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Abstract. “Arousal” at a particular time has been defined as the energetic state
at that moment, reflected in electrodermal activity and measured by skin
conductance level. In contrast, task related “activation” has been defined as the
change in arousal from a resting baseline to the task situation. The present
study, replicating some aspects of a previous investigation of these ideas in
children, aimed to further explore whether the separation of “arousal” and
“activation” was useful in describing state effects on the phasic Orienting
Response (OR) and behavioral performance. A continuous performance task
(CPT) was used with normal adults. It was found that the magnitude of the
mean phasic OR to targets was dependent on arousal, but not on task-related
activation. A performance measure (reaction time) improved with increasing
activation, but not with arousal. These findings support our previous
suggestions concerning the value of conceptualizing arousal and activation as
separable aspects of the energetics of physiological and behavioral function.
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INTRODUCTION

Skin conductance level (SCL) is a sensitive meas-
ure of the tonic modulation of sympathetic activity
(Malmo 1959), and continues to be regarded as the
“gold standard” in the measurement of arousal (e.g.
Barry and Sokolov 1993). A recent study with chil-
dren (Barry et al. 2004) showed that resting SCL was
inversely related to alpha power in the simultaneous
eyes-closed EEG, and directly related to alpha fre-
quency. These data, compatible with traditional EEG
arousal concepts (Cobb 1963, Sharpless and Jasper
1956), support the use of SCL as a simple measure of
CNS arousal. Studies using functional imaging tech-
niques (e.g., Critchley 2002, Critchley et al. 2001,
2002), and other animal and human experiments,
demonstrate descending cortical and subcortical
influences on hypothalamic and brainstem mecha-
nisms controlling sympathetic arousal. In particular,
the amygdala exerts an influence on autonomic
measures including skin conductance activity
(Asahina 2003, LeDoux 1996, Phelps et al. 2001,
Williams et al. 2001). Lesion and electrical stimula-
tion studies also implicate specific brain regions,
including orbitofrontal, cingulate and insular cor-
tices, in generating changes in peripheral autonomic
measures (Cechetto and Saper 1990). These specific
regions have been recognized as associated with
emotional and motivational behaviors (Critchley
2002, Damasio 1994). Such findings indicate the
close association of central and peripheral measures
of arousal.

It has long been recognized that the individual’s
functional state moderates their response to a stimu-
lus. A model of such responding in relation to cogni-
tive/perceptual processing is the Orienting Reflex
(OR) (Barry 1996). The OR is the primary reaction
of the body to a novel stimulus, and its elicitation
may be considered as one of the most fundamental
properties of living organisms (Sokolov 1963a).
Sokolov’s theory of the OR states that incoming
stimuli are compared with representations of previ-
ous stimuli in a cortical neuronal model. The output
of the comparison process, which is amplified by the
current arousal level, produces the OR to stimulus-
model mismatch (Sokolov 1963a,b). Dual-process
theory (Groves and Thompson 1970), on the other
hand, sees the magnitude of a phasic reflex as the
result of hypothetical processes: habituation (H) and

sensitization (S). H is a decremental process that
develops in the specific neural pathways involved in
processing a particular stimulus, and S is an incre-
mental or energizing state process; outcomes of these
multiply to determine the reflex magnitude. That is,
common theories of OR elicitation view current
arousal as an amplifier of physiological response
magnitude (Barry and Sokolov 1993).

Examination of the literature suggests that arous-
al/activation also amplifies or improves aspects of
performance. For example, early work (Duffy 1962,
Malmo 1959) proposed links between performance
and arousal/activation level. There are several
hypotheses describing the arousal/performance rela-
tionship, among them the inverted-U hypothesis of
optimal state, which is commonly applied in sport
psychology (e.g., Haywood 2006). But the arousal
concept has not been particularly influential in psy-
chophysiology. One reason for this is the lack of con-
sistency reported between a range of measures often
taken to apply to arousal, such as heart rate and skin
conductance level (e.g., Croft et al. 2004, Lacey
1967, Lacey and Lacey 1970). Barry and coauthors
(2005) considered that another reason was confusion
arising from poor definition of the terms ‘“arousal”
and “activation”, which have often been used inter-
changeably. Various terminologies that have been
used to describe states of attentiveness in the CNS
include arousal, alertness, vigilance, and attention. As
most terms are used extensively with diverse associa-
tions, it seems that none are ideal to describe these
cortical states (Oken et al. 20006).

Barry and others (2005) followed the separation
proposed by Pribram and McGuiness (1975, 1992),
using “arousal” to refer to the current energetic state,
and “activation” to refer to task-related mobilization
of arousal. This conceptualization is illustrated in
Fig. 1, where arousal variation is shown as a function
of time. Arousal generally increases from baseline
levels when the individual is engaged in a task, and
this change in arousal (from baseline to task) is iden-
tified as task-related activation. The construct of
“arousal” is always specific to the time of SCL meas-
urement, either resting (“baseline”) or “activated”
(during the task), while “activation” always refers to
a change in SCL from baseline to task. Barry and col-
leagues (2005) then linked the effects of arousal to
phasic physiological responses, similar to the OR
usage sketched above, and related the effects of acti-
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Fig. 1. The current conceptualization distinguishing between
“arousal” and “activation”. “Arousal” refers to the individ-
ual’s energetic state at any moment, and is measured by SCL
at that time. The task-related “activation” is defined as the
change in arousal from resting baseline to the task. During
a task, the current (activated) level of arousal affects physi-
ological response amplitudes, while the task-related activa-
tion affects behavior/performance on the task.
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vation to behavior/performance measures, such as
reaction time (RT). They used this conceptual divi-
sion to study children’s performance in a continuous
performance task (CPT).

One problem with the CPT is that stimuli have
short interstimulus intervals (ISIs), commonly around
1 s. The electrodermal response has an onset latency
between 1-3 s (Barry 1990), so the short ISI pre-
cludes the traditional stimulus-by-stimulus response
quantification of the phasic OR. An ERP-style aver-
aging approach was introduced by Barry and
O’Gorman (1987, 1989): electrodermal data time-
locked to each of the stimulus omissions in a fixed-
ISI paradigm were averaged for each time point in the
epoch, producing an average response to stimulus
omission. That methodology generated theoretically-
useful implications regarding the OR mechanism,
providing an incentive for its subsequent use. For
example, Barry and others (1993) used the method to
provide phasic OR response profiles to examine the
nature of N1 response decrement in an ERP habitua-
tion paradigm. The ERP-style response-averaging
approach was used by Barry and coauthors (2005) to
obtain a measure of the mean phasic OR across tar-
gets for each subject.

Arousal versus activation 181

Barry and coauthors (2005) found that the magni-
tude of the mean phasic OR elicited by target stimuli
was dependent on arousal, but not on task-related
activation. Performance measures (mean RT and
number of errors) improved with increasing activa-
tion, but not with arousal. They concluded that fur-
ther investigations using arousal and activation as
defined separable aspects of energetic function, and
examining their effects on physiological responding
and behavior, would be of value.

Therefore, the present study was designed to
explore this conceptualization in adult subjects, gener-
ally replicating the Barry and colleagues (2005) child
study. We hypothesized that the physiological
responses are dependent on the current arousal level,
and performance on the task is dependent on the task-
relevant activation. Our hypotheses predict that arous-
al level during the CPT will determine the phasic OR
to the target stimuli, but not behavioral performance.
In contrast, task-related activation, defined as the
change in arousal level from a resting state to the CPT,
will determine behavioral performance, defined in
terms of both shorter reaction times and fewer errors.

METHOD
Subjects

Twenty-two university students, 18 females and
4 males, aged from 18 to 21 years (mean age 19 years
and 5 months) participated in this study. Twenty of
the twenty two subjects were right handed. None
of the subjects had ever suffered an epileptic seizure,
serious head injuries, or periods of unconsciousness,
had hearing or vision problems, or received treatment
for heart/circulation/nerve or sensory problems.

Procedure

After the study was described and written
informed consent was obtained, data were collected
from each subject in an air-conditioned laboratory,
separate from the recording equipment and experi-
menter. Electrodermal activity was recorded from
7.5 mm diameter Ag/AgCl electrodes on the distal
phalanges of the second and third digits of the par-
ticipant’s non-preferred hand, at a constant voltage
of 0.5 V, with an electrolyte of 0.05 M NaCl in an
inert viscous ointment base.
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During an initial 3 min baseline resting period, the
subject was asked to sit quietly with eyes closed. The
subject was then presented with a “1-9” variant of the
CPT. This presented the digits 0 to 9 as 25 x 35 mm
numbers on a 35 x 24 cm computer monitor, in a prede-
termined order. Each digit was presented for 200 ms,
with an 830 ms interstimulus interval. The task consist-
ed of two blocks containing 180 stimuli, each with
15 random presentations of the pair “1” (cue) followed by
“9” (target). Subjects were required to respond only to
cued targets. Responses to target stimuli which followed
the cue (i.e. 9 following 1) within 1 000 ms of target onset
were deemed correct. Responses to target stimuli not pre-
ceded by a warning cue, to non-targets following cues, or
to other digits, were recorded as commission errors. After
a practice session, the task commenced when under-
standing of the instructions was evident. Another 3 min
baseline resting period was recorded after completion of
the task. Electrodermal activity was sampled continuous-
ly at 64 Hz. This procedure was approved by the joint
Illawarra Area Health Service / University of Wollongong
Human Research Ethics Committee.

Data processing

Baseline arousal level was derived for each partic-
ipant from the pre- and post-CPT resting periods.
This was calculated as the lowest two-min mean SCL
within either period. For each participant the mean
SCL from the 0.5 s epochs immediately before the
target stimuli during the CPT was taken as the acti-
vated arousal level. The difference between these
two estimated arousal levels (activated — baseline)
was taken as the task-related activation (see Fig. 1).

For each participant the mean phasic OR to the
targets was obtained by averaging the SCRs at each
point in the data stream over 10 s epochs time-locked
to the warning cue onset. The mean OR was defined
as the ERP-style response within this epoch with an
onset latency between 1 and 3 s from target onset
(following Barry 1990, Barry and O’Gorman 1987,
1989, Barry et al. 1993). The onset-to-peak differ-
ence was taken as the amplitude of the mean OR.

Behavioral measures of performance were taken
as the mean RT for correct responses, and the total
number of errors made by the subject. This was the
sum of errors of omission (no response to a target
within 1 s of its onset) and commission (responses
made to nontarget stimuli).

Statistical analysis

An initial repeated-measures ANOVA was used to
test whether there was a significant increase in
arousal from the baseline to activated state.
Subsequently, simultaneous multiple-regression
analysis was used to investigate the relationships
hypothesized in the introduction. Three measures
were taken as dependent variables: OR amplitude (in
uS), mean RT (in ms) and total number of errors.
Each of these was regressed on the independent vari-
ables — activated arousal level (uS), and task-related
activation (uS) — in separate analyses.

RESULTS
Task related activation

The overall SCL increased from 7.49 uS in the
baseline resting condition to 10.20 uS in the activat-
ed task condition. This activation was statistically
significant (F,,=6.12, P<0.05). As expected, the two
within-subject measures of arousal (“baseline” and
“activated”) were significantly correlated across par-
ticipants (r=0.58, P<0.005), sharing 33% of their
variance. The measure of activation within subjects
ranged from —6.60 uS to 15.62 uS, with a mean of
2.70 uS. Five of the 22 participants showed a deacti-
vation from baseline to the CPT. They had signifi-
cantly higher resting baseline levels (mean 12.77 uS)
than the 17 participants who increased their arousal
levels (mean 5.93 uS) (F,,,=7.58, P<0.05).

OR amplitude

An example of an ERP-style phasic OR to targets
is shown in Fig. 2. The top panel shows individual
response traces time-locked to cue onset for the first
10 targets (thin lines), together with their mean
(heavy line). This panel shows that the dominant
electrodermal response is time-locked to the target
onset, beginning approximately 1-2 s from target
onset and peaking some 3 s later. The bottom panel
shows the mean response for this subject over all tar-
gets. This demonstrates an onset latency of 1.55 s,
with a subsequent peak 2.78 s later.

In the two panels of Fig. 3, mean OR amplitude for
each participant is shown as a function of the inde-
pendent variables, arousal and activation. Each set of
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Fig. 2. An example from one participant of an ERP-style
mean phasic electrodermal OR to targets. The top panel
shows individual response epochs for the first 10 targets (thin
lines), together with their mean (heavy line); the bottom
panel shows the subject’s mean response over all 30 targets.

data has been fitted with a linear regression line to
indicate the relationship with the independent vari-
able, and the coefficient of determination is included
to indicate the strength of that relation. As shown in
the top panel, the phasic OR was directly dependent
on arousal level, F,,,=16.04, P<0.001, with the two
variables sharing some 49% of their variance. It was
not affected by task-related activation (#<1) (bottom
panel).

In order to check whether baseline or activated
arousal was the more important measure of arousal
predicting OR amplitude, a stepwise multiple
regression was carried out with both arousal meas-
ures included as independent variables. Only the
current (activated) arousal level was selected as a
significant predictor of the phasic OR (F|,=19.16,
P<0.001).
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Fig. 3. Individual measures of mean OR amplitude to target
stimuli, displayed as functions of arousal level (top panel), and
task-related activation (bottom panel). Each set of data in this
and subsequent figures is fitted with a linear regression line, and
the coefficient of determination for this regression is indicated.

Behavioral Outcomes
REACTION TIME

The mean RT for each participant is shown in relation
to each of the independent variables in the separate panels
of Fig. 4. There was no significant effect of arousal level
(P=0.18) on this variable (top panel). As shown in the bot-
tom panel, RT decreased significantly with greater levels
of task-related activation (F,,,=3.76, P<0.05), an effect
explaining some 29% of the variance in these measures.

ERRORS

The total number of errors for each subject is dis-
played as a function of the independent variables in the
panels of Fig. 5. The mean number of errors for all sub-
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Fig. 4. Mean reaction time of each subject as a function of
arousal level (top) and task related activation (bottom)

jects was small (0.77) and was not significantly affect-
ed by arousal or activation (Fs<1).

DISCUSSION

Since the overall increase in arousal level from the
baseline to the CPT was significant, the concept of task
related activation, and the use of the arousal change as
its measure, is supported. The significant correlation
between the resting and activated arousal signified that
they share some 33% of the between-subject variance,
and this allows a potential for between-subject differ-
ences in task involvement, in addition to baseline
arousal levels, to contribute to differences in the acti-
vated arousal level.

At the individual level, 17 of 22 subjects showed
this task-related activation from the baseline condition
to the CPT condition, while the other 5 showed a deac-
tivation. A similar finding was reported by Barry and
coauthors (2005). They noted that the subgroup of sub-
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Fig. 5. Total number of errors in relation to differences in
arousal level (top), and task-related activation (bottom)

jects who showed a negative level of activation in the
task had significantly higher baseline arousal levels,
suggesting that they might perhaps have been anxious
at the beginning of the laboratory session, with their
arousal elevated above true resting levels. To avoid this
phenomenon, they suggested that future studies should
obtain baseline arousal measures from both the begin-
ning and end of the experimental session and use the
lower of these measures as the best estimate of resting
arousal level. The present study followed this sugges-
tion, and used the lower of the arousal measures from
the beginning and end of the experimental session as
baseline. Even so, there were 5 subjects with negative
activation, again with elevated “baseline” levels. This
finding suggests that the 3 minute periods used as
potential baselines may not be long enough for the
SCL to reach its minimum level, either at the beginning
of the session, or after the CPT. Other investigators
have used a longer period of resting time to allow SCL
to asymptote. For example, Del-Ben and others (2001)



and Moya-Albiol and others (2001) defined their base-
line after 10 minutes of rest, and Andersson and Finset
(1998) recorded their baseline SCL after 15 minutes of
rest. Recent unpublished data from our laboratory sug-
gests that SCL. may continue dropping for a period of
20-30 min before reaching a stable level. We thus sug-
gest that a longer period of rest for the five subjects
who showed a negative activation would have ensured
a lower level of baseline, which in turn would have
resulted in a positive activation measure. This would
also affect the activation level for other subjects in an
additive fashion. Future attempts to explore the arous-
al/activation conceptualization should ensure a longer
period of rest before estimating the baseline level.!

A phasic OR to the target stimuli in the CPT was
apparent during the task. This was similar in latency
and morphology to previous studies in this laboratory
(Barry and Sokolov 1993, Barry et al. 2005). The step-
wise multiple regression showed that the current
arousal level, rather than the baseline arousal, or the
activation, was the significant predictor of the phasic
OR. This finding supports the notion that the current
arousal level acts as an amplifier of the phasic OR
elicited during the CPT (Barry et al. 2005). As noted in
the Introduction, this is consonant with the amplifying
role attributed to arousal in both Sokolovian and dual-
process theories of OR evocation.

The measure of task-related activation was found to
determine behavioral efficiency in terms of RT. Current
arousal level did not affect RT. These results provide
noteworthy support for our previous findings (Barry et
al. 2005) and our hypotheses in the present study. We
did not find a significant correlation between activation
and number of total errors. A negative relationship was
found between these variables in the previous study,
where increasing activation was accompanied by error
reduction (Barry et al. 2005). The paucity of errors in
the present study (mean = (0.77), compared to the previ-
ous study (mean = 1.95), may explain this finding.
Future attempts to explore the relationship between
activation and performance in terms of number of
errors could manipulate task difficulty to ensure greater
error numbers to assist statistical analysis.

The overall findings of the present study indicate
that arousal and activation can be conceptually sepa-
rated — the former as the energetic state at a particular
time, and the latter as the change from a resting base-
line to the task situation. We found that current arous-
al level significantly affected OR magnitude, but not
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behavior in the CPT. In contrast, activation in the CPT
affected at least one of the measures of behavior in the
task, but not the OR to the target stimuli. These find-
ings support the previous arousal/activation findings
from this laboratory. The important effects in this study
were of greater strength, with the significant 7* values
ranging from 0.32 to 0.48.

This study was similar to our previous study (Barry
et al. 2005) in exploring the arousal/activation con-
cepts across subjects. Each subject provided one data
point in each panel of Figs 3, 4, and 5, and hence the
study can be thought of as examining individual dif-
ferences in state measures, and the effects of these
differences on phasic OR and behavioral performance
outcomes. Future studies in this area could usefully
explore these relationships on a within-subject basis.

CONCLUSIONS

The overall results of the present study verify previ-
ous findings concerning differentiation of the energet-
ics dimension into “arousal” and “activation”. Arousal
affects physiological responding, such as the phasic OR
magnitude, while task-related activation affects behav-
ioral performance. The importance of this separation is
that it may be useful in modifying and refining the con-
ventional understanding of the role of the energetics
dimension in physiological and behavioral perform-
ance. In turn, this may encourage further research
aimed at building on this foundation and re-assessing
the role of energetics in psychophysiology. Pursuing
this line of investigation in terms of individual differ-
ences in skilled performance, perhaps in a re-thinking
of the inverted-U hypothesis, could be fruitful.
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