-87

Hugdahl K. Cognitive influences on human autonomic

nervous system function. Curr Opin Neurobiol. 1996

Apr;6(2):252-8.

Middlekauff HR, Nguyen AH, Negrao CE, Nitzsche EU,

Hoh CK, Natterson BA, Hamilton MA, Fonarow GC, Hage

A, Moriguchi JD. Impact of acute mental stress on

sympathetic nerve activity and regional blood flow in

advanced heart failure: implications for 'triggering' adverse
cardiac events. Circulation. 1997 Sep 16;96(6):1835-42.

Manuck SB, Henry JP, Anderson DE, Clarkson TB,

Folkow B, Kaplan JR, Kaufmann PG, Lown B, Verrier RL.

Biobehavioral mechanisms in coronary artery disease.

Chronic stress Circulation. 1987 Jul;76(1 Pt 2):1158-63.

Friedman BH, Thayer JF. Anxiety and autonomic

flexibility: a cardiovascular approach. Biol Psychol. 1998

Nov; 49(3): 303-23

Wilhelm FH, Trabert W, Roth WT. Physiologic instability

in panic disorder and generalized anxiety disorder. Biol

Psychiatry. 2001 Apr 1;49(7):596-605.

Robertson IH, Manly T, Andrade J, Baddeley BT, Yiend J.

'Oops!": performance correlates of everyday attentional

failures in traumatic brain injured and normal subjects.

Neuropsychologia. 1997 Jun;35(6):747-58.

[10] Manly T, Robertson IH, Galloway M, Hawkins K. The
absent mind: further investigations of sustained attention to
response. Neuropsychologia. 1999 Jun;37(6):661-70.

[11] Manly T, Davison B, Heutink J, Galloway M, Robbertson
IH, Not enough time or not enough attention? Speed, error
and self-maintained control in the Sustained Attention to
Response Test (SART). Clinical Neuropsychological
Assessment. 3, 167-177.

[12] Shin SJ, Tapp WN, Reisman SS, Natelson BH. Assessment
of autonomic regulation of heart rate variability by the
method of complex demodulation. IEEE Trans Biomed
Eng. 1989 Feb;36(2):274-83.

[13] Hayano J, Taylor JA, Yamada A, Mukai S, Hori R,
Asakawa T, Yokoyama K, Watanabe Y, Takata K,
Fujinami T. Continuous assessment of hemodynamic
control by complex demodulation of cardiovascular
variability. Am J Physiol. 1993 Apr;264(4 Pt 2):H1229-38

[14] Frazier TW, Strauss ME. Steinhauer SR. Respiratory sinus
arrhythmia as an index of emotional response in young
adults. Psychophysiology. 2004 : 41: 75-83.

[15] Hansen AL, Johnsen BH, Thayer JF. Vagal influence on
working memory and attention. International Journal of
Psychophysiology, 2003 : 48: 263-274.

(3]

(4]

(3]

(6]

(7]

(8]

(9]

Address for correspondence
Name Seamus Ward

Rm. 244, Electronic Engineering,
University College Dublin,
Belfield, D4, Ireland.
Seamus.Ward @ee.ucd.ie




