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ABSTRACT
A COMPARISON OF FRACTIONATED REACTION TIME AND

MOVEMENT TIME IN MALES ACROSS SELECTED
AGE AND PHYSICAL ACTIVITY LEVELS

By
Ardavan E-Lotfalian

The purpose of this investigation was to compare the frac-
tionated reaction time and movement time performance of 120 male
subjects across various age and physical activity levels. The
subjects were divided into six groups according to age and level
of activity. Two young groups included men 20 to 30 years of age,
two middle age groups were comprised of men ranging in age from
40 to 51 years and two older age groups were made up of men between
58 and 79 years of age.

The apparatus used consisted of a stimulus unit, a response
unit and a recording unit. The stimulus unit was composed of three
white lights which were used as the visual stimuli. The recording
unit consisted of an oscilloscope and an electramyograph. The re-
sponse unit consisted of two parts, a hand response unit and a
foot response unit. Following the three practice trials, each sub-
ject completed a total of 48 trials including 12 hand simple, 12
hand choice, 12 foot simple, and 12 foot choice reaction time

trials.
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The data were analyzed by multivariate analysis of variance
procedures to detect significant differences in the performance of
the three age groups or the two activity groups on total reaction
time, premotor time, motor time and movement time. Analysis of
the data indicated that age generally was a significant factor in
total reaction time (i.e., hand simple, hand choice, foot simple
and foot choice reaction time), in premotor time, in motor time
associated with foot choice reaction time and in movement time.
Active males and less active males were not significantly differ-
ent from each other in terms of total reaction time, premotor
time, motor time or movement time. Similar results were obtained
when all sixteen reaction time variables were included in one
analysis or when they were analyzed in four sets of related vari-

ables.
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CHAPTER I

INTRODUCTION

The relationship between reaction time, movement time and age
is curvilinear in nature. Studies show that reaction time improves
with age until the end of the second decade of life; that little
deterioration occurs during the third, fourth and fifth decades;
and, that a gradual decline is observed beginning with the sixth
decade of 1ife (Hodgkins, 1962; Panek, Barrett, Sterns & Alexander,
1978). Unfortunately, the physiological condition of the subjects
in these investigations has been largely ignored.

Some significant questions regarding the role of physical fit-
ness, physical activity, age, and neuromuscular efficiency were
raised by Botwinick and Thompson in 1968. These investigators were
concerned with the relationship between the life history of indivi-
duals and their aging patterns. They assumed that athletic partici-
pation resulted in age differences in neuromuscular parameters.
Although Botwinick and Thompson (1968) raised these important ques-
tions, they failed to include an elderly, active group in their
study. Therefore, further investigation is needed to determine the
effects of chronic physical activity on the maintenance of neuro-
muscular integrity.

Total reaction time is not a reliable indicator of central

nervous system functioning in regard to aging and physical activity

1



levels (Clarkson, 1978) because total reaction time does not provide
separate information about central nervous system and muscle con-
traction functions. The current study employed an electromyographic
technique in order to fractionate total reaction time into premotor
time and motor time components, thus making it possible to differen-

tiate between nervous system and muscular system functioning.

Statement of the Problem

The purpose of this investigation was to compare the frac-
tionated reaction time and movement time performances of male sub-
jects across various age and physical activity levels. More speci-
fically, this study was designed to compare the fractionated simple
reaction time of the hand and foot, the fractionated choice reaction
time of the hand and foot, as well as the movement time of the hand
and foot for six groups of male subjects. The six groups repre-
sented: (1) young active males; (2) young less active males; (3)
middle age active males; (4) middle age less active males; (5) older

active males; and, (6) older less active males.

Hypotheses
Three hypotheses were tested in this investigation:

1. For both active and less active groups, there is a deter-
joration in reaction time and movement time performance
with advancing age.

2. Differences in total reaction time between the various
age groups are due to a lengthening of the premotor time

component rather than the motor time component.



3. There is less deterioration in reaction time and movement
time responses with advancing age in individuals who
engage in a regular program of physical activity than
in individuals who were formerly active or were never

involved in a regular program of physical activity.

Need for the Study

Psychologists and physical educators are interested in the
slowing of reaction time in the later years of life, not only be-
cause of its importance in perceptual-motor skills, but also because
of its presumed reflection of central nervous-system functioning
(Botwinick, 1965). Weiss (1965) demonstrated that the increase in
simple reaction time occurred predominantly in the premotor compo-
nent of reaction time, which suggested that the greatest detrimen-
tal effects of aging are found in the nervous system, rather than
in the muscular system.

Several studies have indicated that active elderly persons who
participate in physical activity training progréms have reaction
time and movement time performance scores superior to those of
their less active counterparts (Botwinick & Thompson, 1968;
Spirduso, 1975; Spirduso and Clifford, 1979; Clarkson, 1978). For
example, Spirduso (1975) found that elderly people who maintain
an active life style reacted and moved significantly faster and
more consistently than elderly non-active people. Even more impor-
tant, they reacted and moved at least as quickly as young, non-

active individuals.



Conflicting results have been obtained when different age
groups were compared on total reaction time and fractionated reac-
tion time. Kroll and Clarkson (1977) demonstrated that on total
reaction time performance, an old inactive group had the longest
reaction time followed by an old active group, a young inactive
group and finally a young active group. However, when reaction
time was fractionated into premotor time and motor time components,
members of the old active group and the old inactive group were
significantly different from each other in premotor time only.
Moreover, the old active group was similar to the young active
group in the premotor time and motor time performance. Therefore,
kroll and Clarkson suggested that the utilization of total reaction
time as a single criterion measure of the aging process fails to
reveal significant differences in the components of reaction time
performance. By fractionating reaction time into premotor and motor
time components, more information is derived on the functioning of
the central nervous system versus that of the peripheral processing
system. To this author's knowledge, no study has focused on frac-
tionated choice reaction time involving the lower limbs with the
performer in a standing position. Nor has total body movement time
been measured for three different age groups with two different

levels of exercise. .

Research Plan

The subjects were 120 male volunteers. They were categorized

into six groups, 20 in each group, according to age and level of



activity. The younger age groups included men 20 to 30 years of
age, while the middle age groups and older groups ranged in age

from 40 to 51 years and from 58 to 79 years, respectively. The
active groups included men who had been involved in physical acti-
vity on a regular basis all of their lives. Less active groups in-
cluded men who did not exercise regularly or who had not partici-
pated in regular physical activity for five years or longer. The
testing apparatus consisted of a stimulus unit, a response unit,

and a recording unit. The stimulus unit was composed of three white
1ights which were used as the visual stimuli. The recording unit
consisted of a digital oscilloscope and a chart recorder with equiva-
lent paper speed of 100 millimeters per second for the foot and 200
millimeters for the hand, respectively. The response unit consisted
of two parts, a hand response unit and a foot response unit. The
hand response unit included one releasing hand reaction time button
and three hand Microswitches placed 25 centimeters apart. The foot
response unit was composed of one releasing foot reaction time but-
ton and three foot switches placed 30 centimeters apart. At the
light stimulus, the subject moved his hand or foot from the reaction
time button to the appropriate Microswitch with the greatest possible
speed. Following a brief practice period, the subject completed 12
consecutive trials for each of the four reaction time tasks. Multi-
variate analysis of variance was used to analyze the data that were

collected by the above procedure.



Limitations of the Study

This study was subject to several limitations. First, the
subjects were volunteers from Michigan State University and the
immediate surrounding community. The degree to which these volun-
teers were representative of the university community or that of
the general population would determine the extent to which the re-
sults could be generalized. Secondly, the classification of sub-
Jjects into "active" and "less active" groups within each age cate-
gory was based on a self-report activity history. The accuracy of
these reports was contingent on the validity of the recall as well
as the integrity of the subjects.

A third limitation was the inability to secure a group of
sedentary subjects. Although the attempt was made, it was not pos-
sible to obtain a sufficient number of subjects at each age level
who would report themselves as being sedentary. Fourth, the active
subjects in this study engaged in different sport activities, there-
fore, application of the results to a particular sport is not war-
ranted. Finally, the electrodes for obtaining the premotor time
measure for the foot were attached to the hamstring muscles. The
extent to which activity recorded from this site is not an accurate
measure of true premotor time for the various directional movements

of the foot should be considered a limitation.

Definition of Terms

Reaction Time. The interval of time which elapses between the

presentation of a stimulus that requires a muscular response and the

onset of that response.



Movement Time. The time required to move the dominant hand

25 centimeters in one of three forward directions or the dominant
fooct 30 centimeters in a forward, sideward, or backward direction.

Simple Reaction Time. The time required for a subject to re-

act to a specified stimulus with a prescribed response.

Choice Reaction Time. The time required for a subject to re-

act to stimuli presented randomly with the corresponding prescribed
responses.

Premotor Reaction Time. The period of time from stimulus on-

set to the appearance of a muscle action potential from the muscle
responsible for initiation of the response (Fig. 3.2).

Motor Reaction Time. The duration of time from initial muscle

firing to the release of the hand or foot from the reaction time
button. This measure was obtained by subtracting premotor time from

total reaction time.



CHAPTER II
REVIEW OF THE LITERATURE

This study was designed to investigate fractionated reaction
time and 1imb movement time in male subjects grouped according to
age and level of physical activity. Since the literature on reac-
tion time is voluminous, this review of the literature will be 1imi-
ted to those studies which are central to the purpose of this inves-
tigation. Thus, studies that primarily focus on the relationship of
sensory modality, stimulus intensity, intelligence, academic achieve-
ment, sex differences, and special populations to reaction time are
not included in the review. The chapter is divided into three major
sections as follows: (1) age differences in reaction time and move-
ment time; (2) the relationship of physical activity to reaction
time and movement time; ahd (3) studies specifically involving frac-
tionated reaction time.

Age Differences in Reaction Time
and Movement Time

Speed of reaction in relation to age has been one of the most
extensively studied phenomena in the laboratory investigation of
human performance. One of the most reliable and well-documented
findings in the literature on age and performance is that the time
required by mature adults to perform nearly all activities increases

with advancing age. The results of most studies which used subjects



across different age spans, from early childhood through the ninth
decade, conclusively demonstrated that a significant relationship
exists between reaction time performance and chronological age.
Significant relationships between chrononological age and movement
time scores also have been established in many of the investiga-
tions. The review of literature involving age differences in reac-
tion time and movement time will be presented under the following
subheadings: (1) age related studies; (2) developmental studies;
(3) preparatory interval; (4) perceptual difficulty; (5) stimulus
intensity; (6) stimulus alternation versus stimulus repetition; and

(7) physiological conditioning.

Age Related Studies

Numerous investigators have studied the nature of the rela-
tionship between age and reaction time performance across several
decades of life. Of interest has been the determination of the age
of maximum performance, the age of greatest consistency in perform-
ance, and the age of onset of significant decline in reaction time
performance.

The curvilinear relationship of reaction time and chronological
age is well documented. In general, investigators report that re-
action time improves from birth until approximately twenty years of
age, at which point it plateaus for several decades and then de-
creases as age increases (Bellis, 1933; Pierson, 1957; Mendryk, 1960;
Hodgkins, 1962). Bellis (1933) studied the reaction time of 150

males and females sampled at random and ranging in age from 4 to 60
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years. He obtained the shortest reaction time scores from subjects
between the ages of 21 and 30 years, with a decrease in performance
in the younger and older aged subjects. Pierson (1957) studied the
reaction time and movement time of 400 male subjects between the ages
of 8 and 83 years. He found that both movement time and reaction
time were significantly related to chronological age. The fastest
movement time and reaction time performances were obtained from men
19 and 20 years of age. However, the greatest stability of indivi-
dual movement time and reaction time performance resulted from men

26 through 30 years of age.

Junior high school boys and middle age men were found to be
slower than college males in both speed of movement and reaction
time in a study conducted by Mendryk (1960). He tested three groups
of 50 males who were 12, 22 and 48 years of age. Measures were
taken of reaction time performance and of movement speed for a short
arm-thrust as well as for a longer arm movement involving a circular
component. Fifty trials were completed by each subject with the
short movement, followed by 60 trials with the long movement. Only
the last 30 trials of each movement were analyzed. The 12-year-old
subjects were 15 percent slower than the 22-year-old males in both
reaction time and the short movement time, and 7 percent slower in
the long movement time. The 48-year-old subjects were 13 percent
slower than the group of 22-year-old subjects in reaction time, 18
percent slower in short movement time and 21 percent slower in long
movement time. All of these differences were significant with the

exception of the 7 percent difference involving the long movement.
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There were no significant differences between the performance of 12-
year-old and 48-year-old subjects on any of the measures.

Hodgkins (1962) examined the influence of age on speed of reac-
tion and speed of movement in 480 girls and women ranging from 6 to
84 years of age. In addition, he investigated the relationship of
reaction time to movement time. Results of the study showed that
reaction time and movement time were uncorrelated at all age levels,
except between the ages of 22 and 37 years. In these females, move-
ment time improved with age up to age 15, remained constant to age
19, and deteriorated thereafter. In contrast, reaction time improved
with age up to age 19, remained constant to age 26, and then deter-
iorated with age.

The general decline in reaction time performance in the later
years stimulated interest in the existence of this phenomenon in
other speed-related activities. Salthouse (1976) studied the age-
performance functions for a variety of speed activities in order to
determine if all activities decline at the same rate. The procedure
consisted of extracting relative performance measures from five pub-
1ished reports that provided data on a variety of activities ranging
from simple reaction time to long distance running events. Salt-
house determined the maximum performance for each set of data across
all age groups and then computed ratios of performance for each age
group to this maximum performance. He found that the steepest age
declines are exhibited in the running events. These require approxi-
mately 35 to 40 percent more time to complete at age 60 than at age

20. Moderate age declines were evident in the swiftness-of-blow,
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manual-reach-and-grasp, and reaction time plus motor time activities
which are performed approximately 15 to 20 percent slower at age 60
than at age 20. Simple reaction time tasks were performed only 5
percent slower at age 60 than at age 20. Another interesting find-
ing of this study was that the nature of the age function was nearly
identical for running events of various distances. For example,
there was no indication that age of maximum performance increased
with distance, or that speed deteriorated more slowly at longer dis-
tances than at shorter distances. He concluded that it is inappro-
priate to refer to the "slowing with age" phenomenon without specify-
ing the particular activity with which one is concerned.

The differential effects of aging on many reaction time tasks
become evident during the late forties and early fifties. However,
for simple tasks the aging effects may be delayed until the sixties
or even beyond. Panek, Barrett, Sterns and Alexander (1978) selected
175 femle volunteers in order to investigate age differences in
perceptual-motor reaction time for seven age groups. The age of the
subjects ranged from 17 to 72 years. Perceptual-motor reaction time
was measured by two levels of tasks: simple choice reaction time
and complex choice reaction time. The stimuli for the simple choice
reaction time task consisted of four different signals--a green left
turmn arrow, a red braking disc, a green right turn arrow and a
yellow disc for a horn-blow response. Each stimulus was presented
six times in random order, to which the subject was to respond appro-
priately. In the complex choice reaction time task, the stimulus

consisted of a photograph of an actual driving scene in which a
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signal or sign was embedded. Subject responses were the same as
those for the simple choice reaction time task. Results of the
simple choice reaction time task showed significant differences
among the groups. In addition, a trend analysis yielded a signifi-
cant linear trend. Newman-Keuls analysis indicated that Group 7
(age 65 to 72 years) was significantly slower than the six other
groups. Analysis of the complex reaction time scores indicated
that there also was a significant linear trend. Newman-Keuls analy-
sis revealed that Group 2 (age 25 to 32 years) was significantly
faster than all other age groups and Group 7 (age 65 to 72 years)
was significantly slower than the other groups. Groups 1 (age 17
to 24 years), 3 (age 33 to 40 years) and 4 (age 41 to 48 years) were
significantly different from each other, but were significantly
slower than Group 2 (age 25 to 32 years) and significantly faster
than Groups 5 (age 49 to 55), 6 (age 57 to 64 years) and 7 (age 65
to 72 years). Moreover, Groups 5 (age 49 to 56) and 6 (age 57 to
64) were not significantly different from each other, but were sig-
nificantly faster than Group 7 (age 65 to 72 years) and significantly
slower than the other groups.

Nebes (1978) studied vocal response versus manual response as
a determinant of age difference in a simp]é reaction time task. 1In
the two studies reported by Nebes, the type of motor response that
the subjects made determined whether or not a significant difference
in simple reaction time was found between young subjects and older
subjects. In the first study, there was no difference between 20

older subjects and 20 younger subjects in the speed with which they
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initiated a vocal response to a stimulus. In the second study, sim-
ple visual reaction time was measured in 32 young subjects and 32
older subjects using both manual and vocal responses. With the manual
response, the typical age difference in reaction time was found. How-
ever, with the vocal response, there was no significant difference
between two age groups. Thus, Nebe's findings did not support the
hypothesis that with age there is a universal slowing in all cogni-
tive operations. Instead, he suggested that whatever the underlying
causes for behavioral slowing with age, they do not appear to operate
at such a fundamental level that all psychological processes are
necessarily affected. In addition, he concluded that the existence
of a significant age difference in sinple psychomotor latency is

dependent on the nature of the subject's response.

Developmental Studies

Several investigators have studied the nature of reaction time
performance dufing the course of growth and development of children
(Phillip, 1934; Goodenough, 1935; Jones, 1937; Surwillo, 1971; Sur-
willo, 1972; Carron & Bailey, 1973; Fulton & Hubbard, 1975; Eckert &
Eichorn, 1977). Al1l of these investigators demonstrated a signifi-
cant releationship between reaction time and development. The nature
of this relationship is an improvement in reaction time with increas-
ing age. This reduction in reaction time during the developmental
years was revealed in both cross-sectional and longitudinal studies.

In a cross-sectional study, Surwillo (1971) investigated sim-
ple auditory reaction time and choice auditory reaction time tasks

in a group of 110 boys aged from 46 to 207 months. Electroencephalograms
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were recorded during performance of simple reaction time and choice
reaction time to determine the extent to which differences in reac-
tion time associated with development could be identified by develop-
mental changes recorded in the electroencephalograms. In the simple
reaction time task, ten high and ten low tones were presented in
random order over an 8-minute interval. For the choice reaction
time task the subject was instructed to press the reaction key only
to the high tone and to ignore the low tone. As in the simple reac-
tion time, ten high and ten low tones were presented in random order.
The results showed a significant relationship between reaction time,
standard deviation of reaction time and development. The Pearson
product-moment correlation coefficient of -.501 between age and
electroencephalogram period was significant. Choice reaction time
performance scores showed a more rapid decline with increasing age
than those for simple reaction time.

In another cross-sectional study Surwillo (1972) tested 12 boys
aged 8.5 to 17 years to discover whether reaction time changed with
age in children. The score for each subject was an average value
based on 20 trials of the reaction time task taken after the subject
had been given ample practice. The correlation coefficient of -.895
between reaction time and age suggested that reaction time improves
with age in children. The results of this investigation were sup-
ported by the work of Fulton and Hubbard (1975). These investiga-
tors measured the reaction time and movement time of the four limbs
in children at ages 9, 11, 13, 15 and 17 years. The subjects were

random samples of 50 children in each age group. Fulton and Hubbard
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reported that reaction times and movement times decreased rapidly
with age.

A longitudinal study by Carron and Bailey (1973) examined pos-
sible changes and individual differences in the reaction time and
movement time performance of 146 young boys across the age range
from 7 to 13 years. Hand reaction time, movement time and body
reaction time data for boys were obtained annually as part of the
Saskatchewan Child Growth and Development Study. The subjects were
measured for seven years (from ages 7 to 13 years) for hand reaction
time and movement time, and also for four years (from ages 10 to 13
years) for body reaction time. Carron and Bailey concluded that
total body reaction time decreased steadily as a function of age
over the age range examined. Hand reaction time steadily decreased
as a function of age from 7 to 11 years of age, but beyond this no
further improvement occurred. Hand movement time decreased steadily
with age from 7 to 9 years of age beyond which no further improve-
ment occurred. The year-to-year correlations for hand reaction time
were generally low, but statistically significant, while those for
hand movement time and body reaction time were even lower and mostly
non-significant.

Eckert and Eichorn (1977) examined the reaction time of two
groups of children in the longitudinal studies at the Institute of
Human Development, University of California Berkeley. The pur-
pose was to determine developmental variability in reaction time.
Group One was tested for reaction time at yearly intervals from

age 4.5 to 11.5 years. The number of subjects tested at various
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age levels ranged from 18 to 26 for girls and from 22 to 30 for boys.
Group Two was measured on reaction time annually for four consecu-
tive years. The ages at testing ranged from 10 through 16 years,
and the numbers at these ages ranged from 15 to 75 for boys and fram
13 to 89 for girls. The data were grouped by chronological age and
sex and by skeletal age and sex for both groups. The results for
Group One indicated that there was a consistent and significant
improvement in mean reaction times from 4.5 to 11.5 years for both
males and females. However, adjacent year comparisons indicated
that significant improvement occurred only between ages 4.5 and 5.5
and between 5.5 and 6.5 years for both males and females. Similarly,
in Group Two, there was a significant improvement in reaction time
from 10 to 16 years for males using either hand. But, only between
11 and 12 years was there a significant annual increment for both
hands. There was also a decline in the amount of improvement that
occurred with increasing age. The females also showed significantly
faster reaction times with increasing age using either the right or
the left hand; but again; only between the ages of 11 and 12 years
was there a significant annual improvement. However, by age 16, the
mean performance had'regressed to a level of performance conparable
with that at 12 years of age. When the reaction time data were ana-
lyzed in terms of skeletal age, significant results were obtained
for both males and females. On the basis of skeletal age, the mean
reaction time for males decreased steadily from age 8 through 16

years. In contrast, mean reaction time for females decreased only
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from skeletal age of 8 years through 11 years, followed by trends

toward increased mean reaction time.

Preparatory Interval

Preparatory set is, inferentially, a readiness to respond to
the appropriate reaction signal. Operationally, it is measured as
the variation in reaction time which occurs as a function of varia-
tion in the preparatory interval. The preparatory interval is the
interval between the onset of the warning signal and onset of the
reaction time signal. It is also commonly referred to as the fore-
period. There are two common methods of using the preparatory inter-
val in studies involving preparatory set. These are known as the
"regular" and "irregular" procedures. In the "regular" series the
length of the preparatory interval remains constant for each trial
in the series. In the "irregular" series, the length of the prepara-
tory interval is variable.

The difference in reaction time performance under short and
long preparatory interval conditions is greater for older subjects
than for younger subjects (Simon, 1968; Thompson & Botwinick, 1968;
Elliott, 1970). Simon (1968) conducted an experiment to investigate
the signal processing component of reaction time as a function of
aging. Simon tested 24 elderly subjects between 64 and 86 years of
age and 24 young subjects between the ages of 18 and 21 years. The
subjects were instructed to respond to two kinds of test trials, one
in which the correct response was to press the key on the same side
of the stimulus 1ight and the other in which the correct response

was the key on the opposite side. Two sets of warning 1ights were
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used, one set positioned on top of the other. If a top warning light
came on before the trial, the subject responded with the right key
to the right 1ight or the left key to the left light. If a bottom
1ight came on before the trial, the subject responded with the right
key to the left 1ight or with the left key to the right light. All
subjects performed two blocks of trials. In one block the prepara-
tory interval was 100 milliseconds, and in the other block this in-
terval was 1.5 seconds. Each block consisted of 60 test trials.
Half of the subjects in each age group performed the short prepara-
tory interval trials first while the other half performed the long
preparatory interval trials first. Analysis of the data revealed
that reaction time associated with the short preparatory interval
was slower than that with the long preparatory interval. Simon
maintained that the difference between reaction times under short
preparatory intervals and long preparatory intervals providgs a
measure of time spent processing the meaning of the warning signal.
He reported that the difference in reaction time between the short
preparatory interval and long preparatory interval conditions was
greater for the older group than for the younger group.

Thompson and Botwinick (1968) studied age differences in rela-
tion to electroencephalogram arousal and reaction time. The sub-
jects included two age groups: an elderly group consisting of 16
men and 10 women ranging in age from 67 to 87 years and a younger
group consisting of 16 men and 10 women ranging from 19 to 35 years
of age. Preparatory intervals of .5, 3.0, 6.0 and 15.5 seconds

duration were used for both a regular and an irregular series of
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stimulus presentations. Electroencephalogram tracings were recorded
from the left parieto-occipital area during the middle reaction time
trials for each of the different preparatory interval conditions.

In all, electroencephalograms were obtained on 82 reaction time trials
for each subject. A resting control measurement was also obtained.
The results indicated that in the regular series the greatest change
in electroencephalogram amplitude occurred during the .5-second pre-
paratory interval for both age groups of subjects. The electroenceph-
alogram change for the older group was greater than for the younger
group, but the difference between the two age groups diminished as
the preparatory interval durations increased. In the irregular
series for older subjects, the maximum electroencephalogram change
occurred with the shortest preparatory interval (.5 seconds) while
for younger subjects the minimum change occurred with this prepara-
tory interval. The authors reported a statistically significant age
difference in reaction time, but not in the electroencephalogram
measure. This led to the conclusion that electroencephalogram
changes do not explain the slowing of reaction time in older age
subjects. Botwinick and Thompson (1968) reported that older adults
are more variable in reaction time than younger adults independent
of the preparatory interval effect.

In addition to the studies mentioned, E11iott (1970) investi-
gated the effect of age and preparatory interval on the simple audi-
tory reaction time of 2838 subjects. There were 24 subjects at each
age from 5 through 13 plus 72 young adults. Reaction time scores

were obtained from both regular and irregular stimulus presentation
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procedures. The preparatory intervals were 1, 2, 4, 8 and 16 seconds.
Ellijott found that children had longer reaction times than young
adults and their reaction time performance was affected to a greater
degree by the preparatory interval than that of the young adults.

Elderly subjects fail to show an anticipatory response when
the preparatory period is long. Loveless and Sanford (1974) con-
ducted an experiment to relate changes in preparatory set to the
slow change of cortical potential known as the "contingent negative
variation." Two groups of subjects were employed. The first group
included 12 young subjects ranging in age from 20.2 to 22.7 years.
The second group consisted of 12 elderly subjects who had retired
or were close to the age of retirement. Five foreperiods were used,
namely .5, 1.0, 3.0, 6.0 and 15.0 seconds. In the regular and ir-
regular sessions, 16 trials at each foreperiod duration were recorded.
At the same time, electroencephalograms were recorded from silver
chloride cup electrodes spaced along the midline in supra-orbital,
frontal, vertical, and parieto-occipital positions. Analysis of
data indicated that the poor performance of elderly subjects at long
predictable foreperiods is accompanied by a qualitative difference
in the form of “contingent negative variation." This outcome was
interpreted to be less suggestive of impaired ability to maintain a
state of preparation than of difficulty in controlling a sequence
of psychological processes so as to initiate preparation at an appro-
priate time.

Lack of vigilance plays a role in the slowing of responses

which has been reported as characteristic of older subjects.
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Surwillo and Quilter (1964) conducted a study to investigate the re-
lationship of vigilance to age, and to determine whether 1lowered
vigilance is associated with the age related slowing in reaction
time. The subjects were 106 men, ranging in age from 22 to 82 years.
Fifty-three of the subjects were under 60 years of age and an equal
number of subjects were 60 years or older. The mean age of the
young group was 43.7 years and the mean age of the older group was
71.0 years. Mackworth's Clock-Test was used. The clock had a
single black pointer, 6 inches in length. This pointer moved in
discrete steps. The full circle contained 100 steps, each of which
occurred once every second. At long and irregular intervals, the
pointer traveled through twice the usual distance in a constant
amount of time. These movements were referred to as "double jumps"
and in the course of 1 hour 23 such "double jumps" were presented

to each subject. The subject's task was to press a response-key

as quickly as possible when he recognized a "double jump." The mean
percentage of "double jumps" detected by the young group was 72.9
percent while the corresponding value for the old group was 64.4 per-
cent. The difference of 8.5 percent was statistically significant,
indicating that, under the conditions of this experiment, older
people were less vigilant than young people.

In another study, Surwillo and Quilter (1965) investigated the
influence of age on the latency time of involuntary and voluntary
responses to the same stimulus. Involuntary response latency was
measured by the latency of the galvanic skin reflex while the latency

of voluntary response was measured by reaction time performance. The



23

subjects were 132 healthy males, aged 22 to 85 years. The subjects
were distributed into 3 groups: a young group ranging in age from

22 to 47 years; a middle aged group ranging in age from 48 to 67
years, and older group from 68 to 85 years of age. The performance
for measuring response latency was the same as that used in an
earlier study by Surwillo (1964). Results of this study supported
the hypothesis that the latency of the galvanic skin reflex increases
with advancing age. But the latency of the voluntary responses, as
measured by reaction time performance to the same stimuli, showed no

increase with advancing age.

Perceptual Difficulty

Several investigators have studied the relationship of reaction
time with perceptual difficulty (i.e. information processing, mental
rotation of figures, and choice reaction time) across various age
groups. These investigators found that speed of response is also a
function of perceptual difficulty (Birren & Botwinick, 1955; Simon,
1968; Elliott, 1970; Surwillo, 1973; Birren, 1974; Gaylord & Marsh,
1975). Birren and Botwinick (1955) conducted a study to determine
to what extent perceptual difficulty might be a variable in response
time across various age groups. The subjects were 30 young indivi-
duals aged 19 to 36 years and 43 elderly subjects aged from 61 to
91 years. The young subjects and elderly subjects were required to
judge which of two simultaneously presented lines was the shorter.
The lines were presented tachistoscopically. Each subject made a
minimum of 48 judgments in a series of line pairs which differed in

length from 1 to 50 percent. The subject was required to respond
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as quickly as possible when the stimulus lines were presented by
saying "right" or "left" to indicate the position of the shorter
line. The vocal response of the subject operated a voice key which
interrupted a chronoscope circuit. A significant difference in re-
sponse time between the two age groups was found at all levels of
stimulus difficulty. The response time of the elderly group became
relatively slower than that of the younger group as the stimulus
difficulty was increased. Thus, the difference in response between
the young group and elderly group was 0.47 second for a one percent
difference in line length compared to only 0.18 second at a 50 per-
cent line length difference. The authors concluded that perceptual
difficulty can contribute to the slower response time of elderly
subjects, but that there is a residual age difference in response
time which exists regardless of ease of the perceptual task involved.
01d age is accompanied by an increase in information process-
ing time. Surwillo (1973) tested 54 male subjects, aged 34 to 92
years on simple reaction time and choice reaction time tasks. The
stimuli, suprathreshold 250 and 1,000 cycles per second tones of
equal loudness, were presented an equal number of times at random
and without waming during separate experimental sessions. In the
first session, subjects performed the simple reaction time task,
giving a manual response whenever either tone was presented. The
choice reaction time task which followed required the subjects to
respond only when the 1,000 cycle per second tone was presented.
Sixteen simple reaction time and 11 choice reaction time trials were

recorded. The results of the choice reaction time task supported
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the hypothesis that the time required to process information in-
creases with age. In a related study, Birren (1974) also reported
that with advancing age individuals show a tendency toward a slow-
ness in response that reflects a basic change in the speed with
which the central nervous system processes information. He sug-
gested that it is not the motor response or muscular strength it-
self which leads to accident-prone behavior in the aged, but rather
an increase in decision time and the inability of the older person
to rapidly discriminate relevant from irrelevant information.

Older subjects respond more slowly than younger subjects on a
task which requires them to mentally rotate figures. Gaylord and
Marsh (1975) compared 10 right-handed young males aged from 18 to
24 years with 10 right-handed elderly males aged from 65 to 72 years
to determine to what extent increases in decision time with age can
be apportioned to the encoding and motor functions output and to the
cognitive processing aspects. Subjects were asked to judge whether
pairs of perspectively drawn figures were the same or mirror images
of each other. The response times of old subjects and young sub-
Jects to "same" pairs were compared; older subjects were shown to
have a significantly greater variance. Analysis of the results for
two groups indicated that the greater the degree of angular orienta-
tional difference, the longer the response time. Linear regression
indicated that both the Y-intercept and the slope of the line repre-
sented the speed with which the subject could "mentally rotate" the
two figures to test for congruence.

Simple reaction time, disjunctive reaction time (choice
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reaction time with red and green lights), and simple reaction time
with alerting signals all deteriorate with advancing age. Talland
and Cairmie (1961) tested speed of finger response in three groups
of subjects, 20 to 40, 65 to 75, and 77 to 89 years of age, respec-
tively. The measures included reaction time, disjunctive reaction
time, and simple reaction time with alerting signals. Analysis of
data indicated that older subjects responded significantly slower
under all conditions than the younger group and that the oldest
group was significantly slower than the middle age group in disjunc-
tive reaction time. Alerting signals resulted in faster reaction
time in the youngest group but caused delay in the older subjects.
The authors suggested that this paradoxical effect may be due to

one or more age connected changes in central processing.

Stimulus Intensity

Studies dealing with the intensity of stimulus indicate that
speed of reaction tihe improves as the stimulus intensity increases.
In addition, older subjects are slower in responding to stimuli
than their younger counterparts (Botwinick, 1971; Botwinick & Storandt,
1973; Beagley & Sheldrake, 1978). Botwinick (1971) measured reaction
time of 48 subjects, in two age groups. Young adult subjects ranged
in age from 17 to 22 years and elderly subjects were from 64 to 79
years of age. The purpose was to discover whether or not the elderly
subjects had faster reaction times than young adults when both the
strength of input and the conditions of set or expectancy are favor-
able to them. There were three stimulus intensity conditions. 1In

each of these conditions, two regular preparatory interval durations
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were used: .5 second and 6.0 seconds. Thus reaction time was meas-
ured for each of six stimulus intensity-preparatory interval condi-
tions. One of the three stimulus intensities was suprathreshold, the
same for all subjects with 81 decibels; the other two were threshold
intensities, different in decibels for each subject, but the same
or similar in terms of reported loudness. In measuring reaction
time, each subject was first presented with the 75 percent threshold
intensity--.5 second preparatory interval condition, next 75 percent--
6.0 second interval, then the 100 percent--6.0 second interval, the
100 percent--.5 second interval, the suprathreshold--6.0 second inter-
val, and finally, the 81 decibel--.5 second preparatory interval.
There were 25 reaction time trials in each intensity-preparatory in-
terval condition. Non-parametric U-test and students' t-tests were
carried out for each intensity-preparatory condition to determine
whether elderly subjects were slower than the younger adults. The
total sample of elderly subjects was slower than that of younger
subjects in each of the six conditions with both types of tests.
Results indicated that in all cases except those involving the two
lowest-intensity stimuli, the differences in reaction time between
the weaker and stronger stimulus were greater for the older subjects
than for the younger subjects. Even though the differences between
the two weakest-intensity stimuli were greater for the elderly group
than for the young group, these differences were not statistically
significant.

For the purpose of studying age differences in reaction time

as a function of stimulus intensity, Botwinick and Storondt (1973)
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selected 61 female volunteers; 33 subjects ranging in age from 18 to
22 years, and 28 subjects ranging in age from 60 to 84 years. Thirty-
two trials were given to each subject with each of six different
stimulus intensities: a 750 Hertz tone of 55, 60, 65, 70, 75 and

85 decibels. Reaction time trials were presented with regular pre-
paratory intervals of 0.5 seconds or 6.0 seconds. The first five
of the 32 trials for each series were considered practice or warm-
up. The last 27 trials were treated as data trials. Results indi-
cated that elderly subjects were slower than young adult subjects,
and that up to the point of fairly weak stimulation (55 decibels)
they were as slow in relation to auditory stimuli which were loud
and easy to perceive as they were to stimuli that were more diffi-
cult to perceive. When the intensity of stimulation was systemati-
cally decreased, the reaction times of older subjects with a 0.5
second preparatory interval were much slower than when the inten-
sity of stimulation was systematically increased. Beagley and
Sheldrake (1978) tested 70 normally hearing subjects in response

to clicks at 60, 70, and 80 decibels. They also reported a con-

sistent lengthening of latency with reduction of stimulus intensity.

Stimulus Alternation Versus Stimulus Repetition

A number of studies were conducted to find the effects of
frequency of presentation and repetition of stimuli on the reaction
time performance of subjects in different age groups. The result
of these studies revealed that individuals from different age groups
responded to stimulus alternations more rapidly than to stimulus

repetition (Waugh, Fozard, Talland & Erwin, 1973; Fozard, Thomas &
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Waugh, 1976; Jordan & Rabbit, 1977). Waugh, Fozard, Talland, and
Erwin (1973) measured reaction time of 203 male subjects to discover
the effects of age and stimulus repetition on choice reaction time.
There were 65, 57, 62 and 19 subjects in each of four age groups,

26 to 39, 40 to 49, 50 to 59, 60 to 79 years, respectively. Sub-
jects released one key with the right hand upon presentation of a

red 1ight and another key with the left hand when a green light was
presented. Each stimulus was presented 20 times for a total of 40
trials. Stimuli on 10 of the trials were the same as on the preced-
ing trial (i.e., they were repeated stimuli); while on the other 30
trials, they were different (or alternated). Results indicated that
the average choice reaction time tended to increase with age. Appli-
cation of Tukey's conservative test for multiple comparisons among
means reveals that only the average response times of the oldest

and youngest age groups differed significantly. The tendency to re-
spond faster to non-repeated stimuli was statistically significant.

A practice effect was observed for the alternated stimuli, but not
for the repeated stimuli. Results indicated that in none of the
four age groups was there a statistically significant decrease in
choice reaction time over trials with repeated stimuli. In contrast,
there was an overall decrease in choice reaction time to alternated
stimuli for all age groups. The decrease was statistically signifi-
cant, however, only for the three younger groups. The authors sug-
gested that the predictability of a stimulus, rather than repetition
of a particular response, is critical to the conventional "repetition"

effect.
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A similar study to that of Waugh et al. (1973) was conducted
by Fozard, Thomas, and Waugh in 1976. They measured the binary
choice reaction times of 123 males aged from 25 to 79 years in a
sequence of discrete trials in which the proportion of occasions
that the same stimulus light was presented twice in succession
varied from .25, .50 and .75 seconds to .75, .50 and .25 seconds
over successive thirds of a sequence of 120 trials. The two stim-
ulus lights were presented with equal frequency. The reason for
varying the proportion of times that the same 1ight was presented
twice in succession was to determine if there were age related
differences in the degree to which response speed could be altered
by: (a) pre-conceived expectations for repeated or alternated
events; or (b) expectations developed during the course of the ex-
periment with the changing proportion of stimulus alternations.
Results indicated that the average response times increased with
age. Most subjects, regardless of age responded more rapidly to
alternated stimuli than repeated stimuli, especially in the pro-
portion of the sequence that contained .75 second stimulus alterna-
tions. The difference in response speed to repeated and alternated
stimuli was largest in the oldest age group. Expectation of change
in an uncertain stimulus sequence was as great or greater in older
adults as in younger adults. The difference in average response
times to alternated stimuli and repeated stimuli varied according
to how frequently the two kinds of events occurred at different
points in the sequence; there were no age related differences in

sensitivity to those changes.
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Contradictory results to those obtained by Fozard et al. (1976)
were reported by Jordan and Rabbit (1977). These investigators made
an attempt to discover if, and how, practice, compatibility and repe-
tition effects interact with age. Twelve elderly subjects and 12
young subjects were tested. Signals were either a cross or a bar
(+ or -) on a red, green or amber background. This was a two-choice
task and subjects were instructed to press one key whenever a cross
signal appeared and the other key whenever a bar signal appeared.

The subjects were told that the colored backgrounds were completely
irrelevant to the task and should be ignored. Results were analyzed
into repetitions and alternations of sequences and errors made. Data
were classified according to repetition of shape (cross or bar) with
the same color background, alternation of shape with the same color
background, or alternation of color background. Results indicated
that young subjects were significantly faster than their counter-
parts in each of the response classes considered. For both young
and old subjects, repeated responses were significantly faster than
alternated responses. Within the two classes of repetitions, when
both the relevant signal (cross or bar) and irrelevant background
color were repeated, the responses were faster than when the irrele-
vant component was not repeated. This alternation of the irrelevant
component significantly increased the processing time for the young
subjects. The increase in response time for the old subjects, how-
ever, was not significant. It was also found that later in practice,
old subjects were making fewer errors than the young subjects, re-

versing earlier observations.
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Physiological Conditioning

Studies investigating the relationship of physiological para-
meters to reaction time have produced varied results. In these
studies, attempts were made to examine the relationship of cardiac
cycle, cardiovascular status, heart rate, coronary heart dfsease
and cardiovascular symptoms to reaction time in various age groups.

Reaction time is not related to cardiac cycle either in elderly
subjects or in the comparison of these subjects with young adults
(Botwinick & Thompson, 1968; Botwinick & Thompson, 1971; Engel,
Thorne, & Quilter, 1972). Botwinick and Thompson tested 13 elderly
subjects from 68 to 86 years of age and 31 male subjects from 18 to
22 years of age. Reaction time and an electrocardiogram were simul-
taneously recorded for each subject individually. A warning signal
of 0.5 second duration was presented, followed by a preparatory in-
terval of approximately 1.15 seconds and then the auditory stimulus.
The R-wave triggered the stimulus either immediately (zero latency),
after .2 second, after .4 second, or after .6 second, according to
a pre-arranged schedule. For each of the four latency conditions,
which were arranged in random sequence, the results indicated that
the time from the R-wave in cardiac cycle latency was not a signifi-
cant factor in determining whether reaction time was fast or slow.
Botwinick and Thompson not only failed to demonstrate a relationship
between reaction time and time of stimulation within the cardiac
cycle, but they also failed to demonstrate that age groups differed
with respect to possible relationships between these two variables.

Engel, Thorne, and Quilter (1972) failed to find evidence of any
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significant tendency of individuals, or groups, to exhibit reaction
times which were in any way determined by the electrical events of
the cardiac cycle. They reported that reaction time was longer during
expiration than during inspiration; however, this effect was most
1ikely attributable to coincidental differences in foreperiod than

to the breathing cycle itself.

The relationship between cardiovascular status, age and reac-
tion time performance has been studied by several investigators
(Birren & Spieth, 1962; Obrist, Howard, Sutterer, Hennis, & Murrell,
1973; Abraham & Birren, 1973; Botwinick & Storandt, 1974). Birren
and Spieth (1962) studied the correlation between age, response
speed, and cardiovascular functions. Subjects were 161 healthy men
between the ages of 23 and 60 years. The number of individuals in
each decade was 29, 39, 65, 23 and 5, respectively. A total of 33
variables were interrelated. These included 15 different psychomotor
speed measurements obtained with fhe psychomet. The psychomet is an
instrument developed at the National Institute of Mental Health that
consists of a subject's panel containing ten lights and'ten keys ,
and an experimenter's panel on which the associat{ons between 1lights
and keys are programmed and the speed and accuracy of the responses
are registered. The physiological measurements were: diastolic and
systolic blood pressure; pulse rate before, immediately after, and
two minutes after a standardized exercise step test; and, fasting
blood sugar and serum cholesterol levels. Of 32 possible correla-
tions with chronological age, 26 correlations were significant at

the one percent level. The correlations were higher between the



psychological measurements and age (.59 for psychomet) than between
age and the physiological measurements (.28 for diastolic blood
pressure and .25 for serum cholesterol level). Birren and Spieth‘
suggested the slowness of psychomotor performance with advancing
age is not a direct result of the trend toward elevated blood pres-
sure in healthy men.

The relationship between heart rate and somatic-activity during
a reaction time task was measured in several age groups. The rela-
tionship between heart rate and measures of task irrelevant somatic
activity (vertical eye movements and eye blinks, chin electromyograph,
and general activity) during a simple reaction time task was evalu-
ated by Obrist, Howard, Sutterer, Henns, and Murrell (1973) in four
groups of children and young adults. The number of subjects in each
group was: 4 year olds, N = 38; 5 year olds, N = 34; 8 year olds,
N = 38; 10 year olds, N = 39; adults, N = 33. The preparatory in-
terval ranged from 1 second to 4 seconds. Sixty simple auditory
reaction time trials were given. The first five trials were prac-
tice. The results of the study indicated that deceleration of heart
rate and a decrease in the several parameters of ongoing task-
irrelevant somatic activities were found to coincide with the re-
sponses of the adults and of the children in all four age groups.
Developmental or age-related differences among these measurements
were seen on three somatic measures; namely, eye movements, fre-
quency of eye blink, and chin electromyograph. For these three
measures, the magnitude of the phasic decrease was associated with

increasing age. Such an age related phase effect was not evidenced
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with heart rate and general activity. Large age-related Qifferences
also were found with tonic levels of heart rate, general activity,
chin electromyograph, and eye movements. These tonic levels of
activity decreased with age.

Persons behaviorally predisposed to coronary heart disease have
slower reaction time than persons who are not predisposed to coronary
heart disease. Abrahams and Birren (1973) measured reaction time of
48 males aged from 25 to 59 years. Based on a Standard Situation
Interview, 24 coronary-prone Type A subjects and 24 non-coronary
prone Type B subjects were identified. The data of analysis for
each subject were the means of 50 simple reaction time and 50 choice
reaction time trials. The results of this investigation showed that
in the absence of clinical signs of pathology, persons behaviorally
predisposed to coronary heart disease had significantly longer re-
sponse latencies in both simple and choice reaction time and were
disproportionally slower in choice reaction time than those persons
who are not predisposed to coronary disease. Abrahams and Birren
concluded that in the absence of clinical signs of coronary heart
disease Type A subjects manifested psychomotor characteristics sim-
ilar to persons already suffering fram the disease. They reported
that perhaps psychomotor slowing existed prior to the acute onset
of coronary heart disease and may be the consequence of psycho-
physiological antecédents to the disease.

Some cardiovascular symptoms are associated with quick re-
sponse. Botwinick and Storandt (1974) studied the effect of the

cardiovascular status of subjects on reaction time. They used the
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Cornell cardiovascular self report scores which ranged from zero
symptoms to 7 symptoms. These scores were categorized into two
groups: a high group which included individuals with 3 or more
symptoms and a low group containing those persons with 2 or fewer
symptoms. The results of the analysis of variance indicated that

the effect of cardiovascular symptoms, as reported on the Cornell
cardiovascular check 1ist, upon the dependent variable of reaction
time was significant. Individuals with fewer cardiovascular symp-
toms had quicker reaction time scores than persons with more symptoms.

The Relationship of Physical Activity to Reaction
Time and Movement Time

Aging individuals commonly are observed to substantially de-
crease the amount of daily physical activity in which they engage.
Consequently, it is often speculated that their physical fitness
levels are lower than those of younger persons. Successful parti-
cipation in athletic activities also has been found to be q]osely
related to reaction time. While differences in reaction time be-
tween athletes and non-athletes have been found, the exact reasons
for these differences remain unknown. It is possible that reaction
time, rather than being limited to a function of age, might also be

a function of an individual's level of fitness.

Physical Training

The effects of physical training on the reaction time of indi-
viduals with low fitness levels have received 1ittle attention. To
the best of the author's knowledge, there is only one study which

has dealt with the effects of physical training on reaction time.
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Tweit, Gollnick, and Hearm (1963) tested 20 1ow fitness subjects to
find whether the total body reaction time of individuals can be im-
proved by participation in a strenuous physical training program.
The subjects ranged in age fram 17 to 21 years with an average age
of 18.8 years. Total body reaction time was measured by having

the subject stand on two contact plates with feet parallel. When
one of the two lights appeared, the subject stepped diagonally for-
ward with the foot indicated by the visual stimulus. Before and
immediately after the training program, 20 total reaction time meas-
ures were recorded for each subject. Between the initial and final
testing, the subjects participated in a vigorous physical training
program for six consecutive weeks. Each subject was required to
attend four of five 30-minute training sessions which were conducted
Monday through Friday of each week. Approximately 50 percent of the
training program was dewoted to a battery of vigorous exercise de-
signed to develop the large muscle groups of the body. The remaining
50 percent of the program consisted of participation in speed ball,
relays, sprints, and weight training. The basic objective of the
program was to improve the subject's physical fitness. Analysis of
the data indicated that at the conclusion of the six-week training
period, the subjects had faster total body reaction times than prior

to the onset of the training program.

Active Versus Non-Active

There is general agreement among investigators that a life
style of physical activity postpones the decrements in neuromuscular

functioning that are attributed to aging (Botwinick & Thompson, 1968;
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Gore, 1972; Spirduso, 1975; Spirduso & Clifford, 1978; Clarkson,
1978). Botwinick and Thompson (1968) designed a study to investi-
gate the influence of age and activity on reaction time. They used
13 elderly non-active men from 68 to 86 years of age and 37 young
men ranging in age from 18 to 27 years. The young men were divided
into athletic and non-athletic groups. Each subject completed 120
reaction time trials. The preparatory interval was set at approxi-
mately 1.0 second. Analysis of data revealed that the reaction time
of the young athletic group was faster than that of the young non-
active group and was also faster than that of the elderly non-
active group. Botwinick and Thompson suggested that lack of exer-
cise may be a factor in the slowing of reaction time with age. Un-
fortunately, they failed to include an elderly active group in their
research design.

The influence of physical activity on reaction time and move-
ment time was examined by Spirduso (1975). She conducted a study
to determine whether older men who are physically active have sig-
nificantly faster simple reaction time, choice reaction time and
movement time performance than older non-active men. Comparisons
were also made with active and non-active young men. The subjects
were 60 male volunteers categorized into four groups according to
age and sports activity. The young groups included men who ranged
in age from 20 to 30 years, while the older groups ranged from 57
to 70 years of age. Fifteen trials of simple reaction time and 15
trials of choice reaction time were administered, but only the last

10 trials of each measure were used in the analyses. Movement time
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was recorded for all trials. Results indicated that in all variables
except choice reaction time, the ascending'order for the speed of
reaction time and movement time of the groups was: young active,
older active, young non-active, followed by the older non-active
group. In choice reaction time performance means of both the
younger groups were faster than those of the older groups. The
young active group was faster than the young non-active group and
the older non-active group was significantly slower than the other
three groups. Spirduso suggested that vigorous sports participation
was a significant factor in retarding the onset of aging. The
Spirduso (1975) study was replicated by Spirduso and Clifford in
1978 and again it was shown that older men who maintain an active
life style react and move significantly faster and more consistently
than their sedentary peers.

The gradual decline in reaction time performance as a function
of increasing age may be delayed in trained subjects. To determine
if leading a physically active 1ife has any influence on cognitive
performance as one grows older, Sherwood and Selder (1979) adminis-
tered visual simple reaction time and visual choice reaction time
tests to 64 male and female volunteers ranging from 23 to 59 years
of age. One half of the subjects were runners involved in vigorous
training programs averaging 42 miles per week. The other half of
the subjects were sedentary adults. Eighty simple reaction time
and 100 choice reaction time trials were given with a variable
foreperiod ranging from 400 to 100 milliseconds. The results showed

that there was a gradual decline in reaction time performance in
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sedentary adults as age increased. However, this trend was not evi-
dent in the trained group. Reaction time remained constant with age

within the trained group.

Body Composition

In spite of the fact that reaction time and muscularity are
considered as two important factors for successful performance in the
game of football, not many investigators have studied the relationship
of reaction time to body composition. The relationship between body
composition measures, reaction time and run times, at 5, 15 and 40
yards for 48 college football players was investigated by Crews and
Meadors (1978). Each player's optimal playing weight was predicted
and the effect of being above or below one's predicted optimal play-
ing weight on reaction time and run times was evaluated. Both reac-
tion time and run time were obtained during a 40-yard run. A mul-
tiple timing system was designed to obtain the times at the desig-
nated distances. Body composition was assessed for all subjects and
Predicted Optimal Playing weight was determined using body composi-
tion data of professional football players as guidelines. Negative
correlations between percent fat and run times were found to increase
as the distance increased. The players who weighed more than their
predicted optimal weight were found to have slower reaction times
(but not significant) and significantly slower run times than those

players who weighed less than their predicted optimal weight.

Physical Stress

The relationship of reaction time in the peripheral visual

field with level of physical conditioning also has been investigated
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(Reynolds, 1976; Rotella & Bunker, 1978). Reynolds (1976) conducted
a study to determine: (1) if reaction time in the peripheral visual
field and size of the functional visual field were altered by aug-
mented levels of physical stress while performing on a bicycle ergo-
meter; and (2) to determine the relationship between conditioning
and reaction time in the peripheral visual field during periods of
physical stress. Twenty-three female volunteers between the ages

of 20 and 28 years served as subjects. Eleven subjects were initi-
ally evaluated as conditioned and 12 subjects were evaluated as
unconditioned on the basis of performance on a bicycle ergometer.
Each subject was required to pedal a Colins Pedal Model ergometer,
which monitored heart rate and pedal speed and automatically adjusted
the workload so that a pre-set heart rate was achieved and maintained
throughout the testing. The pre-set heart rate was 160 beats per
minute. The work load differed for each subject since the desired
effect was to stress the subjects uniformly. While pedaling the
bicycle, the subjects were required to fix their attention on a
central light. The subject's task was to keep this central light
1it by pressing a microswitch on the right handlebar grip. The
1ight was extinguished by a computer program set to extinguish the
light at predetemmined, unevenly spaced intervals. While the sub-
Ject was pedaling and concentrating on the central task, eight
lights mounted perimetrically in the periphery were illuminated

one at a time in a random order established by the computer program.
The subject's task was to extinguish the peripheral 1lights dispersed

on a horizontal plane as she became aware of them by pressing the
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Microswitch mounted on her left handlebar grip. The heart rate of
the subject was monitored throughout the testing. Heart rate was
recorded at 30 seconds, 1 minute, and 5 minutes after the cessation
of the 12 minute exercise period. The recovery heart rate of the
subject determined her classification into the conditioned or un-
conditioned group.

After the subject had spent sufficient time learning the task,
base line data were collected. These data were the subject's re-
corded reaction times for the 12-minute peripheral light program
while sitting on, but not pedaling, the bicycle ergometer. The last
session was conducted with the subject pedaling the ergometer. Non-
correlated t-tests were used to analyze base line data to determine
if the groups were significantly different before the exercise por-
tion of the study was begun. No significant difference was dis-
covered between the groups, thus it was concluded that subsequent
significant differences would be attributed to the experimental
effect. The data were divided into two parts: (1) lights responded
to; and (2) lights missed. The lights responded to by the subject
provided the experimenter with reaction time values. During the
riding periods, there was a significant difference in reaction time
between the conditioned group and unconditioned group. The mean
reaction time for the conditioned group on all lights was .635 sec-
onds while that for the unconditioned group was .703 seconds. An
analysis of the missed 1ights showed that there existed a signifi-
cant difference between misses on the right side compared to misses

on the left side for both groups. More light presentations were
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missed on the right side than on the left side. During the riding
period, the unconditioned group missed significantly more light pre-
sentations than the conditioned group. On the basis of the statis-
tical findings, the following conclusions were made. Reaction time
in the peripheral field did not increase as a result of augmented
stress. Neither did reaction time increase uniformly with augmented
levels of stress. There was no narrowing of the functional visual
field as a result of the exercise stress.

Elderly active persons are more field independent and have
faster reaction time than their non-active counterparts. Because
of the relationship between the ability to attend selectively to a
stimulus and the obvious utilization of selective attention in ten-
nis, Rotella and Bunker (1978) selected 20 male tennis players with
median age of 72.5 years who participated in the national super-
senior tournament and compared the scores of these 20 male tennis
players to a non-random control group of 50 volunteer subjects with
a median age of 71.8 years. Each subject was tested for field inde-
pendence utilizing the portable rod-and-frame apparatus, which de-
termines each subject's ability to use visual and proprioceptive cues
in establishing the upright in two-dimensional space. Each subject
was presented a series of 8 rod-and-frame positions, rotated from
right to left for a 28 degree deviation. The subject's score was the
mean of deviations from O degrees on the eight settings of the rod.
Times to respond to a stimulus were determined for each subject on
three separate measures utilizing an Athletic Performance Analyzer:

simple reaction time, whole body reaction time, and total body
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response time. Simple reaction time was measured as the time elapsed
between the illumination of a single 1ight and the depression of a
response button held in the subject's preferred hand. Whole body
reaction time was the time between stimulus presentation and the
subject's lifting of his body off a mat. Total body response time
was the time consumed from the stimulus signal until the subject

had jumped from one mat to a second mat located 3 feet directly in
front of the subject. Results indicated that the super-senior tennis
players were significantly more field-independent than the control
group. These findings suggested that the tennis players are more
able to attend the significant elements in a visual field. The ten-
nis players also exhibited faster simple reaction times and total

body response time than their control counterparts.

Fractionated Reaction Time

In the typical reaction time experiment, it is impossible to
dissociate the time required to process the stimulus from the time
required to execute the response, thus, the reason for the observed
age decrement cannot be determined. The recent development of a
technique to fractionate total reaction time into nervous system and
muscle contraction latencies shows promise as a means for furtﬁer
studying the question of central nervous system versus peripheral
involvement in reaction time performance. Moreover, by using the
fractionated reaction time technique, the contribution of the pre-
motor time and motor time components to the deterioration of reaction
time in relation to the aging process can be quantified. Research

based upon an electromyographic technique which fractionates total
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reaction time into a premotor, or central, component and a motor, or
peripheral, component has led to two different conclusions. Some of
the investigations have reported that the cause of age related length-
ening of reaction time is due to change in the quality of central ner-
vous system processing rather than in speed of muscular contraction
(Birren & Botwinick, 1955; Weiss, 1965; Kross & Clarkson, 1977;
Clarkson, 1978), but others reported the involvement of both central
nervous system processing and muscular contraction functions in this

phenomenon (Botwinick & Thompson, 1966; Botwinick & Thompson, 1966).

Central Versus Peripheral Processing

The changes in reaction time associated with increasing age
are not due to the length of peripheral pathways, but rather are a
function of information processing within the central nervous system
(Birren & Botwinick, 1955). Birren and Botwinick (1955) compared
the performance of thirty-two subjects between the ages of 18 and 36
years, and thirty-two subjects between the ages of 60 and 91 years
in simple auditory reaction time for the finger, jaw, and foot. The
purpose of the study was to determine if the elderly subjects showed
a disproportionate slowing of foot responses compared with those of
the finger and jaw. The hypothesis was that the slowing of reaction
time with advancing age was correlated with the pathway length of
the peripheral nerves. The results showed that the age change in
reaction time was not associated with the length of the peripheral
pathways. Birren and Botwinick found, however, that the reaction
times of the elderly subjects were significantly slower than those

of the younger subjects.
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Weiss (1965), in a simple auditory reaction time experiment,
used irregularly ordered preparatory intervals of 1, 2, 3 and 4
seconds to test the hypothesis that the major changes in reaction
time associated with the preparatory interval, motivation, and age
occur in the central nervous system rather than in the periphery.

The subjects were two groups ranging in age from 18 to 30 and from

65 to 80 years, respectively. He theorized that changes in reaction
time, due to motivational set or length of preparatory interval,
occurred predominantly in the premotor component and were, therefore,
seen primarily as central rather than peripheral phenomena. Compu-
tation of comparative conduction times in the peripheral nervous
system suggested that the differences obtained were largely accounted
for by central nervous system functions.

Other evidence suggests that elderly subjects are slower than
young subjects in both the premotor and motor time components. In
1966, Botwinick and Thompson conducted an experiment to investigate
components of reaction time in relation to age and sex. They seg-
mented reaction time into two component parts, premotor time and
motor time. Reaction time and its components were analyzed in re-
lation to four preparatory intervals within an irregular series and
a regular series. These functions were then compared among subgroups
comparing elderly males, elderly females, young adult males and young
adult females. Electromyograms were recorded from the extensor muscle
of the responding forearm during measurement of reaction time. The
time between stimulus presentation and occurrence of increasing fir-

ing was the premotor time. Motor time was reaction time minus premotor
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time. Analysis of the data indicated that the two elderly age groups
were statistically slower than their younger controls, that is, motor
time, premotor time, and reaction time were slowed with advanced age
when subjects responded to stimuli in either the regular or irregular
preparatory interval series. Interactions between age and sex were
not significant, indicating that whatever the antecedent mechanisms
of the slowing process with advanced age may be, they are the same
for men and women.

The fact that reaction time is highly correlated to premotor
time and poorly correlated with motor time supports the notion that
the aging effect is more a central than a peripheral phenomenon.
Botwinick and Thompson (1966) fractionated reaction time into a pre-
motor time component and a motor time component based upon the dif-
ference between electromyograms and finger 1ift responses. The sub-
jects were 34 men and 20 women. The mean age of the subjects was
21.3 years and they ranged in age from 18 years to 35 years. Electro-
myograms were recorded from the extensor muscle of the responding
forearm during measurement of simple auditory reaction times. Four
preparatory intervals of 0.5, 3.0, 6.0 and 15.0 seconds were used in
both a regular series and an irregular series. In the regular series,
21 stimulus presentations were administered for each of the four pre-
paratory intervals. The order within the irregular series was pre-
arranged so that each preparatory interval duration preceded the
other three preparatory intervals the same number of times. Eighty-
five reaction time trials were necessary with the irregular prepara-

tory intervals. Electromyograms were recorded for the middle



48

reaction times within each preparatory context. Thus, of the 21
reaction times per regular preparatory interval, electromyograms were
recorded for trials 7 to 16. Similarly, the electromyograms were
recorded for only the middle 42 reaction times within the irregular
series, i.e., trials 22 to 63. The results indicated that premotor
time and reaction time were highly correlated (from .87 to .96) and
showed comparable variation as a function of preparatory interval
and type of series. Motor time was poorly correlated (from +.21 to
.55) with reaction time and was independent of preparatory intervals
and type of series. It was concluded that reaction time is a pre-
motoric process, and probably a central one.

Premotor reaction time and motor reaction time do not change
as a function of movement extent. Lagass and Hayes (1973) studied
the effect of variations in extent of movement on fractionated reac-
tion times in 18 male subjects. The mean age of subjects was 23.2
years. Subjects attended two testing sessions on separate days. At
each session the subject sat with his fist placed on a Microswitch
and ulnar aspect of his forearm resting on a table. The angle be-
tween his arm and forearm was 155 degrees. Fractionated reaction
times were recorded under two different conditions both of which
consisted of simple reaction time. Task A consisted of 25 trials
of a simple reaction time to a visual stimulus and involved a rapid
withdrawal of the fist from its resting position on the Microswitch.
The 25 trials of Task B were initiated in the same way as Task A but
continued as rapid flexion of the forearm through a full range of

140 degrees. After 90 degrees of flexion, subject's fist hit the
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second Microswitch mounted on a freely movable hinge. Task A and B
differed nnly in the extent of movement. Results revealed that the
difference between Day 1 and Day 2 means was not significant, for the
total reaction time of Task A. For total reaction time of Task B,
the large extent movement, a significant difference between Day 1

and Day 2 was found. Motor reaction time for Task A and Task B did
not change significantly from Day 1 to Day 2. Similarly for pre-
motor reaction time of Task A, no significant difference was found
between Day 1 and Day 2. A significant difference was revealed,
however, for the premotor reaction time of Task B between Day 1 and
Day 2. The improvement in total reaction time for Task B from Day 1
to Day 2 was, therefore, due to the premotor reaction time component,
as the movement time remained constant from Day 1 to Day 2. Analy-
sis of variance testing for differences between the total reaction
time means of Task A and Task B revealed no significant differences.
Analysis of the fractionated components similarly revealed that motor
reaction time and premotor reaction time for Task B were not signi-
ficantly greater than those of Task A.

Finding the difference between ipsilateral premotor reaction
time and contralateral premotor time was the subject of one inves-
tigation. Wyrick and Duncan (1974) conducted a study to determine
whether a significant difference exists between ipsilateral premotor
time and contralateral premotor time. When the two ipsilateral pre-
motor times and contralateral premotor times were compared, the con-
tralateral (mean = 71.9 milliseconds) was significantly faster than

the ipsilateral (mean = 88.1 milliseconds). The effect of trials was
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significant and the side of body by trials interaction was also sig-

nificant.

Muscular Tension and Exercise Regimen

It is well accepted that skilled motor performance is highly
dependent upon optimum timing and coordination of muscular action.
Therefore, it is important to know whether the locus of changes in
reaction time as a function of muscular tension, activity level, and
exercise regimen are more central or peripheral. Schmidt and Stull
(1970) investigated the changes in motor time and premotor time com-
ponents of reaction time as a function of preliminary muscular ten-
sion. It was hypothesized that if increased preliminary tension
shortens premotor reaction time, the locus of change was central;
if increased tension shortens motor reaction time, the effect was
peripheral. Subjects squeezed a hand grip device to one of 3 sub-
maximal tensions of 2.2, 19.9 and 37.4 pounds, and reacted to a buz-
zer by squeezing as quickly and forcefully as possible. Total reac-
tion time appeared to decrease slightly from pretension levels of
2.2 to 19.9 pounds and then to increase slightly from 19.9 to 37.4
pounds, with no regular pattern of change. These differences in
total reaction time were not significant. Premotor reaction time
appeared to shorten between pretension levels of 2.2 to 19.9 pounds,
and remained nearly constant between 19.9 pounds and 37.4 pounds,
representing a mean decrease of 9 percent, which was significant.
Contrary to the decrease in premotor reaction time, motor reaction
time appeared to increase regularly with increasing pretension, with

a mean change of 17 percent. This difference was also significant.



51

Apparently, the effect of pretension was to increase the motor re-
action time and to decrease the premotor reaction time. Therefore,
the results nearly cancelled each other so that no change in total
reaction time could be noted. The main conclusion was that both
the central and peripheral components of reaction time changed with
increasing pretenéion, but that they changed in opposite directions.
Lags in central nervous system processing are independent of
lags associated with the rate of muscular tension development. Santa
Maria (1970) obtained premotor time and motor time scores from 2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>