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Introduction 

This report is written in two parts, both of which deal with the Lacey 

formulation regarding cardiovascular feedback effects and attentive behavior. 

While Part I is a review of the Lacey position, Part II is an experimental 

investigation of a corollary hypothesis. 

In Part I, the Lacey formulation is interpreted as two separate theories, 

one dealing with cardiac responses accompanying attentive states and the 

other with the effects of these responses on sinoaortic baroreceptors. 

Emphasizing the importance of this distinction, this review concentrates 

on the latter theory. Coupled with current kno~t1ledge in cardiovascular 

physiology, this theory affords three testable predictions involving intra

cardiac cycle, heart rate, and heart rate response effects. Substantial 

psychophysiological data address each of these predictions, and the 

evidence is oven·1he lmingly against the baroreceptor afferent feedback 

theory. It is argued that it is no longer justifiable to interpret 

psychophysiological data as though the heart exerts behavioral effects 

via the baroreceptor mechanism. 

In Part_II, a fixed foreperiod reaction time task was used to examine 

the hypothesized relationship between cardiac deceleration and reaction 

time under conditions designed to optimize the likelihood of finding the 

predicted effect. Forty males were divided bet•..reen Normal and Hold Breath 

Groups and presented with three blocks of reaction time trials wherein the 

respond stimulus was either 10, 50, or 80 decibels above threshold. Seven 

different but related measures of deceleration were recorded, in addition 

to switch and muscle reaction time. Various analyses of within- and between-

subject effects revealed no data clearly supportive of the hypothesis. 
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There was no evidence that respiratory control, practice, or manipulation 

of stimulus intensity served to strengthen the heart rate-performance 

relationship. 



PART I 

A Critical Evaluation of the Visceral Afferent Feedback Theory of 

Lacey and Lacey 



A Critical Evaluation of the Visceral Afferent Feedback Theory 

of Lacey and Lacey 

Since Lacey (lacey & Lacey, 1958; Lacey, 1959) presented neurophysiolog

ical and behavi6ral evidence implicating the cardiovascular system as 

potentially important to information processing, many psychophysiological 

investigations have examined the relationship between perceptual - motor 

readiness and cardiovascular responsivity. Recent revie'r'IS (Elliott, 1972; 

Hahn, 1973) of this 1 iter a ture have attempted to eva 1 ua te the Lacey position 

as though it \vere represented by a single theory or hypothesis. Ho~ttever, 

the Lacey formulation consists of t\·iO separate theories, each having 

associated with it a group of hypotheses. One theory posits an association 

bet1t1een cardiac activity and the tendency to take in or reject en vi ronmenta 1 

stimuli, and the other involves a visceral afferent feedback mechanism 

proposed to account for this alleged association. Each of these theories 

merits individual consideration since the quality and quantity of experimental 

evidence relevant to each varies. 

Failing to make this distinction, past reviews (Elliott, 1972; Hahn, 1973) 

and a rebuttal (Lacey & Lacey, 1974) have tended to muddle rather than clarify 

pertinent issues, and have fostered unproductive debate around concerns 

such as whether cardiac responses are causes or effects of behavior and 

whether the Lacey position can be supplanted by Obrist's. cardiac-somatic 

hypothesis. Furthermore, in spite of the unfavorable tone of these revie•:JS, 

interpretation of data in terms of the Lacey conjectures tontinues undaunted. 

Research interests have been focused predominantly on the more pro

vocative of these theories, that dealing with the feedback effects of 

cardiac rate on behavior. Based on current knowledge in neural and 

cardiovascular physiology, this theory affords specific predictions which 
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are addressed by a large body of psychophysiological data. Consequently, 

the visceral afferent feedback theory, i-Jhich this paper critically examines, 

appears to be vulnerable to either verification or disconfirmation. 

The Lacey Position 

Part of the reason for confusion surrounding the Lacey formulation is 

that the Lacey•s have avoided making an explicit statement of either their 

position or the set of hypotheses derived from it. Simply stated, the 

intake- rejection theory claims that ''attention to the environment" is 

accompanied by cardiac deceleration and a depressor component ltJhile 11 menta1 

vmrk" or "environmental rejection 11 results in cardiac acceleration and a 

pressor component (Lacey, 1959, p. 199; Libby, Lacey, & Lacey, 1973, p. 271). 

Tasks that combine requirements for attention and mental work produce 

intermediate effects on heart rate and blood pressure. From this theory it 

is evident that the cardiovascular responses are effects .of attention or 

mental work. 

The visceral afferent feedback theory is derived from the neurophysio

loglcal evidence that stimulation of pressure sensitive receptors 

(baroreceptors) in the carotid sinus leads to cortical deactivation and 

inhibition of motor reflexes (lacey, 1967). Under conditions of low heart 

rate and blood pressure, this negative feedback system induces increased 

cortical excitability and behavioral sensitivity; and under conditions that 

produce opposite cardiovascular effects, a reduction in central nervous 

system activation and perceptual -motor sensitivity is expected. This 

theory thus contends that cardiovascular responses are determinants of 

sensitivity and performance. 

It should be apparent that these tv10 theories are independent. The 
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fact is, however, that they are linked together because the visceral 

afferent feedback theory is offered to explain the adaptive significance 

of the cardiovascular responses predicted by the intake - rejection theory. 

That is, the ca~diac and blood pressure responses that are said to occur 

with attention to, or rejection of, the environment are thought to play a 

causal role by modulating reticular arousal and exteroceptive "admittance." 

The theory asserts that inhibitory baroreceptor afference to the brain is 

reduced with the cardiac deceleration that accompanies environmental 

attention, and strengthened with the cardiac acceleration that accompanies 

environmental rejection. Thus, the cardiovascular responses in a given 

situation are predicted by the intake - rejection theory and, in a sense, 

explained by the visceral afferent feedback theory. 

As an illustration of how failure to recognize the independence of 

these two theories can lead to confusion, consider the "alternative" theory 

of Obrist and his associates. Obrist (Obrist, Webb, Sutterer, & Howard, 

19jQ; Webb & Obrist, 1970) has marshalled substantial evidence to show that 

cardiovascular responses, rather than resulting from a phycholo9ical set 

to receive or reject environmental input, may simply reflect the metabolic 

demands of the task; i.e., cardiovascular responses are visceral correlates 

of general somatic activity. In a situation 1·1here an organism can maximize 

performance by reducing irrelevant muscle activity (e.g. a threshold 

detection task), the accompanying cardiac deceleration is considered part 

of a general somatic inhibition. However, whichever explanation of the 

heart rate changes may be correct, the question of whether - and how - the 

cardiac response subsequently affects the baroreceptors and sensorimotor 

readiness remains open. Thus, although Obrist and others (e.g. Elliott 

1972, pp. 405-406; Webb & Obrist, 1970, p. 390) advocate the cardiac - somatic 
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model as an alternative to the visceral afferent feedback mechanism, it is 

better construed as a substitute for the intake - rejection aspect of the 

. . 1 Lacey pos1t1on. 

Physiological Considerationi 

Neurophysiology 

The neurophysiological evidence for the visceral afferent feedback 

mechanism is detailed elsewhere (Delfini & Campos, 1972; Lacey, 1967; 

Lacey & Lacey, 1974) and therefore i·Jill be summarized only briefly. Bonval1et, 

Dell, and Hiebel (1954) have shown that static distention of the carotid 

sinus leads to cortical synchronization, and that elimination of vagus 

and glassopharyngeal (nerves over 'dhich baroreceptor activity is carried) 

neural input to the brainstem leads to cortical excitation. Bonvallet 

and A1len (1963) reported that unitary discharges synchronous \·lith the 

cardiac rhythm can be recorded at the nucleus of the tractus solitarius 

(nTS) and noted that interruption of afferents to nTS leads to prolonged 

electroencephalographic excitation following stimulation of the reticular 

formation. These authors implied that sinoaortic baroreceptor discharges 

inhibit cortical, autonomic, and muscular activities via the nTS. 

While the evidence that some nTS cells fire synchronously with the 

cardiac cycle is undisputed, the number doing so is estimated to be no 

more than 2 or 3% of the total number of cells in this nucleus (Humphreys, 

1967). Moreover, this frequency coding has not been found in brain cells 

cutside the nTS (Koepchen, 1969). Thus, the significance of frequency 

coding at nTS is uncertain. 

The studies cited above, while suggestive, do not demonstrate that the 

baroreceptors modulate cortical activity . .... 
1 n L.ne norma 1 anima 1 . In the 

studies of Bonvallet and her colleagues, for example, gross distention of th2 
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carotid sinus produced cortical responses with long latencies, and the 

denervation experiments eliminated all visceral input to nTS, not just that 

from the baroreceptors. Moreover, when this research team investigated 

spontaneous blood pressure variations in intact cats (the above data were 

accumulated from acute dog preparations), they found a positive relationship 

between cortical activity and blood pressure; i.e., increases and decreases 

in pressure paralled, respectively, increases and decreases in cortical 

excitation (Bonvallet et al., 1954, pp. 121-123). Critical experiments 

involving stimulation and ablation of nTS or local denervation of bare

receptors have not been reported. That there exists a nTS inhibitory 

mechanism activated predominantly by baroreceptor impulses seems highly 

speculative; and even accepting the neurophysiological reports at face 

value, it is uncertain how the small cardiovascular changes (e.g. Obrist, 

Webb & Sutterer (1969) report cardiac decelerations of two beats per minute 

in a reaction time task) observed in psychophysiological investigations play 

a role in perceptual - motor responsivity via this mechanism. 

Cardiovascular Physiology 

While pressure sensitive receptors are found in various portions of the 

circulatory system, only the si noaorti c barorec2ptors have been 1 inked to 

electroencephalographic events. These receptors do not show fatigue or adapt 

and it has been repeatedly shown that the most effective stimulus is pulsatile 

with a rapid rise time (Rushmer, 1970, p. 164). Angell-James and Daly (1970) 

have shown an increase in the frequency of pulsatile stimulation with constant 

pressure is sufficient to produce reflex vascular adjustments. Thus, these 

receptors are most active when the rising systolic pulse wave impinges upon 

the sinoaortic areas; and both pressure level and frequency of stimulation are 

key determinants of baroreceptor afference. 

Lacey (1967, p. 28) has tentatively conjectured that a second visceral 
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afferent feedback system exists in which the heart exercises direct neural 

control over sensorimotor readiness. There is no neurophysiological evidence 

for this contention; the only data implicating the heart as a source of 

afferent inhibition are derived from psychophysiological investigations that 

report correlations between heart rate and performance. Of course heart 

rate, not blood pressure, is recorded in these studies because there is no 

simple way of obtaining continuous pressure readings. The only study in 

which both arterial pressure and cardiac rate were monitored failed to 

show that pressure effects could be dissociated from heart rate responses 

(Thompson & Nowlin, 1973). Thus, there is no reason to assume the heart 

is an independent source of visceral afferent inhibition; and heart rate 

should be of interest only to the extent that it reflects blood pressure 

fluctuations at the sinoaortic baroreceptors. 

To what extent is cardiac rate a useful indicator of sinoaortic pressure 

in phychophysiological tests of the theory? A reply to this question requires 

assessment of ho•tt arteria 1 pressure and baroreceptor res pons i vi ty vary 

1·1ith heart rate in these experiments. Thompson and flo•tllin (197J) recorded 

intra-arterial pressure accompanying cardiac deceleration during the 

foreperiod crf a reaction time task and reported small depressor responses 

(e.g. about 2 mm of mercury), unlikely to exert significant baroreceptor 

effects. In fact, in a classical study of baroreceptor physiology, Ead, 

Green, and Neil (1952) found that the total number of impulses per cardiac 

cycle 1t1as about the same throughout a range of mean pressures varying from 

100 to 160 mm of mercury. r'loreover, physiological investigations of humans 

in which cardiac rate was manipulated through exogenous pacemakers showed 

that adjustments in rate were associated with negligible changes in blood 

pressure (Benchimol & Liggett, 1966; Ross, Linhart, & Braunwald, 1965; 
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Stein, Damato, l<osO'tJSky, Lau, & Lister, 1966). Based on the available 

evidence, it appears that only minor changes in blood pressure, which are 

unlikely to exert substantial effects on baroreceptor output, occur under 

normal circumstances. Consequently, inhibitory baroreceptor control must 

be determined primarily through variations in the frequency of stimulation, 

a factor governed solely by cardiac rate. Thus, heart rate should provide 

a good index of baroreceptor inhibitory input to the brain; and one cannot 

legitimately claim investigations are inadequate because they do not 

monitor arterial pressure. 

Tests of the Visceral Afferent Feedback Theory 

Since baroreceptor inhibitory effects are governed primarily by heart 

rate, two corollary hypotheses can be derived from the visceral afferent 

feedback theory. Trle first deals 1·1ith cardiac cycle effects and predicts 

perceptual -motor readiness will be attenuated during systole, when 

baroreceptor activity is greatest, and enhanced during the comparatively 

quiescent diastolic phase of the cardiac cycle. The second predicts a 

relationship between cardiac rate and performance. Under condit1ons of 

low cardiac rate, pressure waves impinge on the baroreceptors less 

frequently, and performance should be facilitated because (a) the net amount 

of cortical inhibition per unit time would be diminished, and (b) due to 

longer interbeat intervals, the imperative stimulus should occur less 

often during the inhibitory systolic phase of the cardiac cycle. Increases 

in heart rate should be expected to have opposite effects. 

Cardiac Cycle Effects 

Investigations of cardiac cycle effects attempt to find a relationship 

bet'::een phase of cardiac cycle and sensory acuity ot reaction tir.1e. 
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Cardiac cycle phases are revealed through the electrocardiogram (ECG) which 

can be partitioned into QRS, T, T-P, and P intervals. As Delfini and Campos 

(1972) have noted, systolic pressure at the aortic arch and carotid sinus, 

afferent discharge from the baroreceptors, and impulse activity at 

nTS are all maximal during the T phase of the ECG. At this time the 

baroreceptors should exert a restraining influence on sensorimotor performance. 

On the other hand, during the T-P and P segments, which correspond with 

diastole, motor ability and sensory sensitivity should be maximally enhanced. 

Of the investigations examining sensory acuity during the ECG cycle, 

only one has reported a significant relationship. Saxon (1970) found 

that his four subjects heard more than 50% of the threshold level tones 

presented during the P interval, and chance performance or worse was 

associated with other phases of the cardiac cycle. Three subsequent 

investigations have failed to confirm this preliminary finding. Elliott 

and Graf (1972) tested 25 subjects and found no significant relationship 

bet1veen visual sensitivity and phase of the cardiac cycle. Employing an 

auditory signal detection task, Delfini and Campos (1972) performed within -

and between - subject analyses and, found no association between phase of 

cardiac cyc}e and either sensitivity or detection criterion. Velden and 

Juris (1975) have argued that perhaps cardiac cycle studies report negative 

findings because the precise point in the cycle at which baroreceptor 

discharge is maximal varies from person to person. For each of the 

volunteers in their auditory detection task, the time lapse from the 

Q wave to the arrival of the presswre pulse at the carotid sinus was 

determined. This interval varied from 114 to 146 msecs. Each subject 

was presented over 4600 trials over 10 experimental sessions. T!1ere was no 

performance decrement at the time of maximum carotid sinus pressure and an 
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analysis of perceptual ability in different parts of the cardiac cycle 

revealed no trend supportive of the Lacey notion. 

Investigations of a correspondence between reaction time and cardiac 

cycle phase pres·ent a similar picture: Early reports \·Jere encouraging 

while later, more sophisticated experiments yielded negative results. 

Callaway and Layne (1964) found time elapsed from the onset of the Q wave 

to be related to reaction time in their two subjects such that response 

latencies were shorter toward the end of the cardiac cycle. Birren, Cardon, 

and Phillips (1963) reported auditory reaction time to be fastest during 

the P wave and slowest during the QRS complex. An attempt at replication 

by Birren (1965) with elderly subjects produced negative results. Thompson 

and Botwinick (1970) performed a series of experiments in which they 

presented stimuli randomly or at specific times in the cardiac cycle while 

controlling for preparatory interval effects and found no cardiac cycle

response time relationship. Engel, Thorne, and Quilter (1972) performed 

two experiments in 1t1h i ch type of reaction time response (i.e. press or 

release of a switch at the imperative stimulus), respiration, sex, age, and 

length of foreperiod were scrutinized. No cardiac cycle effects were evident. 

To evaluate the possibility that the presence of ECG effects depends on 

background heart rate, Salzman and Jacques (Note 1) conducted two reaction 

time experiments during which the respond stimulus was presented following 

an episode of increasing or decreasing heart rate. No cardiac cycle effects 

were evident under either heart rate condition. 

Taken as a group, these sensory acuity and reaction time studies fai1 

to confirm an important corollary of the visceral afferent feedback theory. 

These findings also rule out the possibility that improved sensorii::otor 

performance under conditions of low heart r2te can be attributed to the fact 
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that the imperative stimulus occurs more frequently during diastole. The 

failure to demonstrate cardiac cycle effects, however, while limiting the 

theory, need not negate it (Lacey & Lacey, 1974, pp. 12-13) because only 

a few nTS cells and no other neurons encode the cardiac rhythm. Therefore, 

it can be argued that it is not necessary to expect a precise temporal 

correspondence between momentary variations in blood pressure and 

performance. 

Cardiac Rate Effects 

Studies of the effects of cardiac rate can be divided among two 

categories. The first concerns heart rate effects and involves the 

relationship between spontaneously varying and experimentally induced 

changes in heart rate and sensorimotor readiness. The second concerns 

heart rate response effects and involves the correspondence between anticipatory 

heart rate response (which is usually deceleration) and performance during 

the foreperiod of a simple perceptual - motor task. 

Heart rate effects. Among the investigations in this category is that 

of Edwards and Alsip (1969). They presented threshold level tones during 

the normally occurring peaks and troughs of cardi otachameter tracings. tlo 

differences in sensitivity v1ere found. Sunli1lo (1971) examined auditory 

reaction time and spontaneously varying heart rate in a sample of 100 middle 

aged individuals. Neither within - nor between - subject analyses revealed 

a heart rate- reaction time coupling. Saxon and Dahle (1971) examined 

auditory thresholds at rest and under conditions of exercise - induced high 

heart rate and found higher thresholds after exercise. Although these 

authors argued that diminished sensitivity was attributable to the elevated 

cardiac rate, it seems plausible that an increment in nonspecific bodily 
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activity follm-1ing exercise could ha'le interfered vlith auditory sensitivity 

or detection criteria. This interpretation is supported by Nowlin and 

his associates (Nm·llin, Eisdorfer, \·lhalen, & Troyer, 1971) 1·1ho induced 

cardioacceleration v1ithout boosting metabolic activity by introducing a 

pacing catheter into the right heart of their volunteers. Heart rate 

was increased to 115 beats per minute such that either the tonic level 

was held constant or cardiac rate was varied sinusoidally around a mean 

of 115. Visual reaction time following various foreperiod lengths was 

analyzed under conditions of induced tachycardia or under normal cardiac 

rhythm. The artificial elevation of heart rate produced no effect on 

reaction time. 

These negative reports vitiate the second coro 11 a ry hypothesis. 

Together with the cardiac cycle studies, these data indicate that neither 

the occurrence of an individual baroreceptor afferent discharge nor the 

number of discharges per unit time affect sensorimotor performance. This 

leaves the possibility that the critical factor is the intensity of the 

afferent discharge during each activation of the baroreceptors. But 

since there is no difference in performance between diastole and systole, 

it is unlikely that systoles varying in pressure intensity \·/Ould perceptibly 

influence behavior. Such findings require the theory to be further 

qualified by positing that not all variations in heart rate exhibit central 

effects. In fact, Lacey and Lacey (1974) claim that the best evidence for 

the theory involves experiments dealing with heart rate response effects. 

However, the demonstration of negative cardiac cycle and heart rate 

results makes it unlikely the theory, e'/en in its limited form, can eve:· 

be confirmed. This is because had the results of these experiments be;:n 

affirmative, it could reasonably be argued that variation in bleed pressure 
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linked to heart rate changes caused variation in sensorimotor responsivity. 

To demonstrate a causal link between blood pressure and performance in the 

absence of such evidence requires direct manipulation of pressure in the 

sinoaortic regicins. Undertakings of this sort with humans would be both 

hazardous and technically difficult. Heart rate response effects, demon

strating a relationship betv1een preparatory cardiac deceleration and 

performance, 1voul d 1 end support to the v1eak form of the theory to the 

extent that this implies when deceleration is greatest, baroreceptor 

afference is minimal, and performance should be maximally enhanced. 

However, discovering such heart rate response effects cannot validate 

the theory because such studies confound anticipatory heart rate 

deceleration with the effect of heart rate on the baroreceptors. Thus, a 

correlation between performance and cardiac deceleration can be explained 

by Obrist's model or even the intake - rejection component of the Lacey 

position. As a proponent of the intake- rejection theory, one v1ould 

predict this correlation not because heart rate affects performance through 

the baroreceptor mechanism, but because both variables are influenced by 

the degree of attentiveness displayed by a subject. 

Heart Rate Response Effects. Although the demonstration of heart rate 

response effects cannot affirm the visceral afferent feedback theory, the 

failure to find them would be an obvious embarassment. Many of the studies 

that fa11 into this category examine bet1·1een-subject correlations v1hich 

should be expected to the extent that cardiac deceleration is a good 

predictor of which subjects have a fast response time. Excluding two 

studies that report negative results but do not present numerica1 data 

(Bower & Tate, 1976; Duncan-Johnson & Coles, 1974), these investigations are 

summarized in Table 1 and indicate a small between-subject relationship. The 
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median correlation over all is about -.29. 

Insert Table 1 about here 

A more direct test of the heart rate response - performance relationship 

anticipates a within-subject correlation which implies that phasic deceleration 

is a useful index of trial to trial variations in reaction time. Lacey and 

Lacey (Note 2) computed correlations for 63 s~bjects and found a greater propor

tion (.80) than would be predicted by chance were in the expected direction. 

Attempts to replicate this initial report have been unsuccessful. Jennings, 

Averill, Opton, and Lazarus (1971), using 15 subjects, reported a mean within-

subject correlation of .008. In a variable foreperiod reaction time task, 

Salzman and Jacques (Note 1) fdund within-subject correlations did not differ 

significantly from zero and there were approximately equal numbers of positive 

and negative correlations. 

None of these studies attempted to control for possible effects on 

the within-subject correlation of secular trend in response time or cardiac 

deceleration. For example, if reaction time became faster ~tlith practice 

l.'fhile heart rate responses evidenced no time trend, the correlations v;ould 

be diminished. On the other hand, if response latencies decreased while 

deceleratory responses became larger, inflated correlations \·tould result. 

Neither Jennings et a 1. (l971) nor Sa 1 zman and Jacques (flote 1) ana 1 yzed the 

contribution of order and practice effects. While Lacey and Lacey (Note 2) 

considered these effects, they eliminated from the data analysis only those 

individuals in which a statistically significant Pelationship ' .L. oe t..'seen trial 

number and reaction time or heart rate could be demonstrated. As Hahn (1973) 

has noted, the remaining sa~ple ~ay still contain persons who display 

substantial, but not statistical1y significant, practice and tirr:e trends. 
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Table 1 

Studies Computing Between-Subject Correlations for Cardiac Deceleration 

and Reaction Time 

Study N 

Lacey & Lacey (Note 2) 80 4 -.27 

Lacey & Lacey (Note 3) 28 4 -.40 

Johnson & t·1ay (1969) 20 4 -.13 

Obrist et al. (1969) 48 5 -.31 

Hebb & Obrist (1970) 63 2 .08 

4 -.14 

8 -.22 

16 -.11 

Thompson & Nowlin (1973) 16 4 -.54 

9 -.45 

Krupski (1975) 12 4 -.75 

7 -.66 

13 -.28 

aPreparatory interval in seconds. 

bA negative correlation indicates fast reaction times are accompanied 

by large cardiac decelerations. 
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While not eliminating the secular trend problem, an alternative analysis 

of within-subject effects is provided by dichotomization of the data for each 

subject into trials showing the least vs. those showing the most cardiac 

deceleration. Such an analysis has been performed by Obrist and his 

colleagues (Obrist et al ., 1970; Webb & Obrist, 1970) who found that the 

median reaction time associated with large deceleration trials was from 

8 to 13 msec faster than that for trials with small decelerations. A 

comparable finding \vas made by Schell and Catania (1975) \•Jho examined 

signal detection efficiency following a seven second warning interval. 

Analyzing the decelerations associated with correct vs. incorrect signal 

detection trials, these investigators found heart rate deceleration to be 

significantly greater on accurate trials. Duncan - Johnson and Coles (1974) 

employed a disjunctive reaction time task in which subjects had to make an 

easy or difficult auditory discrimination. Examination of cardiac responses 

accompanying each subject's fastest and slowest trials led them to conclude 

reaction time was not consistently related to heart rate, regardless of 

trial difficulty. Iacono and Lykken (Note () examined lvithin-sL·b~ect 

relationships by computing correlations and by examining cardiac responses 

accompanying each subject's fastest and slowest response trials. A repeated 

measures design allowed each subject to be exposed to three blocks of 

reaction time trials wherein the imperative stimulus was either 10, 50, or 

80 db above auditory threshold. \~i thin-subject effects were inconsister.tly 

present and, at best, were insubstantial, with heart rate accounting for 

only a small fraction of the within-subject variance in response time. 

Although between-subject correlational studies tend to support the 

prediction regarding heart rate response effects, within-subject investigaticns, 

which provide a more direct test, are at best inconclusive. As mentioned 
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previously, even if these experiments did report a reliable relationship, 

they do not differentiate between the intake rejection theory and the 

stronger conjecture which would attribute any observed correlation to the 

effects of deceieration on the baroreceptors. A study by Obrist et al. 

(1970) affords such an opportunity. This research team pharmacologically 

blocked the cardiac deceleration that normally occurs in the foreperiod 

of a reaction task. They found no significant differences in response 

latency between atropinized and normal subjects in spite of the fact that 

baroreceptor afference in the normal group would have been less than that 

for the experimental group. These results are all the more remarkable 

since parasympathetic blockade in the experimental group probably elevated 

tonic cardiac rate. This study was corroborated by Nowlin et a1. (1971) 

who found reaction time, under conditions of normal cardiac control, to 

be no different than response time under conditions of paced tachycardia 

ivhere dece 1 era tory responses were prevented. Thus, \•lh il e heart rate 

response studies may demonstrate an effect, it cannot be explained by 

invoking the visceral afferent feedback theory. 

Conclusion 

It has been said that psychological theories, like military generals, 

never die but merely fade away. The truth of this analogy rests on the 

fact that few psychological theories are sufficiently precise to be 

susceptible to clear disconfirmation. A possible exception to this 

generalization is the visceral afferent feedback theory. ~/hen coupled 1vi.th 

neurophysiological and cardiovascular knowledge, the theory affords quite 

testable hypotheses involving cardiac cycle and rate effects. 

These hypotheses have been evaluated through a diverse assortment 
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of experiments which, taken in the aggregate, offer ovenvhelming contradictory 

evidence and therefore strongly disconfirm the theory. While one could 

argue that a weak correlation between preparatory cardiac response and 

performance exists, since these data do not distinguish heart rate response 

from effect, the interpretation of the correlation must be ambiguous. 

Moreover, the studies in which this confounding is controlled suggest that 

if a correlation exists, it cannot be adequately explained by postulating 

a baroreceptor afferent inhibitory mechanism. There are no data rendering 

the visceral afferent feedback theory necessary, and there is no 

justification for continued interpretation of phychophysiological research 

as though the heart exerts significant psychological effects through this 

mechanism. 
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Addendum 

Considerations for Future Research 

Of what importance is heart rate to psychology? The foregoing review 

offers no grounds for optimism regarding the visceral afferent feedback 

theory. Consequently, cardiac responses must be of descriptive rather 

than causal significance and hopefully reflect cognitive events. The 

intake-rejection theory views cardiac responses as concomitants of 

attentive orientation. However, there are an absence of tests of the 

hypothesis that cardiac acceleration is associated with the rejection of 

potentially intrusive stimulation. Moreover, this theory has been 

criticized because it is too vague to allow specific tests and so 

flexible as to be able to accomodate any data post hoc (Elliott, 1972; 

Hahn, 1973). Even Lacey and Lacey (1974) do not claim that attentive 

set can be inferred from heart rate alone. 

The Obrist position, stated broadly, implies that all cardiac activity 

is invariably linked to somatic events such that the heart provides "in 

one muscle a picture of the total somatic involvement at any given time" 

(Obrist, Sutterer, & Howard, 1972). This hypothesis has not been 

suffi ci entl.)L eva 1 ua ted. Cardiac effects have been observed with 

conditioning, orienting, habituation, and variation in uncertainty, but 

muscle activity has not been recorded in these situations. This is at 

least to some extent because there is no acceptable procedure for monitoring 

"total somatic involvement." Even if Obrist and his colleagues are correct, 

somatic effects may still be governed by psychological events that could 

be indexed by recording heart rate. It appears that in the absence of 

additional data, inferences regarding the meaning of cardiac responses must 

continue to be made from consideration of the situation, subjects, and 
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Further efforts to study the psychological determinants of cardiac 

responses are bound to prove more fruitful and interesting if the obvious 

individual difference in cardiac response pattern are examined. For 

example, a common cardiac response in anticipation of intense electrical 

stimulation is acceleration (e.g. Zeaman & Smith, 1965). Lykken, 

Macindoe, and Tellegen (1972) reported a correlation between pre- and 

post- shock cardioacceleration that indicated the larger the premonitory 

heart rate response, the smaller the subsequent post- shock response. This 

suggests that the pre-stimulation cardiac activity is related to the 

efficiency with which subjects can modulate the impending stress. Such 

an interpretation is buttressed by several investigators (Have & Quinn, 

1971; Hare & Craigen, 1974; Lykken et al., 1972; Schalling, 1975) who 

found that low anxious subjects and psychopaths, individuals who subjectively 

might be expected to be adept at handling stress, show more premonitory 

acceleration than more anxious subjects. The reliable demonstration of 

such individual differences would imply that in this situation, cardiac 

acceleration serves as an index of a person's ability to prepare for the 

ensuing stress, an ability subjects possess to varying degrees. The 

individual differences approach, largely ignored, would seem to provide a 

promising avenue toward comprehending the psychological significance of 

cardiovascular activity. 



PART II 

The Effects of stimulus Intensity, Respiration, and Practice on Heart 

Rate and Reaction Time 



The Effects of Stimulus Intensity, Respiration, and 

Practice on Heart Rate and Reaction Time 

While there is little question that the typical cardiovascular response 

during the preparatory interval (PI) of a reaction tim~ (RT) task is cardiac 

deceleration, there remains a controversy surrounding its significance 

(Elliott, 1972; Lacey & Lacey 1974; Obrist, Webb, Sutterer, & Howard, 1970). 

Lacey (1967) has argued that the cardiac deceleration reflects the 

individual•s attention to environmental events, and RT performance is 

facilitated, in proportion to this deceleration, by a reduction in 

baroreceptor inhibition of the central nervous system. 

A corollary of the Lacey position predicts a correlation bet\-Jeen 

performance efficiency and the magnitude of heart rate (HR) decrement. The 

demonstration of a between-subject correlation should be expected to the 

extent that different subjects respond to the task demands with varying 

degrees of motivation. Individuals who evidence more task involvement 

should show larger HR responses, and should generate faster RTs because 

(a) they are more motivated and (b) the cardiac dec~leration that accompanies 

their enhanced attention facilitates quicker reactions. A more direct test 

of the theory involves the prediction of within-subject effects. The 

demonstration of within-$ relationships requires that task involvement or 

concentration must vary between trials; on trials where attention is maximal, 

HR deceleration should be greatest, baroreceptor inhibition least, and 

RT therefore quickest. 

Although there are exceptions (Bower & Tate, 1976; Duncan-Johnson & 

Coles, 1974; Porges, 1972), between-S correlations, although small in 

magnitude, have been generally-in the direction that Lacey would predict 

(Johnson & May, 1969; Krupski, 1975; Obrist, Webb, & Sutterer, 1969; 
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Thompson & Nowlin, 1973; Webb & Obrist, 1970; Lacey & Lacey, Note 1, Note 2). 

Within-S analyses, however, have produced inconclusive results. Obrist, 

Lacey, and their associates (Obrist et al., 1970; Lacey & Lacey, Note 1) 

have reported small within-S effects, but others have been unable to 

replicate these reports (Jennings, Averill, Opton, & Lazarus, 1971; Duncan

Johnson & Coles, 1974; Salzman & Jacques, Note 3). The objective of the 

present experiment was to examine the effects of task difficulty on the 

within-S relationship under conditions designed to enhance the likelihood 

of finding the predicted effect. 

Task difficulty was manipulated by presenting an auditory imperative 

stimulus at various intensities. It was assumed (a) that maximal attention 

and therefore the most cardiac deceleration would be evident when the 

imperative stimulus was barely audible and (b) that the strength of the 

deceleration/RT relationship may vary with stimulus intensity. In contrast 

to previous strategies for manipulating task difficulty (Duncan-Johnson & 

Coles, 1974; Higgins , 1971) this technique does not introduce competing 

attentional and information processing demands that might be expected to 
-

have mixed effects on HR (see e.g. Libby, Lacey, & Lacey, 1973). To 

further encQurage task involvement, subjects controlled the initiation of 

each trial. 

The strength of the correlation between cardiac rate and performance 

may be influenced by several factors, such as respiration and practice, that 

have not usually been controlled in previous research. While the deceleration 

that occurs in the foreperiod of a RT. task is probably not simply an effect 

of respiration (Obrist, 1968; Wood & Obrist, 1964), it is well known that 

breath-holding induces bradycardia; thus, uncontrolled changes in respiration 

could influence the RT-HR relationship. Direct evidence for the presence 
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of such respiratory adjustments was provided by Obrist et al. (1969) ~vho 

found that during the PI, respiratory frequency and amplitude decreased, 

and subjects "tended to suspend respiration either one second before or 

as they responded" (p. 701) to the imperative stimulus. Obrist and his 

colleagues found correlations between deceleration and respiratory change 

that were of the same ~agnitude as correlations between response time and 

HR or response time and respiration. Several other studies provide indirect 

evidence that breathi_ng activity influences RT. Buchsbaum and Calla~,o1ay 

(1965) and Engel, Thorne, and Quilter (1972) found relationships between 

RT and phase of the respiratory cycle; and Lacey and lacey (Note 1) found 

the RT-HR correlation to be larger when the imperative stimulus occurred 

at inspiration. 

It seems reasonable to assume that on trials where respiration is 

restrained, RT \vould be faster because respiratory activity introduces 

physiological noise that may interfere with concentration. On such trials, 

the HR deceleration should also be greater because of the respiratory 

influence on HR. Thus, trial to trial variations in breathing could be 

expected to affect RT and HR in such a way as to spurriously inflate the 

correlation. If respiration effects on HR were held constant on each trial, 

then it would be possible to examine the correspondence between cardiac 

rate and responsivity independent of respiratory influences. In the present 

effort, such control was attempted by employing t•t~o groups of subjects, one 

of which arrested breathing during the PI. Breath holding was chosen over 

a paced respiratory procedure because pilot work revealed spontaneous 

breath holding on the part of some subjects and this control seems 

subjectively to facilitate performance. Moreover, any attempt to pace 

respiration introduces a competing task likely to interfere with performance. 
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Of additional interest was the contribution of practice. Although no 

one has systematically analyzed practice effects, Lacey and Lacey (Note 2) 

suggested that the RT-HR relationship may improve •t~ith task familiarity. A 

repeated measures design facilitated evaluation of this prediction. To 

minimize possible individual differences in techniques employed to operate 

the RT manipulandum, a skin conductance S~tJitch was used and forearm muscle 

reaction time was also recorded. 

Method 

Subjects 

40 males, obtained from the psychology department subject pool, were paid 

$5 each to serve as subjects. 

Apparatus and Recording Techniques 

All physiological measures were recorded \vith a Beckman Type Rr·1 

Dynograph. HR and electromyogram (EMG) were recorded from Beckman Ag /AgCl 

electrodes filled with Redux Paste and attached with electrode collars. 

A ground reference ~ttas provided by a Grass gold ear clip electrode attached 

to the left ear lobe with Grass EC-2 electrode cream. Electrode sites 

\vere first prepared by rubbing the skin 1vith a stiff toothbrush and Redux 

jelly to minimize skin resistance. HR electrodes were attached to the 

left leg and right arm {Lead II) with connections to a Type 9857 

cardiotachometer coupler. The HR channel of the Dynograph was calibrated 

for an 80 beat range centered at 80 bpm. EMG electrodes were positioned 

in the approximate regions of the extensor and abductor policis muscles of 

the left, dorsomedial forearm with leads connected to a Type 9852 EMG 

coupler set to integrate mode. EMG channel sensitivity was 100 ~v/cm. 

Respiration 1vas measured from two Beckman Type 7001 strain gauge transducers 
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fastened by straps around the middle of the abdomen and upper chest. The 

leads were connected as two arms of the bridge of a Beckman 9803 strain 

gauge coupler, yielding a signal reflecting the distension of either or 

both transducers. 

The RT manipulandum was the skin conductance switch described by 

Macpherson, Hutchings, and Kopell (1971). It consisted of two electrically 

isolated copper contact points embedded in one end of a Plexiglas cylinder, 

and was activated when the subject placed the ball of his thumb across the 

contacts. 

The warning signal was a white light located on a panel in front of 

the subject. The reaction stimulus was a 1000Hz tone that was delivered 

from speakers located behind the subject and terminated by his response. 

Except where instructions were administered, a background of 50 db white 

noise was continuously present. A POP-12 computer presented the imperative 

stimulus, provided for digitized storage of averaged physiological responses, 

and gave a trial-by-trial teletype printout of RT and HR deceleration during 

the preparatory interval. 

Procedure 

Upon reporting for the experiment, each volunteer was shown the 

apparatus and told the experiment involved measurement of his physiological 

responses during a RT task. The electrodes were attached and the subject 

seated in a comfortable chair in an audiometric booth. All instructions 

were presented via a tape recording. Following some respiratory exercises 

and calibration of the equipment, auditory threshold 't~as assessed through 

a forced choice signal detection task run by the computer. Threshold was 

chosen as the intensity at \·thich 707~ accuracy '.vas attained. The remaining 
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instructions were given and the subject was informed that the session 

consisted of three blocks of reaction time trials separated by two short 

rest intervals. For each block, the imperative stimuli were 10 (T + 10), 

50 (T +50), or' 80 (T + 80) db above threshold. Odd-numbered subjects 

received the blocks in ascending order of intensity; even-numbered subjects 

received them in descending order. 

Subjects were assigned in consecutive pairs to either the normal 

breathing (NB) or hold breath (HB) group. The 20 individuals in Group HB 

were instructed to arrest their breathing at the peak of a normal inspiration. 

Work with pilot subjects indicated this procedure seemed natural to perform 

and it minimized somatic involvement. With breathing halted, the subject 

was told to rest his thumb on the skin switch which was held in the left 

hand. This maneuver caused a previously blinking warning light to ~emain 

on continuously. After the five second warning interval, the imperative 

stimulus sounded and the subject responded as quickly as possible by lifting 

his thumb from the skin switch. Follm·ling the response, normal respiration 

was resumed and the warning light extinguished. Eight seconds later, the 

light began flashing again to signal the readiness of the computer for 

another trial. Working at his own pace, the subject repeated this procedure 

until the computer had recorded 24 trials. Instructions to Group NB were 

identical except these individuals were given no directions regarding 

respiration and, in particular, were not told to hold their breath. 

Subjects in both groups were given a series of practice trials prior to 

presentation of the first block. At the conclusion of the session, all 

subjects were debriefed. 

To suppress artifacts, the computer rejected trials where the 

cardiotachometer was triggered at intervals outside the 40-120 bpm working 



Stimulus Intensity 

30 

range. Trials where the EMG reached criterion voltage (see below) before 

100 msecs had elapsed since tone onset or where EMG failed to reach criterion 

within 750 msecs were also rejected. Such rejected trials seldom numbered 

more than three· per block for any subject. 

Data Quantification 

Performance: Switch reaction time (S-RT) was defined as the time 

elapsed from the onset of the imperative stimulus to removal of the thumb 

from the skin switch. Muscle reaction time (EMG-RT) was measured from 

imperative stimulus onset to the time when the integrated EMG spike attained 

a level just above the EMG pre-response baseline. This voltage, which was 

ah1ays less than 50 ll'l/an, \vas determined individually for each subject and 

kept constant throughout the experimental session. Both types of RT were 

recorded trial by trial by the computer. 

Heart rate: The beat-by-beat HR response during the foreperiod of 

each trial ~vas recorded by the computer. As there is no single, "best" 

measure of deceleration, four estimates of the cardiac response during the 

PI were used. These included maximum minus minimum HR (MXMN), mdximum 

minus HR at the imperative stimulus (MXSM), initial HR at the onset of 

the foreperiod minus the minimum (INMN), and initial minus HR at the 

imperative stimulus (INSM). In addition, the computer determined the 

average deceleration associated with the 12 fastest and 12 slowest S-RT 

trials. This computation was made using each of the above indices of 

deceleration and by the following procedure. The analog cardiotachometer 

tracing for each trial was stored in digitized form by the computer. The 

tracings that corresponded to the fastest and slowest S-RTs were 

subsequently averaged and MXMN, MXSM, and INMN measures, defined as above, 
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were made. While the first procedure represented the average of the measures 

made on each trial, in the second, the cardiotachometer curves themselves 

were averaged and then the measures were made. These two procedures 

provided seven different, but related estimates of deceleration. An 

adjustment was made for the fact that cardiotachometer output lags true 

HR by one beat. 

Results 

While it is obvious that the several deceleration and the two 

performance variables are physiologically and mathematically interdependent, 

the following statistical analyses v1ere performed as though they were separate 

measures in order to maximize the likelihood of uncovering support for the 

Lacey hypothesis. The .05 level of significance was adopted for all 

statistical tests. 

Treatment Effects 

An analysis of order effects revealed no significant results so the 

ascending and descending data were pooled for subsequent analyses: As· 

expected, an analysis of intensity effects shm·ted RT to quicken as stimulus 

intensity i~creased (all Fs > 130). However, none of the 4 deceleration 

measures shov;ed significant intensity effects, and visual inspection of the 

data revealed the magnitude of deceleration was virtually identical at all 

intensities within each group. ~lultiple l-tests vtere performed at each 

intensity level on measures of RT and HR between Groups NB and HB. The 

results indicated that while RT was similar for both groups (all ts < 1). 

deceleration was substantially more pronounced for Group HB (all ts > 6). 
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Between-S product-moment correlations were computed on the various 

performance and cardiac measures and are summarized in Table 1. 

Insert Table 1 about here 

Although only a few of the Group NB correlations attain significance, 

they are generally in the direction predicted by the Lacey theory and 

comparable in magnitude to between-S effects reported in other studies 

(e.g. Webb & Obrist, 1970). None of the correlations for Group HB reach 

significance; and they are all in a direction opposite to expectations 

based on the Lacey theory. 

To reduce the amount of data analysis, within-S correlations were 

computed using only the MXMN and INSM cardiac measures. These measures 

were chosen because they are the two mast dissimilar measures of deceleration. 

Results are given in Table 2. None of the correlations are either significant 

Insert Table 2 about here 

or substantial. HO\vever, they are, with one exception, all in tlle predicted 

direction and of similar magnitude to correlations reported by Lacey and 

Lacey (Note l). Within-S correlations might be influenced by secular trends 

occurring within a block of trials due, e.g. to practice effects, fatigue, or 

boredom. Therefore, mean S-RT for the first and last 12 trials was computed 

and all blocks showing a difference in early vs. late S-RT of more than 

14 msecs l·iere eliminated. i·~edian correlations determined for the remaining 
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Between-Subject Product-Moment Correlations 

S-RT and EMG-RT and 

Group Intensity MXMN MXSM INMN INSM MXMN MXSM INt~N INSM 

NB T+lO -.11 -.15 .00 -.05 -.13 -.19 -.05 -.09 

T+SO -.28 -.17 -.20 -.01 -.44* -.35 -.11 .09 

T+80 -.13 -.07 -.02 .08 -.46* -.26 -.13 .25 

HB T+lO .34 .36 .26 .29 .24 .23 .25 .23 

T+SO .20 .22 .17 .19 .06 .08 .19 .17 

T+80 .21 .13 .10 .07 .05 .08 .07 .09 

*.E_<.OS 



Group 

NB 

HB 

*B.<. 05 
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Median Within-Subject Product-Moment Correlations 

S-RT & EMG-RT & S-RT & MXMN & 

Intensity MXt~N INSM MXMN INSM EMG-RT INSM 

T+10 -.01 -.05 .08 -.02 .97* .49* 

T+50 -.11 -.05 -.13 -.09 .95* .46* 

T+80 -.05 -.06 -.01 -.01 .87* .60* 

T+lO -.07 -.04 -.07 -.09 .90* .69* . 

T+50 -.04 -.02 -.03 -.01 .95* .87* 

T+80 -.06 -.10 -.06 -.05 .90* .76* 
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blocks produced a picture not appreciably different from Table 2; the 

range of correlations varied from -.15 to .08. Inspection of Table 2 

reveals the two RT indices to be very highly correlated. The cardiac 

measures, however, evidence correlations low enough to suggest they are 

relatively different methods of evaluating warning interval HR changes. 

An alternate test of within-S effects was conducted by examining the 

heart rate responses associated with each subject's 12 fastest and 12 

slowest S-RTs for each block of trials. The cardiac response accompanying 

slow trials was subtracted from that associated with fast trials to yield 

a difference score for each indicator of deceleration. Findings are 

presented in Table 3. A series of t-tests indicated that none of the fast-slow 

Insert Table 3 about here 

comparisons yielded significant differences for Group HB. A trend was 

evident in Group NB indicating faster S-RT was associated with larger 

dec~lerations. A similar fast vs. slow analysis performed on tr.e three 

deceleration measures associated with computer averages of cardiotachometer 

tracings produced comparable results. 

Both types of within-S analyses suggest the presence of a small effect 

of HR on RT. A question of concern is how much of the variance in S-RT 

is attributable to cardiac response? INSM cardiac trials for each subject 

in Group NB at T + 50 were dicho~mized into the five largest and five 

smallest deceleratory responses and associated median S-RTs were determined. 

This deceleratio~ index and intensity level were chosen because both 

correlational analysis and fast - slow comparisons showed a consistent 
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Table 3 

Average Cardiac Deceleration Associated with Fast S-RT Trials Minus 

Deceleration Accompanying Slow Trials 

Deceleration Measurea 

Group Intensity MXMN 1~XSM INMN INSi~ 

NB T+lO .0 .4 .3 .6 

T+SO .6 1.0* .7* 1.0* 

T+80 .6 1. 2* .7 1.3 

HB T+lO .3 .0 .2 -.1 

T+SO .2 .6 -.4 .2 

T+80 -.4 -.1 .2 .5 

*£.<. 05 

aOeceleration in beats per minute. 
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RT-HR correspondence and thus this mea$ure was most likely to provide an 

estimate favorable to the Lacey position. The results indicated S-RT 

associated with large deceleration trials was significantly faster 

(! (19) = 2.66).by 10 msecs than that associated with small deceleration 

trials. This finding compares favorably with Obrist et al. (1970) who 

performed an identical analysis and found S-RT differences of 8 and 13 

msecs, respectively, for foreperiods of 8 and 2 sees. This 10 msec 

difference accounts for about one four-th of the median within-S standard 

deviation for S-RT associated with this intensity level. 

As a crude estimate of the stability of the relationship, the sign 

of the within-S correlations was examined for each subject at each of the 

levels of intensity. Inspection of the S-RT/INSM correlations for both 

groups revealed only four subjects showed a correlation consistently in 

the direction predicted by the hypothesis. Examination of S-RT/MXMN 

correlations showed only one individual in Group NB and two in Group HB 

had correlations consistently in this direction. 

Practice Effects 

For all subjects in each group, the cardiac responses associated 

respectively with the first, second, and third block of trials were 

combined and the average cardiac responses associated with the 12 fastest 

and 12 slowest S-RTs determined. Difference scores were computed for each 

deceleration measure as before. Univariate, repeated measure ANOVAS on the 

difference scores failed to yield any significant results (all [s < 1) 

in either group, thus indicating there was no tendency for the RT-HR 

relationship to improve with practice. 
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Breath holding did not strengthen the correspondence between responsivity 

and cardiac rate. In fact, the relationship appeared weaker under this 

control when within-S correlations were considered and was in the 

opposite direction when between-S effects were examined. This control 

gave unequivocal evidence of the effect of suspended breathing on HR; 

the average deceleratoryresponses for Group HB were from two to six 

times larger than those for Group NB, depending upon how deceleration was 

measured. Contrary to 1·1hat one might predict from the Lacey theory, 

in spite of these large decelerations, RT for Group HB was no different 

than that for Group NB. 

A possible explanation for the failure of this control to enhance the 

relationship is that this respiratory maneuver could have an unpredictable 

impact on the sinoaortic baroreceptors. That is, with respiration suspended, 

while cardiac rate drops, blood pressure may be elevated due to increased 

intrathoracic pressure. The net effect on the baroreceptors, which respond 

mostly during the rising systolic pulse wave, would be uncertain because 

while pressure is heightened, the number of systoles per unit time is 

decreased. Thus, while from the vantage point of the subject breath 

holding is a natural way to reduce respiratory interference, \·lith respect 

to the Lacey theory, such a maneuver may increase the amount of 

physiological noise and interfere with the cardiac rate - performance 

relationship. 

Task Involvement and Practice 

There was no indication that the manipulation of task difficulty had 
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any effect on the RT-HR correlations. The fact that there was no 

relationship between tone intensity and deceleration embarasses the Lacey 

theory because as stimulus intensity is decreased, attention and therefore 

cardiac deceler~tion would be expected to increase. The absence of practice 

effects argues against the notion that the correlation improves with task 

familiarity. 

The Cardiac Rate - Performance Relationship 

This study was designed to optimize measurement and conditions with the 

goal of maximizing the alleged relationship between anticipatory HR 

deceleration and RT. Multiple performance and cardiac measures were analyzed 

through a variety of statistical approaches. There was no evidence that 

practice, task involvement, or respiratory control served to strengthen 

the relationship which was inconsistently present and, at best, was 

insubstantial, with HR accounting for only a small fraction of the within-S 

variance in RT. 

Considering the results of this study and the fact that there are 

no other reports of important within-S effects, the evidence is 

disappointing regarding the hypothesis. The data indicate that the effect 

of preparatory HR changes on RT, if it exists at all, is very \~eak, and its 

physiological and psychological importance seems negligible. 
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Footnotes 

1rn fact, the cardiac-somatic hypothesis need not be viewed as a 

replacement for the intake-rejection theory but rather as an explanation 

for the predicted cardiac responses; i.e., perhaps attentive orientation 

toward the environment elicits somatic activity that in turn produces 

the heart rate effects the intake rejection-theory predicts. 


