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Examination of arousal changes by physiological indexes during task performance.
Haruo Shinoda and Tomoyuki Yoshida (Institute of Psychology, University of Tsukuba, Ibaraki 305)

Reaction time was measured in eight subjects during a simple motor reaction time task while
recording the EEG, heart rate, In a session 103
puretone-stimuli were presented to each subject at the rate of one pulse per 40ms. EEGs were recorded
at Cz and Oz. The EEG wave-form of Cz during 5s preceding the stimulus-onset was classified into
seven patterns by visual inspection, which were ordered in terms of the arousal level. Furthermore, to

respiration and galvanic skin response.

examine EEG patterns objectively, the power spectrum of each pattern was calculated. Reaction time
correlated with these EEG patterns and the heart rate. That is, reaction time decreased with amplitude
decrease and disappearence of the @ -rhythm in EEGs (pattern 7 — pattern 1). It was suggested that
these patterns were good indeces to estimate the relationship between reaction time and arousal level.
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Table 1
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Psychological states amd their EEG, conscious

and behavioural correlates, after Lindsley, D.B. (1952)

Behavioral continuum Electroencephalogram

State of awareness

Behavioral effciency

Desynchronized: low to
moderate amplitude; fast,
mixed frequencies.

Strong excited emotion
(fear; rage; anxiety)

Partially synchronized:
mainly fast, low amplitude
waves.

Alert attentiveness

Relaxed wakefulness Synchronized: optimal

alpha rhythm.

Drowsiness Reduced alpha and occa-
sional low amplitude slow
waves.

Light sleep Spindle bursts and slow
waves (larger). Loss of
alphas.

Deep sleép Large and very slow waves
(synchrony but on slow

time base). Random,

irregular patterm.

Coma Isoelectic to irregular large

slow waves.

Death Isoelectic: gradual and
permanent disappearance

of all electrical activity.

awarenss: di-
diffuse,

Restricted
vided attnetion;
hazy; “Confusion”.

Selective attention, but may
vary or shift. “Concentra-
tion” anticipation, “set”.

Attention wanders-not
forced.
Favours free association.

Borderline, partial aware-
ness. Imagery and reverie.
“Dreamlike states”.

Markedly reduced
consciousness (loss of
consciousness)

Dream state.

Complete loss of awareness
no memory for stimula-
tion for dreams).

Complete loss of conscious-
ness; little or no response
to stimulation; amnesia.

Complete loss of awareness
as death ensues.

Poor: lack of control, freez-
ing-up, disorganized.

Good: efficient, selective,
quick, reactions. Organized
for serial responses.

Good: routine reactions and
creative thought. .

Poor:
adie,
timing.

uncordinated, spor-
lacking "sequential

Absent

Absent

Absent

Absent
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Fig. 1  The model of EEG patterns corresponding to arousal levels.
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Fig. 2 The change of EEG pattern, autonomic physiolo-
gical indexes and simple reaction ‘time to stimuli
presented repeatedly.
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Fig. 3  The simple reaction time in each EGG pattern.
Vertical lines show 1/2SD. N is the total number
of subjects in each EEG pattern. * % p<.013%
<.05
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Fig. 4 An example of the power spectrum in each EEG
pattern. An oblique axis shows EEG patterns. A
horizontal axis shows frequency.
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Fig. 5 The amount of total energy of @ , 8 , & band in
power spectrum of each EEG pattern. Each point
indicates the mean power and vertical line is
1/2SD (N is the number of subjects) . A horizon-
tal axis shows EEG pattern, and a vertical axis ‘is
the amount of power.
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Fig. 6 The mean of heart beats for 20sec before and after
stimulus onset in each EEG pattern. Each point
indicates the mean of six subjects based on the
mean score of each subject. * ¥ p<.01 *p<.05

The mean of speaman’s correlation coefficients

between physiological indexes and simple reaction times. % %p<.01 % <.05
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Table 3 The matrix of correlation coefficients between
EEG patterns and autonomic physiological indexes. * % p<.01 *p<.05
EEG pattern HR (Pre) RESP. (Pre) GSR GSR latency
EEG pattern | ——————— 0.512% 0.102 0.079 —0.124
HR (Pre) |———~———| —————=— 0.156 0.089 —0.017
RESP. (Pre) |———~———=| —=——— |——————=— 0.064 —0.033
GSR |}————— - |- —0.100
'GSR latency | ———————| —————— | —m e ———————
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