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ABSTRACT
RESPIRATORY AND HEART RATE INDICES OF REACTION TIME
By

N
Stephen W. Porges

&
ol

The respiratory and heart rate (HR) indices of attention to
reaction time (RT) signal and control nonsignal stimuli were in-
vestigated in male college students. The two conditions produced
differential respiratory and HR responses. Heart rate accelerated
In response to the Warning and respond signals. The HR acceleration
to the respond signal was concordant with increases in HR variability,
respiratory frequency and amplitude. In constrast to the mean HR,
which did not change in anticipation of the respond signal, respiratory
frequency increased and respiratory amplitude and HR variability de-
creased. In response to the nonsignal stimuli HR decelerated. Mean HR
variabllity prior to the trial onset and mean magnitude of the re-
duction of HR variability in anticipation of the respond signal were
highly significant correlates of RT when the preparatory interval (PI)
was of variable duration. When the PI was of flxed duration HR variability
was not correlated with performance. Although HR decelerated prior to
the respond signal, the magnitude of deceleration was not related to
performance. The data support a two component hypothesis of attention:
the first, a phasic reflexive response dependent upon the specific
stimilus change and characterized by a directional HR response; the
second, a tonic instrumentgl response related to attentional performance

and characterized by a decrease in HR variability.



RESPIRATORY AND HEART RATE INDICES OF REACTION TIME
By, &

o

N
Stephen W.' Porges

A THESIS

Submitted to
Michlgan State University
in partial fulfillment of the requirements

for the degree of
DOCTOR OF PHILOSOPHY

Department of Psychology

1970



e~z
':p/ L)

To a girl named Sue



ACKNOWLEDGMENTS

Sincere appreciation is expressed to Dr. Hiram E. Fitzeerald,
Chalrman of the dissertation committee, whose concern, guidance, and
encouragement have contributed to the success of this research.

I would like to thank the members of the committee, Dr. Paul
Bakan, Dr. Glenn I. Hatton, Dr. Lawrence Mess€, and Dr. Mark Rilling,
for their personal concern and support during my graduate studies.

Special thanks are expressed to Dr. Lawrence Messé for statisti-

cal consultation and to Dr. Gerald M. Gillmore for computer assistance.



TABLE OF CONTENTS

List of tableS..eieueieaens ceanes N
List of figures........... cescacane ceesene ceecesenas vi
Introduction...c.cceeeeennene ceececanae ceecesesscne 1
Method.eeeeueneneoennncanacanacans teeeean ceeeen ee b
T 1 - 8
DIscuSSion..eeeecececsceeecscecenscncscsracacnens 23
List of references....ceceeeeseccecss Cerrecesanans 28
Appendices

A. InstructionS..cececececececscecscacenss 30

B. Analyses of varlance summary tables....32

iv



Table

LIST OF TABLES

Analysis of variance summary table
respiration frequency

Analysis of variance summary table
respiration amplitude

Analysis of variance summary table
mean heart rate

Analysis of variance summary table
mean heart rate varlance

Analysis of variance summary table
second-by-second heart rate

Analysis of variance summary table
reaction time

for

for

for

for

for

for

Page

32

33

34

35

36

37



LIST OF FIGURES

Flgure

1. Mean respiration frequency as a function
of periods for the two tasks

2. Mean respiration amplitude as a function
of perlods for the two tasks

3. Mean heart rate as a function of periods
for the two tasks

4, Mean heart rate variance as a function of
periods for the two tasks

5. Mean heart rate change durling the prepara-
tory interval as a function of seconds for

each group
6. Mean heart rate change during the prepara-

tory Interval during Trial 1, 5, and 10 for
the fixed PI RT group

7. Mean reaction time as a function of trilals
for the two RT groups

vi

Page

10

12

14

16

17

19



INTRODUCTION

Considerable research has been involved in the identification of
heart rate (HR) components of attention (Lacey, 1959, 1967; Graham &
Clifton, 1966; Porges & Raskin, 1969). These investigations of the R
Indices of attention have lead to attempts to relate HR responses, most
commonly HR deceleration, with sensorimotor performance (Obrist, Webb,

& Sutterer, 1969; Webb & Obrist, 1970; Lewls & Wilson, 1970). Although
HR deceleration 1s a reliable response during specific aspects of at-
tention (Lacey, 1967; Porges & Raskin, 1969), the studies relating magni-
tude of HR deceleration with simple reaction time (RT) performance have
indicated weak relationships. This repeated finding, must, therefore,
question the use of HR deceleration as an index of attentional perform-
ance.

Lacey (1959) proposed that attentive observation of the extermal
enviromment is accompanied by cardiac deceleration, whereas, situations
that require rejection of the external environment (cognitive tasks or
tasks requiring attentive observation of internal stimuli) produce HR
acceleration. Lacey interpreted this directional HR response as a neuro—
physiological link in an afferent feedback mechanism responsive to the
efferent processes of the CNS, and, therefore, capable of influencing
behavioral events. Porges and Raskin (1969) substantiated the directional
HR response by demonstrating that the direction of the HR response was
dependent upon the experimental situation; HR accelerated while Ss at-
tended internally to their own HR, and HR decelerated while Ss attended

to intermittent tones or lights.



The recording of HR responses durlng classical conditioning has
demonstrated HR deceleration in anticipation of the unconditioned stim-
ulus (Obrist, Sutterer, & Howard, 1969). Zeaman and Smith (1965) con-
firmed the finding that anticipatory HR deceleration occurred independent
of direction and magnitude of the cardiac component of the unconditioned
response. They reported HR deceleration not only in anticipation of
shock, but also in anticipation of both pleasant and unpleasant stimuli.
Obrist (1969) reported anticipatory HR deceleration to the unconditioned
stimulus and during subject preparation to respond in a simple RT task.
Chase, Graham, and Graham (1968) used a simple RT task and reported two
deceleratory HR responses within the PI. The first deceleration followed
the onset of the warning signal and the second preceded the onset of the
respond signal. They interpreted the first deceleration as an OR to the
warning signal and the second deceleration as a conditioned "attention"
response enhancing stimulus reception. Other investigators (Lacey, Kagan,
Lacey, & Moss, 1963; Obrist, 1963) have also reported deceleratory HR
responses in anticipation of various motivationally significant stimuli.

Contiguous with the research designating HR deceleration as an auto-
nomic component of attentlon is the research attempting to forge a rela-
tionship between HR deceleration and perfaormance on attention demanding;
tasks. Obrist, Webb, and Sutterer (1969) using a 5 sec. fixed PI in
a sinple RT task, found a weak, but significant, correlation between the
magnitude of HR deceleration and RT (r = .32, p <.05). Lewis and Wison
(1970) reported that HR deceleration accompanied visual scanning in

Uhemonth 01d children. The deceleration was related to the accuracy of



the behavioral response, but not to the response latency, a measure of
RT.

The RT studies reviewed above have utiliz=d fixed PIs. By using a
fixed PI, the RT task may be explained in classical conditioning terminol-
ogy; the warning and the fixed PI may be interpreted as a compound CS
and the respond signal as the UCS. Since the conditioned HR response is
decelerative, HR deceleration prior to the respond signal would indicate a
conditioned anticipatory response, temparally bound to the flxed PI.

Performance during simple RT tasks is a function of the PI. Faster
RT occurs during conditions in which the temporal relationship between
the warning and respond signals is fixed. Thus, when a simple RT task
with fixed PIs is used to investigate the relationship between autonomic
camponents of attention and attentional performance, the results may be
confounded by the temporally conditioned autonomic responses. The possi-
bility, therefore, exists that the HR deceleration prior to the respond
signal is not related to perceptual enhancement of the respond signal
but a conditloned anticipatory response. If this is the case, it is not
surprising to find a weak relationship between HR deceleration and RT.

In addition to the confounding effect of temporal conditioning,
the orienting response to the warning signal may influence autonomic
responses during the PI. If the PI is of shart and constant duration,
the conditioned and orienting responses may mask the HR response related
to performance. To solve these problems and to enhance the probability
of finding a HR response related to attentional performance, the PI may

be extended to partition the orienting components and presented for



random variable durations to reduce the possibility of temporally
conditioned anticipatory responses. Thus, the use of an extended vari-

able PI increases the probability of finding a HR response which would
reflect an instrumental act by the organism to lower selected perceptual
thresholds.

The present experiment was designed to investigate the respiratory
and HR indices of attention to RT signal and control nonsignal stimuli
and to relate these indices to RT performance. A second purpose was to
Investigate the differences between respiratory and HR responses to
temporally bound stimuli (fixed interstimulus intervals) and responses
to stimuli not temporally bound to the stimuli (variable interstimulus
intervals). Thus, changes in HR and respiration could be compared for
Ss attending to slgnal or nonsignal stimuli during schedules of fixed

or varlable Interstimulus intervals.



Method
Subjects. Forty-eight male volunteers from introductory psychology
courses at Michigan State University received extra course credit for
serving as Ss. As they appeared at the laboratory, they were assigned
to experimental conditions according to a predetermined random schedule.
Apparatus. Stimuli were programmed by means of magnetic tape and were
presented automatically (Porges & Fitzgerald, in press). Reaction time
was measured by a Standard electronic timer. The ambient noise level of
the experimental room was 51 db. (re .0002 dynes/cmz). Room temperature
was malntained at approximately 700 F.

The physiological responses were continuously recorded on a Beck-
man Type RS Dynograph at a paper speed of Smm/sec. The EKG recording
sites were cleaned with 70% ethanol prior to the application of the
electrodes. Zinc cup electrodes with a surface area of 3.14 sq. cm. and
filled with cotton soaked in a 1% ZnSOu solution were used to record HR
from EKG lead II. The HR was measured using a Beckman 9857 cardiotachom-
eter. Respiration was monitored with a Parks Electronics U-in. mercury
straln gage attached attached around the chest by a Velcro fastener.
Changes in chest circumference were measured by a Beckman 9875B mercury
strain gage coupler.

Procedure. Subjects were randomly assigned to one of four groups of 12
Ss each. A two-by-two factorial design was used with the factors being
task (RT and control) and schedule of PI (fixed and variable). The RT

groups were Instructed to respond as rapidly as possible followirg; the

termination of the warning signal (green light) that remained illuminated



for the duration of the PI. Simultaneous with the termination of the
warning signal, the respond signal (red light) was illuminated. The
respond signal was terminated when S pressed a button. The control groups
were Instructed to merely watch the signal lights. The respond signal
was presented for 60 msec. following the termination of the warning
signal in the control, since it was only necessary to elicit a response
to change in stimulus conditions.

The S was seated in a comfortable armchair in a sound-attenuated
room. After the pickups were attached, E read the instructions which
informed S of the task and then calibrated the recording equipment.

The experimental room was dimmed and the stimuli were presented by the
automatic equipment. Each S then received ten trials. The four groups
had the same schedule of intertrial intervals, which varied among 45,

60, and 75 sec. according to a predetermined random schedule. The PI
duration was 16 sec. for the fixed PI groups and varied among 16, 22,

and 28 sec. according to a predetermined random schedule for the variable
PI groups. The RT groups were instructed to press a button on the arm
rest at the cessatlion of the warning signal. The latency between the
termination of the warning signal and the button press was recorded as
S's RT.

Quantification of the data. The responses during each of the 10 trials

were scored for HR and respiation. Each trial was divided into four
periods: a "pre" period consisting of the 8 sec. prior to trial onuset,
an OR period consisting of the first 8 sec. of the PI, an attend period
consisting of the last 8 sec. of the PI, and a respond period consisting

of the first 8 sec. following the onset of the respond signal.



Respiration rate was analyzed by counting the frequency of initiations
and terminations of Inspirations in each period. The mean amplitude of
complete inspirations in each period was measured in millimeters of pen
deflection. The HR was obtalned from a beat-by-beat read out of the
cardiotachometer which transformed the R-R intervals into HR. The HR
reading for each measurement interval of 1 sec. consisted of the HR in
beats/min calculated fram the R-R interval which was completed during
that second. If more than one R-R cycle was completed during a given
second, only the later cycle was scored. The HR response was evaluated
by a comparison of mean HR and HR variance during the four periods and

by a second-by-second analysis of HR during the OR and attend periods.



Results

‘Respiration frequency. There was a significant increase in respiration

frequency from 3.98 during the "pre" period to 4.49 during the respond
period [F(3, 132) = 27.7, p < .0005]. However, as illustrated in Fig. 1,
the respiration frequency during the four periods differed under the two
task conditions [F(3, 132) = 12.4, p € .0005]. Although both curves show
monotonic increases, the curve deplcting the RT groups exhibits a pro-
nounced increase compared to the controls that maintained an approximately
constant rate. A test for simple effects showed significant differences
among the means of the four periods only for the RT task [F(3, 132) =
38.1, p €.0005]. A Newman-Keuls test showed that the respiration fre-
quency for the RT task during the respond period was significantly greater
than during the other periods (p < .0l1) and that the frequency was greater
during the attend perlod than during the "pre" period (p <.05). There

was no over all trial effect, but the two tasks differed across trials
[F(9, 396) = 3.8, p < .0005]. The mean of 4.81 for the RT groups on

Trial 1 decreased to 4.18 on Trial 10, while the mean of 3.96 on Trial 1
for the control groups increased slightly to 4.07 on Trial 10.

Respiration amplitude. The respiration response exhibited a sifmifi-

cant trend of decreasing amplitude from the "pre" (11.93 mm) through the
attend (10.77 mm) periods, followed by a return to approximately "pre"
level during the respond period (11.55 mm), [F(3, 132) = 4.4, p < .005].
Figure 2 1llustrates the significant differences between the two tasks
for respiration amplitude during the four periods [F(3, 132) = 6.1,

p <€.001]. The RT task resulted in a pronounced decrease in amplitude

during the attend period followed by an increase during the respond
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period. The control task resulted in a gradual decrease in amplitude
from the "pre" through the respond periods. A test for simple effects
showed that significant differences among the four periods existed

only for the RT task [F(3, 132) = 9.25, p < .001]. A Newman-Keuls test
showed that the respiration amplitude during the attend period differed
significantly from the "pre" and respond periods (p < .05). There was

an over all decrease 1n mean amplitude from 12.7 on Trial 1 to 10.7 on
Trial 10 [F(9, 396) = 4.6, p € .0005]. Confounding the trial effect
were significant Task x Trial [F(9, 396) = 2.7, p < .005] and Trial x
Period x Task [F(27, 1188) = 1.7, p < .01] interactions which statistic-
ally emphasized task specific adaptation of respiration amplitude across
trials.

Mean heart rate. The data revealed that mean HR varied significantly

among the four perdiods [F(3, 132) = 18.8, p < .0005]. The mean HR de-
celerated from the "pre" (76.05 beats/min) through the attend (75.13
beats/min) periods. This was followed by a substantial acceleration
during the respond period (77.33 beats/min). Figure 3 illustrates the
significant HR differences for the two tasks during the four periods
[F(3, 132) = 23.01, p < .0005]. The RT groups showed two pronounced HR
responses, deceleration during the attend period followed by acceleration
during the respond period. The control groups, following a slight de-
celeration from the "pre" period, maintained approximately the same HR
from the OR through the respond periods. A test for simple effects
indicated that the mean HR differed significantly among the four periods

Only fO]? the RT task [F(B’ 132) = '-IO.15, E < 00005]. A Newman-keuls test

showed that the mean HR was significantly greater during the respond
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period than during the other periods, which did not differ (p < .01).
There was an over all decrease in HR fram 80.01 beats/min on Trial 1 to
75.12 beats/min on Trial 10. The controls exhibited only a very minute
deceleration from 74.91 beats/min on Trial 1 to 73.12 beats/min on Trial
10. The reliability of this task difference was supported by a signifi-
cant Task x Trial interaction [F(9, 396) = 3.84, p < .0005]. Across
trials, the RT groups exhibited a greater reduction in HR during the
respond period than during the OR period. This may be demonstrated by

& comparison of Trial 1 means for the OR (83.11 beats/mln) and the
respond (91.09 beats/min) periods and Trial 10 means for the OR (78.27
beats/min) and the respond (78.42 beats/min) periods. This selective HR
reduction during the respond perlod as a function of trials is substan-
tlated by two significant interactions, Trial x Period [F(27, 1188) =
2.61, p < .0005] and Task x Trial x Period [F(27, 1188) = 3.73, p < .0005].

Heart rate variance. Heart rate variance sipgnificantly differentiates

between the two tasks [F(1, 44) = 8.84, p < .005]. Heart rate was more
variable for RT groups (13.29) than for controls (7.76). The data re-
vealed significant differences in HR varlance among; the four periods
[F(3, 132) = 6.04, p < .001]. However, the changes in HR variance amony
the periods differed sipnificantly for the two tasks as illustrated in
Fig. 4. For the RT task increases in HR variability followed the warning,
and respond signals, contrasting with a prominant decrease during the
atterd period. The controls also exhibited the least variability during
the attend period, although there were no variability changes following
the warning and respond sipgnals. The reliability of these task differ-

ences was supported by a significant Task x Period interaction [F(3, 132) =
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4,ou, p <.01]. A test for simple effects showed that HR variance differed
significantly among the four perlods only for the RT task [F(3, 132) =
8.81, p < .001]. A Newman-Keuls test showed that the attend period dif-
fered significantly from the OR and respond periods (p < .05).

Second-by-second heart rate. The HR response during the PI was evalu-

ated by a second-by-second analysis. For each S, HR during each second
of the OR and attend periods was calculated as the magnitude of change
in beats/min from the last second of the "pre" period. The second-by-
Second response pattern differed significantly between the two periods
[F(7, 308) = 10.09, P < .0005]. There were, however, reliable differ-
ences in the shapes of the HR response during the PI for the four groups,
reflecting differential task and schedule effects. This 1s statistically
substantlated by a Schedule x Task x Period x Second interaction [F(7,
308) = 2.62, p < .01]. Figure 5 illustrates that the second-by-second
HR response pattern for the groups with the fixed interstimulus interval
exhibited more pronounced directional responses during the OR period.
The fixed PI RT group showed the largest acceleration, while the fixed
PI controls exhibited the largest deceleration. During the attend period
the most prominant response occurred for the fixed PI RT group which
exhibited an acceleration followed by a deceleration prior to the onset
of the respond signal. The development of this biphasic response may be
investigated by inspecting Fig. 6. Fig. 6 depicts the development of
the second-by-second HR response during the attend period as a function
of trials for the fixed PI RT group. The figure illustrates the temporal
conditioning of HR deceleration prior to the respond signal. This con-

ditioned deceleration contrasts with the relative stability over trials
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of the bilphasic response during the OR period. During the attend period

on Trial 1 the HR accelerates, on Trial 5 the response appears biphasic,
and on the last trial there is evidence of substantial deceleration. These
observations suggest that the use of a fixed PI results in a temporally
corditioned anticipatory HR deceleration. This notion is supported by a
significant Schedule x Task x Trial x Period x Second interaction [F(63,
2772) = 1.44, p < .025]. When the data were analyzed as a function of
task, significant Task x Period x Second [F(7, 308) = 5.06, p < .0005]

and Task x Second [F(7, 308) = 11.78, p < .0005] interactions demonstrated
that the second-by-second HR patterns differed in response to the two
tasks. When the data were analyzed as a function of interstimulus schedule,
significant Schedule x Second [F97, 308) = 2.35, p < .025] and Schedule

x Task x Second [F(7, 308) = 2.10, p < .05] interactions emphasized the
effect of the Interstimulus interval on the second-by-second HR response
pattern 1n contrast to the lack of differentiation on the previously
presented HR and respiration measures.

Reaction time performance. Mean RT did not differ significantly between

the fixed PI and the variable PI RT groups. Reaction time performance

did improve as a function of trials [F(9, 198) = 4.83, p < .001]. Con-
founding this effect, as illustrated in Fig. 7, is the differential im-
provement of the two groups. The fixed PI group, although initially
responding slower, exhibits consistently faster responses following Trial
3. This is supported statistically by a significant Schedule x Trial

interaction [F(9, 198) = 1.98, p < .05].
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Physiologlical indices of RT performance. The mean HR varlance during

the "pre" period was subtracted from the mean HR variance during the

attend period for each S in order to generate an index of change in HR
variability. When this index was correlated with RT, a significant re-
lationship (r = .U417, n = 24, p < .05) was demonstrated. This indicated

that Ss exhibiting the greatest decrease in HR variance during the attend

period tended to have faster RT. The mean respiration amplitude of the
last complete inspiration during the attend period was subtracted from

the first complete inspiration during the respond period to generate an
Index of change in respirataory amplitude in response to the respond signal.
This index was used to relate the effect of changes in the depth of the
respiratory cycle on RT performance. There was a significant correlation

(r = -.452, n = 24, p € .025) between the magnitude of this respiratory
change and RT. This indicated that there was an inverse relationship
between the amplitude changes during the respond period and RT; the greater
the increase in respiration amplitude following the respond signal, the
faster the RT.

Since the previously described Analyses of Variance indicated that
the schedule of the PI affected both RT performance and second-by-second
HR responses, correlational analyses were conducted separately for each
RT group between RT performance and the recorded physiological variables.
Only one statistically significant relationship existed for the fixed PI
group. This relationship, upon which the previously reported combined
groups relationship 1s dependent, indicated that Ss who exhibited in-
creased respiratory amplitude to the respond signal had faster RTs

(r = «.579, n =12, p <.05).
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The relationships among the physiological variables and performance
In the vardiable PI group were far more substantial. There was a highly
significant correlation between the change in HR variance from the "pre"
to attend periods and RT (r = .717, n = 12, p < .01). This strong re-
lationship significantly contributed to the previously reported combined
groups correlation. This concomitance indicates that the greater the
decrease in HR variability from the "pre" to attend periods, the faster
the RT.

There was a significant relationship between respiration frequency
during the OR period and RT (r = .574, n=12, p < .05). This correlation
Indicated that the greater the frequency during the OR period the slower
the RT. When the respiration amplitude during the "pre" period was sub-
tracted from the OR period to correct for base level amplitude, there
was a correlation between this amplitude difference and RT (r = .572,
n=12, p = .052).

A prominant relationship was uncovered between the level of HR var-
iance during the "pre" period and RT (r= -.774, n = 12, p <€ .005). This
highly significant correlation indicated that, independent of the HR
variance reduction during the PI, the larger the mean HR variance prior
to trial onset, the shorter the response latency or the faster the RT.

A coefficlent of multiple determination using the "pre" level HR variance
and the HR variance change from the "pre" to attend periods as predictor
variables indicated that 75% of the variance of RT was accounted for by

these two HR variabllity measures.
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Physlological intercorrelations. The mean HR, HR variance, respiration

frequency, and respiration amplitude were calculated for each of the 48
Ss and mutually correlated. Mean HR and HR variance were statistically
Independent. There was a significant relationship between HR variance
and respiratory frequency (r = -.32, n = 48, p < .05), indicating that
the greater the respiration frequency the smaller the HR variance.
Respliration frequency and amplitude were related (r = -.34, n = U8,

p <€.05), which indicated that an increase in frequency was generally

accompanied by a decrease in amplitude.
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Discussion

The findings may be summarized with respect to the respiratory and
HR components of attentlon to RT signal and control nonsignal stimuli.
The two stimulus conditions produced differential respiratory and HR
responses. Heart rate accelerated in response to the warning and respond
slgnals. The HR acceleration to the respond signal was concordant with
Increases in HR variability, respiratory frequency and amplitude. In
cantrast to the mean HR, which did not change in anticipation of the
respord signal, respiratory frequency increased and respiratory ampli-
tude and HR varlability decreased. In response to the nonsignal stimuli
HR decelerated.

In contrast to previous research (Porges & Raskin, 1969) respira-
tary responses were task dependent. In the present study, the RT task
emphasized the importance of perceiving the onset and termination of
thé stimli, Juxtaposed to the passive attentional requirements of the
control task during which the same stimulil were merely presented with-
out necessitating a behavioral response. The experimental situation of
the control task was similar to the conditions in the Porges and Raskin
(1969) study in which Ss were not cognizant of a grading criteria for
thelr performance and in which response speed, inherent in any RT task,
was not emphasized. Thus, it is not surprising. that the responses during
the control task replicated the patterns reported by Porges and Raskin.
The respiratory response pattern during the RT task, therefore, is in
conflict with previous reports (Lyrn, 1966; Parges & Raskin, 1969).

Lynn based his report on an experiment that used high intensity stimuli,
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Parges and Raskin used mild auditory and visual stimull, and the pre-
sent study used signal and nonsignal visual stimuli. The variety of re-
sults indicates that specific respiratory responses are dependent upon
the signal or ellciting value of the stimlus.

In the present study, the HR variance decreased during the attend
period for the RT groups. This replicated Porges and Raskin (1969) who
demonstrated that the magnitude of HR variance reduction during attention
was dependent upon the subject involvement necessitated by the task.

The decrease in HR varlance during the attend period coincided with in-
creased respiration frequency and decreased respiration amplitude.

The decelerative second-by-second HR response during the OR period
for the control groups was consistent with the findings of other in-
vestigators (Chase & Graham, 1967; Lacey, 1959; Porges & Raskin, 1969).
The accelerative HR response during the OR period for the RT groups was
supparted by Obrist, Webb, and Sutterer (1969) who observed that the
direction of the HR response was dependent upon the motivational signifi-
cance of the signal. The HR decelerated during the attend period for the
fixed PI RT group as a result of temporal conditioning. The temporally
conditioned HR deceleration has been reported by numerous other invssti-
gatars (Obrist, Webb, & Sutterer, 1969; Fitzgerald & Porges, 1970;

Chase, Graham, & Graham, 1968).

The data suppart a two component hypothesls of attention: the first,

a phasic reflexive response deperdent upon the specific stimulus change

and characterized by a directlonal HR response; the second, a tonic
instrumental response related to attentlonal performance and



characterized by a decrease in HR variabllity. These responses may be
mediated by different neurophysiological mechanisms. Possibly, the phasic
response 1s initiated at the brain stem level and dominated by dien-
cephalic-limbic mechanisms, while the tonic response with its instrumental
aspects may be initiated at the cortical level having the ability to
inhibit the reflexive or instinctive responses.

The data in this study indicated that the tonic attention response
was related to attentional performance. From these results, it has been
clearly demonstrated that when the masking effect of temporal condition-—
ing i1s avoided and the phasic reflexive response is removed by utilizing
an extended variable PI, there is an extremely significant relationship
between RT and the reduction of HR variability.

Obrist et al. (1969, 1970) have attempted to demonstrate that the
greater the HR deceleration prior to the respond signal the faster the
RT. In the present experiment, the HR during the last second of the '"pre"
period was subtracted from HR during the last second of the attend period
to generate an index of HR deceleration to test Obrist's hypothesis.
Contrary to Obrist's hypothesis, there was no significant relationship
between the degree of deceleration prior to the respond signal and Rl

in either of the RT groups. Chase et al. (1968) also investigated the

deceleration prior to the respond signal. They demonstrated that the

HR deceleration prior to the respond signal was temporally conditioned.
However, they imply that the the conditioned "attention" response is
related to perceptual enhancement, inferring that faster RT would occur
following conditioning. An inspection of the data in the present experi-

ment reveals that thls is not the case. There was no difference between
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the RT on Trial 5 and Trial 10, although the anticipatory decelera-
tion took the full 10 trials to be conditioned. From these results and
the data previously presented, the deceleratory response prior to the
termination of a fixed PI must be lnterpreted merely as a temporally
conditioned anticipatory response unrelated to performance. Consistent
with this interpretation, it would not seem logical if conditioned HR
deceleration were related to perceptual enhancement to report its oc-
currence in anticipation of noxious stimuli.

The intercorrelation of physiologlcal responses demonstrated sta-
tistical independence between HR and mean HR variance. However, HR vari-
ance was influenced by respiration frequency. Respiration frequency was
negatively correlated with HR variance. Moreover, respiration amplitude,
although not correlated with HR variance, was negatively correlated with
respiration frequency.

There was a pronounced negative correlation between "pre" trial HR
Variance and RT. Subsequent research (Porges, 1970) has indicated that
HR variance may be used to predict future attentional performance. These
findings are supparted by observation by Lacey (1958) that autonomic
variability was positively correlated with the length of time an indi-
vidual could maintain maximal readiness to respond.

In summary, the results have: (a) distinguished phasic and tonic
HR components of attention; (b) demonstrated respiratory responses re-
lated to attentional task demands; (c) demonstrated the relationship
between the HR component of tonic attention and attentional performance;
(d) distinguished between two decelerative R responses, the orienting,

response and the conditioned anticipatory response; (e) substantiated
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the independence of HR and HR variance; and (f) identified base level

HR variability as an extremely sensitive correlate of RT performance.
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APPENDIX A

Instructions

Reaction time groups. The pickups I have attached will record changes

iIn HR and 1n respiration. They are very sensitive to movement, so try
not to make any unnecessary movements. Your task will be to watch the
green light on the left of the panel appear and to press the button on
the arm rest when the green light disappears. The speed at which you
press the button will determine the length of time the red light will
remain illuminated. This period of illumination will be your reaction
time. Your task is to press the button as rapidly as possible when the
green light goes off. Remember not to make any unnecessary movements and
to respord as rapidly as possible when the green light disappears. You
will receive one series of trials. When the white light goes off the
experiment will begin. When the white light comes on again, it will
designate the end of the experiment. At that time please remain seated
until T come back and remove the electrodes. Do you have any questions?
I am now going into the other room to calibrate the equipment, when I
return I will close the chamber door. Remember to relax and to make as
few body movements as possiblle, especially of the arm and leg to which
the electrodes are attached.

"~ Control groups. The pickups I have attached will record changes in

HR and in respiration. They are very sensitive to movement, so try not

to make any unnecessary movements. Your task 1s simply to watch the lights
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on the panel in front of you, the green light on the left of the panel
and the red light on the right of the panel. The red light will be
11luminated momentarily when the green light disappears. A trial will
consist of one presentation of the palr of lights. You will receive

one series of trials. When the white light goes off the experiment will
begin. When the white light comes on again, it wlll designate the end
of the experiment. At that time please remain seated until I come back
and remove the electrodes. Do you have any questions? I am now going
Into the other room to calibrate the equipment, when I return I will
close the chamber door. Remember to relax and to make as few body move-
ments as possible, especially of the arm and leg to which the electrodes

are attached.
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APPENDIX B

Analyses of Varlance Summary Tables

" Respiration frequency.

Source af MS F
Schedule (S) 1 34.13

Task (T) 1 45,63

SxT 1 13.00

Error Ly 42,34

Trial (Tr) 9 1.45

SxTr 9 1.12

T x Tr 9 2.93 3. T8#*R%
SxTxTr 9 0.82

Error 396 0.77

Period (P) 3 22.57 27 .68%%%x
SxP 3 0.89

TxP 3 10.08 12, 37**%%
SxTxP 3 0.26

Error 132 0.82

Tr x P 27 0.47

SxTrxP 27 0.65

TxTrxP 27 0.64

SXTxTrx?P 27 0.66

Errar 1188 0.59

k%% p < ,0005



‘Resplration Anmplitude.
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Source af MS F
Schedule (S) 1 6.88
Task (T) 1 1032.97
SxT 1 76.12
Error Ly 730.06
Trial (Tr) 9 125.95 L, 5g%%%%
S x Tr 9 31.80
T x Tr 9 75.30 2.75%#
SxTxTr 9 13.23
Error 396 27.41
Period (P) 3 114,99 4, Yo%
SxP 3 9.98
TxP 3 159.20 6. 1%
SxTxP 3 6.03
Error 132 26.02
Tr x P 27 36.00
SxTrxP 27 21.42
TxTrx?P 27 4y .60 1.75¥%
SxTxTrx?P 27 33.35

. Error 1188 25.53

#88% ¢ 0005
¥® p < ,001
%  p < .005
* p < .01



‘Meani heart rate.
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.Source dar MS F
Schedule (S) 1 193.31

Task (T) 1 12821.15

SxT 1 540.04

Error Ly 5762.30

Period (P) 3 403.52 18.76%*%%
SxP 3 9.02

TxP 3 494 .83 23.01%%%x
SxTxP 3 Ly ,96

Error 132 21.51

Trial (Tr) 9 418,07 9.0l%%x%
S xTr 9 43.80

TxTr 9 177.84 3.84%x%x
SxTxTr 9 62.00

Error 396 U6.26

PxTr 27 22.53 2.61 %%k
SxPxTr 27 12.77

TxPxTr 27 32.26 3. TlUxxxR%
SXxTxPxTr 27 8.63

Error 1188 8.63

¥R 1 < 0005




Heart rate varlance.

* p < .01

.Source ar MS F
Schedule (S) 1 Tu4l.96

Task (T) 1 14682.09 8.83%%
SxT 1 275.74

Error Ly 1661.55

Period (P) 3 933.99 6.0L*%¥*
SxP 3 53.02

TxP 3 625.17 4. oy*
SxTxP 3 109.69

Error 132 154.60

Trial (Tr) 9 58.31

S x Tr 9 140.05

T x Tr 9 148.21

SxTxTr 9 128.02

Error 396 157.30

PxTr 27 92.74

SxPxTr 27 113.93

TxPxTr 27 100.31
SxTxPxTr 27 84.88

Error 1188 101.00

% < 005

¥ p < ,001
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Second-by-second heart rate.

Source darf MS F
Schedule (S) 1 96.23

Task (T) 1 667.82

SxT 1 33.54

Error Ly 377.47

Period (P) 1 438.97 7.60%%

S xP 1 73.42

TxP 1 597. 47 10.38%*%
TxSxP 1 7.61

Error Ly 57.58

Second (Se) 7 82.84 5.71%%%%
S x Se 7 33.99 2.35%

T x Se 7 170.75 11, 78%%%%%
SxTx Se 7 30.39 2.10%
Errar 308 14.50

Trial (Tr) 9 434,17

S xTr 9 387.92

T x Tr 9 358.01

SxTxTr 9 255.95

Error 396 255.00

P x Se 7 104.42 10.09* % %%%
SxPxSe 7 15.55

TxPx Se 7 52.39 5. Q6% %k %%
SXTxPxSe 7 27.08 2.62%%

Error 308 10.34



37

PxTr 9 113.60 4, op%%%x

SxPxTr 9 25.07

TxPxTr 9 42.57

SxTxPxTr 9 12.25

Error 396 26.66

Tr x Se 63 10.08

S xTr x Se 63 12.02

TxTr x Se 63 11.99

SxTxTr x Se 63 10.74

Errar 2772 11.70

PxTrx Se 63 8.42

SXxXPxTr x Se 63 9.86

TxPxTrx Se 63 11.46

SXTxPxTrxSe 63 15.08 1.44%
. Error 2772 10.46

k%%¥% p < ,0005

k#%%  p < 001

#%  p <.005

i p < .01

* p < .05

Reaction time.

Source ar MS F

Schedule (S) 1 41003.20

Error 22 14873.96

Trials (Tr) 9 13144.91 4y, B3eRRR

S xTr 9 5382.44 1.98%

Error 198 2720.19
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