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ABSTRACT  Pulse rate and cephalic pulse volume were recorded from 17 male and 37 

female normal subjects during performance of an attentional task under high and low stress 

conditions.  Verbal threshold (perceptual sensitivity) and word recognition (attention) were 

assessed using a visual verbal recognition task.  Subjects were divided at the median for 

pulse rate and pulse volume during baseline, instruction, and task periods and grouped in 

terms of these two measures to represent different patterns of parasympathetic (vagal) and 

sympathetic activity.  Analysis of variance was used to examine the effects of gender, stress 

condition, and autonomic pattern on autonomic activity, perceptual sensitivity, and 

attentional performance.  Gender showed significant effects for pulse rate with higher 

scores for women during the instruction and task periods.  High stress reduced perceptual 

sensitivity and resulted in better attentional performance.  Whereas stress-induced 

sympathetic activity was related to low perceptual sensitivity and good attentional 

performance, high sympathetic in conjunction with low vagal baseline activity predicted 

relatively high perceptual sensitivity and poor attentional performance.  Low or high 

baseline activity in both autonomic systems predicted low perceptual sensitivity and good 

attentional performance.  Predictions of perception and attention can be improved by 

examining the effects of patterns of sympathetic and parasympathetic activity. 
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Introduction 

Measures of cardiovascular functions are considered highly relevant to the processes 

involved in sustained attention (e.g., Matthews et al., 1990; Suess et al., 1994).  Porges 

(1992) proposed that attentional processing is an ergotropic process, resulting in disruption 

of normal homeostatic processes and a loss of parasympathetic tone.  Resting heart period 

and an index of vagal activity derived from sinus arrhythmia during a rest period prior to a 

continuous performance task were found related to attentional performance on the task 

(Suess et al., 1994).  It was hypothesized that high resting cardiac vagal activity is 

associated with good attentional capacity (Porges, 1992; Suess et al., 1994).  Munro et al. 

(1987), on the other hand, reported that the greater the degree of task-induced sympathetic 

nervous system arousal (measured by frequency of spontaneous skin conductance 

responses) the less of a decrease in perceptual sensitivity over time during an attentional 

task.  Subjects who demonstrated a high frequency of spontaneous electrodermal responses 

(high sympathetic arousal) while at rest ("electrodermal labiles") showed good performance 

on an attentional task (Dawson et al., 1990).  Such lability reflects the ability to allocate 

information-processing capacity to stimuli that are to be attended (Katkin, 1975; Schell et 

al., 1988). 

The above findings indicating that a high level of resting parasympathetic and of 

resting sympathetic activity can each facilitate attention suggest an apparent contradiction, 

as the two systems are usually seen as acting in opposition to one another.  However, this 

latter view is oversimplified as increased vagal activity and increased sympathetic activity 

can both occur concurrently (De Marinis et al., 1995; Hugdahl, 1996), reflecting 

independent sources of neural control.  Berntson et al. (1996) demonstrated that mental 

arithmetic was associated with a reciprocal pattern of sympathetic activation and vagal 

withdrawal.  A visual illusion task, however, yielded a distinct mode of vagal activation in 

the absence of sympathetic change.  These varying patterns of autonomic response 

emphasize the importance of multivariate theories of autonomic control (see Porges, 1995). 
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Lacey et al. (1963) formulated the view that different patterns of parasympathetic and 

sympathetic activity are associated with different kinds of task involvement, based on 

studies of electrodermal and heart rate responses.  They detected concurrent sympathetic-

like increases in both measures as well as an increase in the former and a decrease in the 

latter.  Lacey focused on two kinds of interactions associated with autonomic response 

patterns, one in which attention is directed to an internal task or process (environmental 

rejection) and one in which attention is directed to an external stimulus (environmental 

intake).  Following Lacey’s formulations (Lacey, 1959; Lacey et al., 1963) and the other 

research cited, we expect that individual differences in attentional performance should be 

associated with different patterns of sympathetic and parasympathetic nervous system 

activity.  Sympathetic activity should increase in each type of task involvement, but 

parasympathetic activity should depend on the specific task requirements.  For example, 

during the 4-s preparatory interval of a reaction time task, a pattern of heart deceleration 

and a corresponding small increase in blood pressure has been observed (Paller and 

Shapiro, 1983). 

These relationships are further complicated by the fact that resting autonomic activity 

is a relatively stable trait of the individual (Dawson et al., 1990; Kronholm et al., 1996), 

which has a genetic origin (Snieder et al., 1997).  Baseline or resting autonomic activity is 

associated with performance on attentional tasks (Katkin, 1975; Schell et al., 1988; Porges, 

1992; Suess et al., 1994).  Generally, when attention reduction occurs during a task, it is 

greater in subjects with low sympathetic activity (stabiles) than in subjects with high 

sympathetic activity (labiles).  Thus, the concept of individual differences in sympathetic 

arousal based on the electrodermal activity model becomes a more general behavioral 

model of attentional performance. 

Other researchers have followed up on the hypothesis that high parasympathetic 

(vagal) tone is associated with good attentional capacity.  Porges and others researchers 

(e.g., Kalsbeek, 1973; Porges, 1980; Mulder and Mulder, 1981; Porges, 1992) proposed 
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hypotheses regarding the link between vagal-mediated changes in heart rate variability and 

individual differences in attention, meaning that high resting cardiac vagal activity as 

individual trait is associated with good attentional capacity.  For example, Suess et al. 

(1994) showed that subjects with high resting vagal activity (e.g., slow heart rate) differed 

from subjects with low resting vagal activity in their performance at the beginning of an 

attentional task.  The authors concluded that a significant positive correlation between 

resting vagal activity and attentional performance reflects individual differences in ability 

to sustain attention early in the task.  They failed to detect a significant interrelation 

between cardiac activity and attentional performance during the final stage of the task.  The 

findings of Weber et al. (1994) present a challenge to the vagal tone theory of attentional 

control by suggesting age changes in attention (counting target stimuli) and phasic heart 

rate change control that are not associated with a concomitant change in respiratory sinus 

arrhythmia.  Paller and Shapiro (1983) did not find significant correlations between task 

performance (response latency in a reaction time task) and systolic blood pressure or heart 

rate changes.  They also observed that the blood pressure and heart rate changes were 

independent of one another, suggesting a dissociation between excitatory sympathetic 

(alpha-adrenergic innervation of the vasculature) and parasympathetic (cholinergic 

innervation of the myocardium by the vagus nerve) influences during the task.  It is clear 

from the apparent inconsistencies in these empirical observations and theoretical statements 

that more research is needed to further our understanding of concurrent sympathetic and 

parasymapthetic changes in attentional tasks. 

The present study had three major objectives.  The first was to evaluate the role of 

parasympathetic and sympathetic activity as correlates of perceptual sensitivity and 

attentional performance.  The second was to determine whether the prediction of sensitivity 

and performance can be improved by examining the combined effects of parasympathetic 

and sympathetic activity.  The third was to determine the effects of psychosocial stress and 

gender on various task and autonomic measures. 
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We measured changes in pulse volume and pulse rate to assess sympathetic and 

parasympathetic responses and response patterns.  Although psychophysiological research 

indicates an association between changes in sympathetic activity and effort or strain in 

cognitive activity (Kagan et al., 1988; Borson et al., 1989; MacDowell and Mandler 1989) 

and an association between sympathetic activity and decreases in peripheral blood flow 

(Stone and Hokanson, 1969; Mathews and Lader, 1971; Guyton, 1981), the relation 

between pulse volume and sustained attention has been less well investigated.  Sympathetic 

nervous system activity was evaluated by skin blood flow (pulse volume), which is reduced 

via direct sympathetic nerve innervation and via circulating epinephrine and norepinephrine 

(Guyton, 1981).  Parasympathetic nervous system activity was assessed by pulse rate 

(Suess et al., 1994), because heart rate changes within the normal range are believed to be 

primarily parasympathetically controlled (Papillo and Shapiro, 1990). 

The tasks that have mainly been used to study sustained attention include choice 

reaction time or tracking tasks, which provide quantitative measures of vigilance (Paus et 

al., 1997).  In the present study, fluctuations in sustained attention or vigilance were 

assessed with a word recognition task.  As discussed in previous papers (Dawson et al., 

1989; Filion et al., 1991; Filion et al., 1994), an attention task usually requires subjects 

continuously to monitor the environment for presence of a target stimulus.  In the present 

investigation, a tachistoscopic method was used to present two unrelated words separated 

by a short interval of time, and performance was measured by the accurate detection of the 

targets.  It was hypothesized that the difference in first (forward masking) vs. second 

(backward masking) word detection reflects a difference in attention (see Methods section).  

This difference in attention may be related to stress or other situational factors or to 

individual differences in sustained vigilance (Dawson et al., 1990).  Performance was 

assessed as a total score for the whole session. 

We also examined thresholds for detecting single words.  This measure of perceptual 

sensitivity is a less complex measure of information processing in contrast to performance 
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on the word recognition task.  We expected that the relationships between autonomic 

activity and these two different behavioral measures might differ as a function of the 

resources needed to perform the task. 

Social evaluation threat was used to determine the effects of situational stress on 

performance and on autonomic responses to the task (Smith et al., 1984; Smith et al., 

1997).  Social stressors increase vasoconstriction (Smith et al., 1984) and heart rate (Smith 

et al., 1997).  These cardiovascular responses during the social task are similar to effects 

obtained using nonsocial cognitive or vigilance tasks (Smith et al., 1997).  The studies 

showed that such stress effects on cardiovascular activity were not dependent on gender in 

any analyses; hence, in the present study, the means presented were collapsed across each 

factor.  By examining the effects of social stress on a vigilance task, we were able to 

evaluate similarities and differences in behavioral and autonomic responses to the same 

task under different conditions.  Specifically, we wanted to determine the degree to which 

baseline as compared to activity of autonomic measures during the task predicts differences 

in sustained vigilance and how these relationships are affected by social stress. 

 

Methods 

Subjects 

The subjects were 17 male and 37 female undergraduate medical students who were 

randomly assigned to a low stress (13 male, 16 female) or to a high stress (4 male, 21 

female) condition.  An additional 11 subjects were randomly assigned to a group without 

transducer attachment to determine whether presence of the forehead transducer had an 

effect on visual perception.  Presence of the forehead transducer did not affect the results.  

Subjects were studied individually. 

 

Physiological Recording Methods  
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Pulse rate (PR) and frontal pulse volume (PV) were recorded with a reflectance 

photoelectric plethysmographic transducer attached to the central area of the subject’s 

forehead (right above and half way between the the arches of the eyebrows) using AC 

amplifiers (time constant = 0.03 s) on an 8-channel Nihon Kohden multipurpose polygraph 

(RM-86). The data were displayed on paper. 

Although little is known about the relationship between frontal pulse volume and 

attention, we chose this measure for the following reasons:  Frontal PV has been used to 

estimate orienting, defense, and startle reflexes (Turpin, 1986; Turpin and Siddle, 1983), 

mechanisms of which are associated with attentional and vigilance processes (Dawson et 

al., 1990).  The frontal area of the brain has been used to obtain indirect estimates of 

intracranial blood vascular activity (Chance et al., 1993; Okada et al., 1994).  The blood 

supply to this area is affected by the internal and external carotid arteries (Skolnick et al., 

1979). 

Pulse Volume (PV) and Pulse Rate (PR) were scored by the procedures described in 

Turpin and Siddle (1983).  The number of pulse spikes within each 20-s interval was 

counted and expressed in bpm.  PV was scored by measuring the height of pulse spikes 

within each interval in mm from the diastolic trough to the systolic peak and transforming it 

into µV.  PR and PV were scored and averaged for each 20 sec period (about 12 measures 

for Session 1 and about 15 for Session 2).  This 20-sec interval is the minimum time needed 

to average effects related to pulse volume itself, respiration, and neuropsychological 

processes (Moshkevich, 1970).  Data from the initial and final baseline periods were 

averaged to obtain a single mean baseline value for PV and PR (PVb, PRb).  This was done 

because there was no difference in PR and only a slight difference in PV between the two 

baselines.  Moreover, the final baseline was not affected by the stress condition.  Mean 

values were also obtained for the instruction period (PVi and PRi) and for Session 1 (PV1 

and PR1) and Session 2 (PV2 and PR2) sessions.  In statistical analyses of the findings for 
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periods other than the baseline, we used the absolute measure of PV inasmuch as post-hoc 

analyses using baseline PV as a covariate did not affect the results (see Smith et al., 1984). 

 

Perceptual Sensitivity and Attention Tasks 

Session 1 was used to obtain the visual verbal threshold (perceptual sensitivity), in which 

ten different words were randomly presented.  Each word could be presented more than 

once.  We determined from pilot studies that the repetition of words did not diminish the 

thresholds or affect the results in Session 2 in which performance was threshold dependent.  

In Session 2, attentional performance was assessed using 18 pairs of words in more than 18 

trials.  Each presentation of a word pair constituted a trial.  Although word frequency and 

word length varied widely in the experiment as a whole, no words rarely used in Russian 

were included, and the words in each pair were comparable in both frequency and length.  

In Session 1, word frequency was almost identical, and all words were seven letters long.  

As language constructions are typically grasped when the components are perceived 

separately and not as a whole, slight differences in word length were not considered critical 

to the design of the study (Gregory, 1972).  Pilot experiments as well as post-hoc analyses 

of data from the present study showed no correspondence between word frequency and 

their identification in Session 1 or Session 2. 

During both sessions, the words were displayed at the center of a black-and-white 

display by means of a PDP-compatible computer.  All time-dependent parameters of 

presentation of the words were synchronized to the screen refresh rate of the display.  Black 

words were generated on a gray background fixation box, the length of which corresponded 

to the length of the word, followed by production of a gray blank mask to eliminate after 

images, which was active until the next word or word pair was presented.  In Session 1, 

exposure time started at 20 ms and was increased in increments of 20 ms until the subject 

correctly identified three successive words.  This exposure time was designated as the 

visual verbal threshold (VVT), the measure of perceptual sensitivity.  In Session 2, each of 
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the words in the word pairs was presented at the VVT exposure time.  In this session each 

two-word presentation constituted a trial; the interval between the words of a pair varied 

from 40 ms up to the interval at which the subject correctly identified a minimum of one 

word in the pair.  For each pair of words the number of trials could be more than one.  The 

interstimulus period for the single words in Session 1 and the intertrial period for the word 

pairs in Session 2 was 3 s (Polich et al., 1983).  This period was sufficient for the response.  

During the experiment, subjects were seated in a soundproofed and dimly lit room.  

Subjects determined how far away from the screen they wanted to be seated for best 

viewing of the stimuli. 

Scores on the visual task performance were averaged and transformed.  For purposes 

of the analysis, an index of attention (ATT) was derived which reflected the detection 

either of the first or the second word in each pair initially.  Since both words were 

physically similar, followed by masks, and were defined as targets, the subject’s attention 

had to be engaged on the to-be-attended channel.  With supraliminal exposure, the subject 

can detect both words in the forward order or the first word in the pair when detection of 

the second word is temporally suppressed by forward masking of the first word context 

(Lukatela et al., 1991).  If attention is occupied by other processes and temporarily 

unavailable for word recognition, then that results in temporal omission (or suppression) of 

the first word in the pair, which is due to backward masking by the second word context.  

Since the mechanism of backward masking is connected with a limitation of capacity of the 

sensory channel for proper representation of the first stimulus (Mesherski, 1982), a 

backward masking opposite to forward masking is indicated as primarily cortical and useful 

in assessing aspects of cognitive dysfunction (Schlapfer et al., 1991).  Other experiments 

provide evidence that the improvement in signal detectability under conditions of backward 

masking is due to enhanced sensory processing (Wolford et al., 1988).  In the present study, 

it was hypothesized that the difference in primarily first (forward masking and forward 

order of words recognition) vs. second (backward masking and backward order of words 
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recognition) word detection reflects a difference in attentional strategy.  We assume that 

detection of the first word indicates superior attentional peformance.  An average index of 

attentional performance for the whole session (ATT) was calculated as follows: 

ATT=(n1-n2)/(n1+n2); 

where n1 and n2 equal the number of pairs with detection of the first and the second word 

of the pairs.  ATT varied from -1 to +1, with positive ratios meaning «good» attention. 

 

Procedure 

After the transducers were attached, subjects were asked to sit quietly for 5 min.  

Physiological data from the last 2 min of this period constituted the initial baseline.  

Instructions were then given via the display of the computer.  All subjects were told that 

they had to identify and distinguish words and word pairs presented on the screen.  Subjects 

were instructed to name the words in each word pair in the order they were detected.  

Subjects in the high stress condition were further informed that their performance would be 

evaluated in terms of the level of intelligence evident in their responses.  Subjects in the 

low stress condition were told that the experiment was concerned with physiological 

correlates of simple vision; no mention was made of any evaluation whatsoever.  The time 

of this instruction period was about 1 min.  Then, Session 1 followed in which the visual 

verbal threshold was determined (about 4 min), followed immediately by Session 2 

(attention task) (about 5 min).  In both high and low stress conditions, the stimuli used were 

identical.  At the end of Session 2, subjects were asked to sit quietly for 2 min while a 

second baseline physiological recording was made. 

The region of rejection for the null hypothesis was set at the p  < .05 level. 

 

Results 
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Effects of Gender and Psychosocial Stress on Perceptual Sensitivity, Attentional 

Performance, and Autonomic Measures 
 

Prior to analyses of individual differences, the effects of gender and stress on VVT, ATT, 

and autonomic measures were tested with one-way ANOVAs.  Analysis of PR indicated a 

significant gender effect, such that women had a higher PR during the instruction period 

and both Session 1 and Session 2 (F(1,53)=5.57, p<.05; F(1,53)=6.24, p<.05; F(1,53)=7.33, 

p<.01, respectively).  Gender was not significantly related to VVT or PV (Table 1).  

Although women scored higher on ATT, the difference in attentional performance was not 

statistically significant (F(1,53)=2.86, p<.10).  Therefore, further analyses were conducted 

without consideration of gender effects on VVT and ATT and the means presented in 

analyses of individual differences were collapsed across this factor. 

ANOVA showed that high stress instructions resulted in greater vasoconstriction, 

however the effect was not statistically significant (F(1,53)=2.94, p<.10) (see Table 2).  

Scores of VVT and ATT were significantly lower in the low stress condition (F(1,53)=5.37, 

p<.05; F(1,53)=4.87, p<.05, respectively)  In general, compared to high stress, low stress 

tended to result in less sympathetic activation (larger PV amplitude), higher perceptual 

sensitivity (low VVT), and backward attentional strategy (low ATT) on the task.  Stress did 

not significantly affect PR. 

Means for PV, PR, VVT, and ATT calculated separately for Gender and Condition are 

presented in Tables 1 and 2. 

 

Sympathetic and Parasympathetic Activity as Correlates of Perceptual Sensitivity and 

Attentional Performance 

Subjects were divided at the median for sympathetic and parasympathetic activity during 

the baseline period (PVb and PRb), the instruction period (PVi and PRi), Session 1 (PV1 

and PR1), and Session 2 (PV2 and PR2).  Simple one-way ANOVAs of ATT and VVT 
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were conducted with each parasympathetic (high vagal activity vs. low vagal activity) and 

each sympathetic grouping (high sympathetic activity vs. low sympathetic activity).  

Significant effects for mean ATT were obtained for PVb, PVi, and PV1 (F(1,53)=6.22, 

p<.05; F(1,53)=9.08, p<.005; F(1,53)=9.08, p<.005, respectively).  High sympathetic 

activity during baseline (PVb), the instruction period (PVi), and prior to the attentional task 

(Session 2) predicted a backward strategy of attentional performance.  No significant 

effects were found for PV activity during Session 2 or PR activity during baseline and other 

periods.  Perceptual sensitivity did not show any significant effects. 

A two-way ANOVA of Condition X Autonomic Group revealed no significant 

interactions for any of these measures. 

 

Combined Effects of Sympathetic and Parasympathetic Activity 

Means for PV, PR, VVT, and ATT calculated for each sympathetic/parasympathetic 

grouping are presented in Table 3.  Two-way ANOVAs were performed with sympathetic 

and parasympathetic baseline activity as independent factors to evaluate their interactive 

effects on perceptual sensitivity and attentional performance.  A significant interaction was 

obtained for mean VVT (F(1,53)=4.32, p<.05).  Although the effect for ATT did not reach 

the .05 level (F(1,53)=2.80, p=.10), planned comparison of contrasts revealed that for 

subjects of Group 2 (Table 3) with high sympathetic and low vagal baseline activity ATT 

was lower than for subjects in the other autonomic groupings (F(1,50)=3.34, p<.10; 

F(1,50)=6.02, p<.05; F(1,50)=8.07, p<.01, respectively, see Table 3).  Moreover Group 2 

had a significantly lower mean VVT than Group 1 (F(1,50)=4.42, p<.05), which had 

concurrently high scores for both sympathetic and vagal activity, and a lower mean VVT 

than Group 4 (F(1,50)=3.45, p<.10), which had concurrently low scores for both 

sympathetic and vagal activity, although the latter difference was not statistically 

significant.  Thus, high sympathetic baseline activity, especially with concurrent low vagal 

activity, tended to predict high perceptual sensitivity and backward strategy of attentional 
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performance.  Furthermore when both autonomic activities were concurrently high or low 

during baseline, perceptual sensitivity was low and dominant attentional strategy was 

forward masking and forward detection order. 

Two-way ANOVAs were also performed with sympathetic and parasympathetic 

activity during instruction and Session 1 and 2 periods to evaluate their interactive effects 

on perceptual sensitivity and attentional performance.  Although correlations between 

baseline and on-task autonomic activitites were high, these analyses were conducted to test 

reliability of the effects.  Planned comparison of contrasts revealed that for subjects with 

high sympathetic and low vagal activity during instructions or Sessions 1 and 2, ATT was 

significantly lower than for subjects with low sympathetic and high vagal activity 

(F(1,50)=4.86, p<.05; F(1,50)=4.53, p<.05; F(1,50)=4.76, p<.05, respectively).  For 

subjects with high sympathetic and low vagal activity during Session 1, ATT was also 

significantly lower than for subjects with concurrently low scores for both sympathetic and 

vagal activity (F(1,50)=5.67, p<.05).  Moreover subjects with high sympathetic and low 

vagal activity during the instruction period had a lower mean VVT than subjects who had 

concurrently low scores for both sympathetic and vagal activity (F(1,50)=2.85, p<.10), but 

the difference was not statistically significant.  Thus, high sympathetic activity with 

concurrent low vagal activity during the instruction period predicted high perceptual 

sensitivity and backward strategy of attentional performance.  Furthermore, in contrast to 

the former group, low sympathetic with concurrent high vagal activity during instructions 

and the sessions periods predicted forward strategy of attentional performance.  When both 

autonomic activities are concurrently low during instruction period, perceptual sensitivity 

was low. 

Three-way ANOVAs (Condition X Sympathetic Group X Parasympathetic Group) 

revealed no significant interactions with Condition for any of these measures, and thus the 

means presented in analyses of individual differences were collapsed across this factor. 
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Discussion 

In agreement with the findings of Smith et al. (1984), who used digital pulse volume as an 

index of anxiety in their study, cephalic pulse volume was responsive to the threat 

manipulation during the instruction period.  Greater vasoconstriction was shown during the 

high stress compared to the low stress instructions.  Perceptual sensitivity and attentional 

performance were also affected by the different levels of threat.  Scores of perceptual 

sensitivity and attentional performance were lower in the low stress condition.  Since a 

variety of psychological processes are associated with sympathetic nervous system activity 

and levels of circulating catecholamines, it is clear that these measures (pulse volume, 

sensitivity, performance) need to be evaluated in the context of additional measures if they 

are to be interpreted as indices of stress or anxiety.  Cardiovascular measures were also 

affected by gender.  Women had a higher pulse rate than men during the instruction period 

and during the task itself. 

With regard to baseline autonomic activity, differences between subjects in 

sympathetic but not parasympathetic activity predicted attentional performance.  

Furthermore, high sympathetic in conjunction with low vagal baseline activity predicted 

high perceptual sensitivity and preference of backward attentional strategy, whereas stress-

induced sympathetic activity was related to lower perceptual sensitivity and preference of 

forward attentional strategy.  However, when the two autonomic systems are both high or 

the two systems are both low in baseline activity, the result was low perceptual sensitivity 

and a forward attentional strategy.  Thus, when subjects had high sympathetic baseline 

activity, the additional factor of high or low concurrent parasympathetic baseline activity 

predicted, respectively, low or high perceptual sensitivity and forward or backward 

attentional strategies.  Therefore, in subjects with high baseline sympathetic activity, 

behavior-autonomic interrelations may be interpreted from the standpoint of the concept of 

parasympathetic control of perceptual sensitivity and attentional performance (Porges, 

1992).  In subjects with low parasympathetic baseline activity, differences in high or low 
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sympathetic baseline activity predicted, respectively, high or low perceptual sensitivity and 

backward or forward attentional performance.  Thus, in subjects with low baseline vagal 

activity behavior-autonomic interrelations may be examined from the standpoint of the 

concept of sympathetic control of perceptual sensitivity and attentional performance.  

Consequently, behavior-autonomic interrelations are under control of both branches of the 

autonomic nervous system, but the predictive value of each system depends on the 

associated level of baseline activity of the other system. 

Additional analyses of patterns of autonomic activity showed that high sympathetic 

activity with concurrent low vagal activity during the instruction period predicted high 

perceptual sensitivity and backward attentional strategy.  In contrast, low sympathetic with 

concurrent high vagal activity during the instruction and task periods predicted forward 

attentional strategy.  When both autonomic activities were concurrently low during the 

instruction period, perceptual sensitivity was low.  Thus, attentional performance was under 

the control of both sympathetic and parasympathetic systems, but perceptual sensitivity was 

primarily affected by the sympathetic system.  A decrease in sympathetic activity with a 

concurrent increase in vagal activity may induce a transition from the forward to the 

backward strategy in attentional performance.  An increase in sympathetic activity with 

unchanged low vagal activity may predict increased perceptual sensitivity. 

Both words of each pair in our study were physically similar, followed by masks, and 

were defined as targets.  With supraliminal exposure, the subject detected both words in the 

forward order or the first word in the pair when detection of the second word is temporally 

suppressed by forward masking of the first word context.  When attention was occupied by 

other processes and temporarily unavailable for word recognition, then that resulted in 

temporal omission of the first word in the pair (or order of words recognition was 

backward), which is due to backward masking by the second word context.  Since the 

mechanism of backward masking is connected with a limitation of capacity of the sensory 

channel for proper representation of the first stimulus (Mesherski, 1982), a backward 
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masking opposite to forward masking is indicated as primarily cortical and useful in 

assessing aspects of cognitive dysfunction (Schlapfer et al., 1991).  Other experiments 

provide evidence that the improvement in signal detectability under conditions of backward 

masking is due to enhanced sensory processing (Wolford et al., 1988).  Thus, it may be 

hypothesized that the difference in forward masking and forward order of recognition vs. 

backward masking and backward order of recognition reflects a difference in attentional 

strategy.  It may be assumed that the former (forward strategy) indicates a high level and 

the latter (backward strategy) a low level of information processing and attention. 

In distinguishing attentional and arousal domains, Dawson et al. (1994) interpreted a 

trait physiological (sympathetic) indicator of hyporesponsiveness (skin conductance 

orienting responses) as an attentional deficit rather than a deficit of physiological arousal.  

Suess et al. (1994) found that high vagal activity derived from cardiac activity related to 

high attentional performance on a task. Lacey (Lacey et al., 1963) detected concurrent 

sympathetic-like increases in sympathetic and parasympathetic activity, as well as an 

increase in the former and a decrease in the latter.  In the first case, attention was directed 

to an internal task or process (environmental rejection), and in the second case, attention 

was directed to an external stimulus (environmental intake).  Following Lacey’s 

formulations (Lacey, 1959; Lacey et al., 1963), sympathetic activity should increase in 

each type of task involvement, but parasympathetic activity should depend on the specific 

task requirements.  The present study showed that the interrelationship of both sympathetic 

and parasympathetic activity may predict differences in perceptual sensitivity and attention.  

In contrast to Lacey’s findings and views, we observed other autonomic patterns showing 

significant relationships to behavioral measures.  The pattern with concurrent sympathetic-

like increases in both pulse rate and pulse volume during baseline as well as during the task 

showed consistent effects on the behavioral measures.  For Lacey, this pattern is associated 

with a situation in which attention is directed to an internal task or process (environmental 

rejection).  This conception is supported by the fact that in the present study this autonomic 
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pattern was associated with poor performance in a task requiring sustained attention to 

external stimuli (backward strategy from our hypothesis).  But for the same autonomic 

pattern, perceptual sensitivity for external stimuli was high.  This fact indicates that 

perceptual sensitivity and attention are different behavioral activities that are connected 

with different brain mechanisms and are also greatly affected by emotional and 

motivational factors (Davydov and Gavrilenko, in press).  We conclude that interrelations 

between autonomic activity and behavior cannot be determined by any one single theory of 

autonomic control of information processing. 

If we consider that changes in perceptual sensitivity are associated with general, non-

specific activation and that changes in attention are associated with activation of specific 

mental processes, we can understand their contrasting relationship with sympathetic and 

parasympathetic activity.  In contrast to the specific effects of parasympathetic activation, 

sympathetic activation connects with general, non-specific activation of many 

physiological systems including, for example, the immune system.  Thus, by determining 

how the two systems are interrelated, we can make better predictions of an individual's 

general readiness to respond as in the case of perceptual sensitivity versus adaptation to the 

specific requirements of sustained attention or vigilance.  In this regard, we should note that 

in the present study individual diffrences in threshold (sensitivity) and word recognition 

(attention) were significantly but only weakly correlated (r=.310, p<.02).  It is clear from 

the results of the present study that the relation between each process and autonomic 

activity is complex and depends on many factors.  We speculate that the relation may 

depend on the source of the stress.  Stress may come from an outer or from an inner source.  

In the present study, the outer stress was produced by instructional set and the inner stress 

was subject determined and estimated by measures of sympathetic nervous system activity.  

The outer threat appears to lead to a decrease in perceptual sensitivity along with better 

attentional performance on a task, whereas the inner process leads to an increase in 

perceptual sensitivity and poorer attentional performance.  Thus, similar increases in 
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sympathetic activation derived from different sources may lead to different behavioral 

changes.  If we are to improve our understanding of the role of autonomic nervous system 

activity in attention and other behaviors, then we need to give more careful consideration to 

emotional and motivational sources of the autonomic activity as well as the behavior 

(Davydov and Gavrilenko, in press). 

Finally, we should note that we have simplified the fact that sympathetic and 

parasympathetic activity are complex processes that may be differently illuminated by 

various physiological measures.  In this study, pulse volume and pulse rate were selected to 

examine how these processes, singly and in combination, affect perception and attention, 

and it remains to be determined whether the same kinds of results will be obtained with 

other autonomic measures. 
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Table 1.  Mean (SD) of Visual Tasks and Autonomic Measures in 37 Female and 17 Male Subjects. 
 

Visual Tasks Pulse Rate Pulse Volume 

Gender            VVT ATT PRb PRi PR1 PR2 PVb PVi PV1 PV2

Female   90.38
(61.89) 

  0.51* 
(0.33) 

69.69 
(13.79) 

    81.50** 
(16.71) 

    79.11** 
(14.75) 

     76.81*** 
(11.83) 

2365.11 
(1099.72)

1965.69 
(984.76)

2556.09 
(1173.46)

2600.72 
(1154.66)

Male   80.00
(43.59) 

  0.34* 
(0.38) 

63.56 
(11.65) 

    70.34** 
(14.76) 

    67.92** 
(16.45) 

     67.23*** 
(12.59) 

2423.35 
(729.54) 

2114.90 
(841.75)

2397.66 
(837.00) 

2387.87 
(905.27) 

            

*p < .10; **p < .05; ***p < .01. 
 



 
 
Table 2.  Mean (SD) of Visual Task and Autonomic Measures  in High (N=25) and Low (N=29) Stress Conditions.   
 

  Visual Task Pulse Rate Pulse Volume 

Stress             VVT ATT PRb PRi PR1 PR2 PVb PVi PV1 PV2

Low       76.55** 
(44.74) 

   0.36** 
(0.38) 

  70.45
(15.24) 

78.52 
(18.92) 

74.47 
(18.02) 

73.02 
(14.26) 

2497.23 
(1045.52) 

 2211.98* 
(951.67) 

2586.42 
(1027.99) 

2641.65 
(1070.00) 

High     111.20** 
(64.57) 

   0.56** 
(0.29) 

  64.64
(10.20) 

77.37 
(14.36) 

76.88 
(13.61) 

74.69 
(11.02) 

2251.45 
(928.14) 

 1781.45* 
(881.75) 

2413.16 
(1138.00) 

2408.51 
(1096.41) 

             
*p < .10; **p < .05. 
 



 
Table 3.  Mean (SD) of Visual Task and Autonomic Measures as a Function of Baseline Sympathetic/Parasympathetic (ANS) Grouping (1x1, 
1x2, 2x1, 2x2); «1» = High, «2» = Low). 
 

   Visual Task Pulse Rate Pulse Volume 

Grouping              N VVT ATT PRb Pri PR1 PR2 PVb PVi PV1 PV2

1: 1x1 10     116.00** 
(83.16) 

  0.50*  
(0.31) 

 56.45     
(5.22) 

68.23   
(10.55) 

65.47     
(7.84) 

64.93     
(6.42) 

 1877.46       
(239.25) 

1423.37  
(397.14) 

1905.98  
(352.28) 

1958.74       
(361.69) 

2: 1x2 17  69.41 
(40.07) 

0.25     
(0.40) 

       78.56*** 
(12.76) 

     89.30*** 
(16.06) 

     86.86*** 
(14.08) 

     82.60*** 
(10.56) 

 1542.63       
(436.87) 

1334.24  
(477.98) 

1726.06  
(517.69) 

1828.18       
(584.39) 

3: 2x1 15  90.67 
(48.32) 

      0.54*** 
(0.33) 

 57.48     
(5.53) 

65.50     
(9.38) 

63.92     
(8.55) 

64.57     
(7.72) 

      3203.81*** 
(1086.49) 

      2715.19*** 
(1064.41) 

      3144.92*** 
(1223.84) 

      3024.23*** 
(1266.61) 

4: 2x2 12   108.33* 
(50.57) 

      0.60*** 
(0.21) 

       74.73*** 
(8.23) 

     85.68*** 
(14.93) 

     82.64*** 
(16.65) 

     80.22*** 
(12.71) 

      2970.80*** 
(538.00) 

     2586.66*** 
(514.96) 

      3313.23*** 
(787.13) 

      3399.22*** 
(861.69) 

               
 
*p < .10; **p < .05; ***p < .01, comparing bold and non-bold scores. (Comparison of Contrasts). 

 


