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Abstract: Skin Conductance Level (SCL) indicating arousal and activation has been used to predict
performance for a long time, but the results are not consistent. Intricacy of explaining arousal/activation
relationship with performance may be to some extent due to the lack of inclusive designations for different
energetic states. Recent literature, based on neurological evidence, recommends different descriptions for
Arousal and Activation. According to recent findings, only activation, not arousal, measured by a change in
arousal from a reference level to the task situation predicts performance. The present study was therefore
designed to investigate whether this terminology was applicable in terms of effects on a static balance task.
College age students (n=29) voluntarily stood still on a digital stabilometer for thirty seconds while skin
conductance  level  as  arousal  measure  and  the sway index (cm) as performance measure were recorded.
While arousal yielded no association, a negative linear relationship was found between activation and
performance.  The  quadratic trend was even stronger in which low and high levels of activation were
associated  with poor performance; but moderate level of activation yielded a better performance. Therefore,
SCL predicted performance if only a level of baseline activity was subtracted from it. Results are discussed in
relation to the recent hypotheses explaining arousal/ activation relationship with behavioral performance.
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INTRODUCTION This proposition was examined in normal adults by

According to Barry et al., activation is variations in levels  were  associated  with  activation.   VaezMousavi
arousal  level  when  people  are involved in a task [1]. et al., in a follow-up study investigated the effect of
This change in arousal is measured relative to an arbitrary activation in a within subject / between trials design [7].
baseline level. Barry et al., recorded Skin Conductance They also examined the effectiveness of activation in a
Level (SCL) to measure activation. SCL is a sensitive sport task [8] and also in an individual level [9]. In all three
measure of autonomic arousal or simply reaction to stress studies, it was confirmed that activation affects
and nervousness which translates into sympathetic performance.
cholinergic activation of sweat glands [2]. The SCL brings Balance is an important base of our daily motor tasks.
significant information regarding brain states and Despite its relevance to children's perceptual-motor
information processing [3, 4]. development [10], balance associates with physical

With the SCL measure, Barry et al. studied children’s fitness factors [11] and elder adults' well-being [12].
performance  in  a  continuous performance task (CPT) Research investigating the effects of psychological
and  found that activation predicted performance [1]. factors on postural control used several approaches.
They suggested that compared to arousal, activation is a While some investigated fear of falling and balance
better predictor of performance. Activation, which is confidence in older adults [13] and patient populations
labeled "targeted readiness" by Pribram and McGuiness, [14], some others used posturographic measures to
neurologically associates with human performance and evaluate the effects of fear and anxiety on balance
signals "what is to be done" in task situation [5]. Arousal behavior. Maintaining a stable base of support during a
on the other hand, signifies only physiological reactions static balance task depends on the incorporation of
to the situation [1]. visual, vestibular and somatosensory inputs and the

VaezMousavi et al., [6]. It was confirmed that performance
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capability to form the correct arrangement of motor them  ever  suffered  from an epileptic seizure, serious
responses to control the location of the center of mass head injuries, equilibrium problems, or periods of
[15]. Therefore, it is of value to examine how unconsciousness and none had hearing or vision
psychological  measures  affect performance on tests problems, or received treatment for nerve or sensory
used in balance assessments [16]. Task specific problems.
psychological tools to measure this variable have been
developed, which are sensitive to changes in postural Procedure:  Data  were  collected  from  each participant
control; however, the reliability of these measures remains in an air-conditioned laboratory; electrodermal activity
unknown [16]. was recorded using a 2701 SC simple scope SCL/SCR data

Alternative to aforementioned tools to measure collection system. Two 7.5 mm diameter Ag/AgCl
arousal variations (i.e. anxiety, fear …) is recording electrodes were attached on the distal phalanges of the
physiological responses, i.e. electro-dermal activities second and third digits of the participant’s non-preferred
which  prevent from reliability problem associated with hand, with an electrolyte of 0.05 M NaCl in an inert
pen and paper tools. Elector-dermal activity is one of the viscous ointment base. In a 15-minute baseline period,
most reliable tools in predicting balance performance participants rested quietly on an armchair and during this
(across repeated observations during quiet stance, .88; period, the SCL was constantly recorded.
maximal reach, .87; and on leg stance, .87), as reported by Each participant was to stand on the surface of a
Hauck, Carpenter and Frank (2008) when they compared stabilometer (TavanAzma TM), a force-plate connected
a variety of task specific measures in clinical balance through cables to a computer to measure displacement of
performance [16]. They recorded Galvanic Skin Response the centre of pressure (COP) during quiet stance. During
(GSR) as an estimate of physiological anxiety; however, 30 seconds of standing still, anterior–posterior and medio-
they  found  no correlation between postural measures lateral COP were recorded at an acquisition rate of 100 Hz.
and GSR. Therefore, although GSR was reliable across Real  time of visual feedback was presented to the
repeated observations, but it did not predict performance. subjects  on a 38cm monitor located 150cm directly in
Hence,  there  will  be no use for the high reliability of a front of them. In three minutes of practice trial,
measure if it cannot predict performance. participants adapted to the characteristics of the platform

Given recent findings regarding the significance of and the precision of the visual feedback. The task
"activation" in predicting performance in laboratory commenced  when  understanding  of  the instructions
tasks, we consider to employ activation as the prime was evident. Electrodermal data were recorded
predictor of performance in a static balance task. The continuously at 10 Hz during the task.
importance  of studying activation in a balance task
highly depends on the significance of balance in elder Data Processing: In 30 seconds of task period, 300 data
adults' daily life, its connotation in young children's points  had been recorded (10 Hz sampling). To reduce
development and its effect in sport performance. We this to a reasonable number of points for analysis, 30
hypothesized that activation would affect static balance points were formed and the mean of activity for each of
performance and that the form of the relationship between them was 1 second. The mean SCL from the 1-second
activation and static balance performance would follow a epoch was taken as the activated arousal level. The
negative trend [1, 6, 7]. We also hypothesized that arousal baseline value was calculated as the lowest two-min. mean
would not predict performance. Our study design SCL within the recording period. The difference between
involved  recording a level of baseline SCL activity prior these two estimated arousal levels (activated - baseline)
to and constant SCL recording during the task. was taken as the task-related activation (Fig. 1). This
Performance variations could then be related to the procedure in which activation was obtained was
corresponding activation level, using a simple linear introduced by Barry et al. [1] and used repetitively by
regression approach. others [6-9]. The collective measure of anterior–posterior

MATERIALS AND METHODS calculated by the software as the sway index.

Participants: Twenty nine non-athlete male university Statistical Analysis: The mean activation level and sway
students,  aged  between 19 and 22 (mean age 22 years index were calculated across participants. A scatterplot
and 5 months), participated in this study. None of the was made of performance against activation, using data
participants  had experienced the task before, none of pairs  from  each subject. Data set was fitted with a linear

and  medio-lateral  displacement of COP was automatically
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Fig. 1: The SCL is drawn for each subject in this figure. The thin line over the horizontal axis which forms the spotted
area indicates the baseline SCL. The thick line over the top indicates activated SCL. The shaded area between
the two lines corresponds to activation

trend; in each case, the regression coefficient was
obtained. An initial repeated-measure ANOVA was used
to test whether there was a significant increase in arousal
from the baseline to activated state. Subsequently, a
simple linear regression analysis was used to investigate
the relationship hypothesized in the introduction; the
dependent  variable, sway index (cm) was regressed on
the independent variables, arousal and task-related
activation (µS).

RESULTS

Arousal: The overall SCL increased from 8.419 µS in the
baseline resting condition to 11.536 µS in the activated
task condition. This increase in arousal level was
statistically significant (F =7.17, P<0.05). 1, 28

Task Related Activation: The measure of activation
within subjects ranged from -1.53 µS to 9.38 µS, with a
mean of 3.11 µS. Two of the 29 participants showed a
decrease in arousal from baseline to the task. They had
slightly  higher  resting baseline levels (mean 8.97 µS)
than  the 27 participants who increased their arousal
levels (mean 8.66 µS). Fig. 1 shows the level of baseline
SCL, task SCL (arousal) and the resulted activation across
subjects.

Performance: Sway index ranged from .33 cm to 1.02 cm
with a mean of .60 cm. The mean sway index for each
participant is shown in relation to the dependent variable
in Fig. 2. As shown in this  figure,  performance decreased

Fig. 2: Sway index is drawn against arousal (top panel)
and activation (bottom panel). While an increase in
arousal has no effect on sway index, increase in
activation significantly deteriorates performance.
Set of data in this figure is fitted with a linear
regression line and the coefficient of determination
for this regression is indicated
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significantly with greater levels of task-related activation
(F =10.78, P<0.01), an effect explaining some 29% of1,  26 

the variance in these measures. There were no significant
effects of arousal level (P=0.45) on this variable.

DISCUSSION

The significant overall increase in arousal level from
the baseline to the task supports the concept of task-
related  activation  and the use of the arousal change as
its measure. The significant correlation between the
resting and activated arousal signified that they shared
some 43% of the between-subject variance and this allows
a potential for between-subject differences in task
involvement, in addition to baseline arousal levels, to
contribute to differences in the activated arousal level.

At the individual level, 27 out of 29 subjects showed
this task-related increase in arousal from the baseline
condition to the task condition, while the other two
showed a decrease. We noted that the subgroup of
subjects who showed a negative level of activation in the
task  had  a higher baseline arousal level. Even though
this higher baseline SCL was not significant, it may
suggest that the two subjects showing this effect might
perhaps have been anxious at the beginning of the data
collection  session,  with  their arousal elevated above
true resting levels. To avoid this phenomenon, we
suggest that future studies should obtain baseline arousal
measures from both the beginning and end of the
experimental session and use the lower level of these
measures as the best estimate of resting arousal level.

The  measure  of  task-related  activation was found
to determine behavioural efficiency in terms of sway
index. Current arousal level did not affect sway index.
These results provide noteworthy support for our
previous findings [1, 6, 7] and our hypotheses in the
present study.

The  overall  findings  of  the  present  study
indicated that  arousal  and activation can be conceptually
separated  -  the  former  as  the  energetic  state  at  a
particular time  and the latter as the change from a resting
baseline to the task situation. Although this was
elucidated previously in a CPT task [1, 6, 7], the present
study substantiated  this  conceptualization  in  a   motor
task for the first time. Static balance task is highly
dependent   on    sensory    information    processing and
is  an  essential  feature  of  normal  motor  development.
The  significance  of  static  balance  is  well  appreciated
in   senile   well-being   as   well   as  athletic  performance.

Fig. 3: The relationship between activation and
performance is shown again; this time, a
polynomial  tend  line  is  fitted  to  the  data  set.
The amount of shared variance is bigger than
before (Fig. 2).

Therefore, the results of the present study may well be
constructive as they provide new grounds for future
applied researches, as well as for practitioners.

Close inspection of the relationship between
activation and performance (Fig. 2) indicates that the
curvilinear relationship between two variables may be
more  appropriate.  Fig. 3 shows this relationship; this
time, the set of data has been fitted with a polynomial
regression line to indicate the relationship with the
independent variable and the coefficient of determination
is  included  to indicate the strength of the relationship.
As it is readily apparent, the curvilinear trend is stronger
than the linear trend with the shared variance of .54%.
This was not evident in our previous studies. Activation
and performance showed strong linear relationships in
CPT tasks [1, 6, 7, 8]. One reason for observing curvilinear
relationship between activation and performance in this
study may possibly be the vast rang of variations in
activation (approximately 12 µS) which was caused by the
task  requirements. The static balance task, unlike the
CPT, engages gross bodily responses, which may be
reflected in large SCL fluctuations. The range of activation
variations with the static balance task was five times
bigger than the CPT.

The strong curvilinear relationship found between
activation and performance in the present study is far
from being appreciated as a support for the inverted-U
hypothesis. A significant examination of the inverted-U
hypothesis  may  involve  experimentally  manipulating
the independent variable, or categorizing participants in
orderly different levels of it. The significance of this
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paradigm encourages us to structure one direction of our 4. Barry, R.J., A.R. Clarke, R. McCarthy, M. Selikowitz
future investigations accordingly. and J.A. Rushby, 2005. Arousal and activation in a

We found that current arousal level did affect continuous  performance task: An exploration of
behaviour in the static balance task. In contrast, state effects in normal children. J. Psychophysiol.,
activation in the task affected the measure of performance 19(2): 91-99.
in the task. These findings support the previous 5. Pribram, K.H. and D. McGuiness, 1992. Attention and
arousal/activation findings [1, 6, 7]. The important effects para-attentional processing. Event-related brain
in this study were of similar strength, relative to the potentials as tests of a model. Annals of the New
previous findings [6, 7] with the significant r  value equal York Academy of Sci., 658: 65-92.2

to 0.29. 6. VaezMousavi,  S.M., R.J. Barry, J.A. Rushby and
This study was similar to our previous study [1, 6, 7] A.R. Clarke, 2007a. Evidence for differentiation of

in exploring the arousal/activation concepts across arousal and activation in normal adults. Acta
subjects. Each subject was provided with one data point Neurobiol Exp., 67: 179-186.
in Fig. 2 and hence the study can be thought of as 7. VaezMousavi,  S.M., R.J. Barry, J.A. Rushby and
examining  individual differences in state measures and A.R. Clarke, 2007b. Arousal and activation effects on
the effects of these differences on behavioural physiological and behavioral responding during a
performance outcomes. Future studies in this area could continuous performance task. Act Neurobiol. Exp.,
usefully explore these relationships on a within-subject 67: 461-470.
basis. 8. VaezMousavi,   S.M.,    E.   Hashemi  -masoumi  and

CONCLUSIONS shooting  task.  World  Applied  Science Journal,

The overall results of the present study verify 9. VaezMousavi, S.M., R.J. Barry and A.R. Clarke, 2009.
previous findings concerning differentiation of the Individual differences in task-related activation and
energetics dimension into “arousal” and “activation”. The performance. Physiology and Behavior, 98: 326-330.
importance of this separation is that it may be useful in 10. Geuze H., 2003. Static balance and developmental
modifying  and refining the conventional understanding coordination  disorder.  Humen  Movement  Sci.,
of the role of the energetics dimension in physiological 22(4-5): 527-548.
and behavioural performance. In turn, this may encourage 11. Fujinaga, H., 2008. Static standing balance as a
further research aimed at building on this foundation and component of motor fitness among the 5-year-old
re-assessing the role of energetics in psychophysiology. children. Fitness, 4(2): 67-74.
Pursuing this line of investigation in terms of individual 12. Delbaere, K., G. Crombez, N.V.D. Noortgate, T.
differences in skilled performance, perhaps in a re-thinking Willems and D. Cambier, 2006.
of the inverted-U hypothesis, could be fruitful. 13. Niino, N., S. Tsuzuku and H. Shimokata, 2000.
 Frequencies and circumstances of falls in the national
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