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ABSTRACT 

The primary purpose of the present research was to determine 

the effect of varying levels of forearm muscular tension on simple 

human reaction time, and to study this effect through ten daily practice 

sessions as the subjects progressed from a level of no previous train

ing to relatively skilled performance. This plan was carried out in 

two separate experiments. 

The first experiment varied the amount of physical work that 

Ss exerted in making a response movement, while the second experi

ment varied the amount of prestimulus induced muscular tension. The 

effect of physical work load was tested by using seven pairs of hand 

held bars, weighing from 40 to 280 grams, and requiring that the bars 

be lifted from a contact surface in response to an auditory click. The 

effect of prestimulus muscular tension, over a range of seven levels 

varying from 5 to 95 percent of each S's maximum capacity, was tested 

by requiring the Ss to squeeze a hand held bar dynamometer, and to 

lift it and a similarly weighted, 160 gram bar held in the opposite hand 

from a contact plate in response to an auditory click. In both experi

ments a two-handed lifting response was required, but reaction times 

were measured from the onset of the stimulus click to the point of 

contact break of the right hand held bar. 
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The effects of physical work load and prestimulus induced 

muscular tension on reaction time performance, as well as the effects 

of sex and practice, were statistically determined by the use of two 

mixed design variance analyses which included analyses of trend. The 

following results were obtained: 1) The amount of work required to 

make a response movement was directly related to reaction time; 2) 

Regardless of the amount of physical work load, reaction time decreased 

as a function of practice to a relatively asymptotic level; 3) The relation 

between amount of physical work required for response and reaction time 

was essentially linear with a slight positive slope throughout days of 

practice; 4) No sex difference in performance was found, neither as a 

function of the amount of physical work output nor as a function of days 

of practice; 5) The amount of prestimulus induced muscular tension 

significantly affected reaction time performance; initially, the amount 

of muscular tension was directly related to reaction time, but as the Ss 

reached a level of skilled performance, there was little if any effect of 

tension on reaction time; 6) The overall effect of muscular tension 

levels on reaction time showed both linear and curvilinear components; 

7) Regardless of the amount of induced muscular tension, reaction time 

decreased to a relatively asymptotic level as a function of practice; 8) 

The relation between levels of muscular tension and reaction time 

changed as a function of days of practice; initially, the relation was lin

ear with a strong positive slope, while at the end of the experiment, the 
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relation was still linear, but the slope was approximately zero; 9) A 

performance difference was found between the males and females tested 

as a function of the amount of induced muscular tension; an increase in 

the prestimulus tension level was more detrimental to overall female 

performance than to overall male performance even though the relation 

was linear in both cases. 

The results were discussed with reference to the results of 

previous investigations of muscular tension and performance, in relation 

to activation theory, and in terms of the distractive influence of simul

taneous responses. 



INTRODUCTION 

In 1820 Bess el established beyond doubt the fact of the 
"personal equation, " the existence of which had been indicated 
twenty-five years earlier by the historic disagreement between 
Maskelyne and his assistant over the timing of a star. Later, 
the chronograph was introduced and took the place of the eye 
and ear method used by Maskelyne and Bessel. The use of the 
chronograph reduced the "personal equation" factor but did not 
eliminate it. The "personal equation" involves, inter alia, the 
time elapsing between an expected stimulation and a muscular 
reaction to that stimulation. Since that time the reaction move
ment and its consciousness have been carefully arranged and 
varied; in particular the quality and intensity of the stimulus 
have been carefully controlled and the effect on reaction time of 
changes in these factors noted, and the influence of the general 
physiological conditions of the reactor has been studied. 

G. R. Wells, 1913 

The primary concern of the present paper is to examine further 

one of the "general physiological conditions of the reactor, " namely, 

muscular tension and its influence on reaction time. Initially, the effect 

of muscular tension on performance, both mental and motor, will be 

discussed from a historical point of view; secondly, a contemporary 

theory of the influence of muscular tension on performance will be pre

sented; and finally, recent investigations will be reviewed as a departure 

for the present research. 

Muscular Tension and Mental Performance 

One of the earliest investigations of muscular tension (MT) and 

mental efficiency is that of Bills (1929), in which a subject (S)was 

1 
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required to exert varying levels of MT while learning nonsense syllables, 

adding columns of digits, and identifying groups of letters. It was 

concluded that MT did increase the efficiency of riiental work, but that 

there was an optimal constant level of MT for each individual. Where 

speed of performance was the criterion, it was noted that the facilitory 

effect of MT was enhanced with practice as well as with growing fatigue 

of the Ss. The author remarks that "if tension merely acted as a 

distractor, there is reason to suppose that its influence, like that of 

other continuous distractors, would gradually disappear by reason of 

adaptation. " (Bills, 1929, p. 250). In a later article, Bills and Brown 

(1929) related the degree of MT to what they termed the "quantitative 

set, " or the readiness to act. They concluded that the preparatory set 

of the S toward a task was reflected in the S's MT level. 

Using pulled weights to create induced muscular tension (IMT), 

Stauffacher (1937) found a facilitative effect on the learning of nonsense 

syllables and common four-letter words. The optimal facilitation was 

gained when the Ss pulled weights that were one-half of maximum pull 

capacity. With weights of one-fourth and three-fourths maximum 

capacity, little or no facilitative effect was evidenced. It was noted 

that practiced Ss showed less facilitation of learning than non-practiced 

Ss. Courts (1939) substantiated Stauffacher's results by requiring Ss to 

grip a hand dynamometer during memorization of nonsense syllables. 

The optimal facilitation of memorization was found to be the amount of 
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MT produced by dynamometer pressure equal to one-fourth of the 

reading at thje end of 30 seconds of maximum effort in a preliminary 

trial. Adams (1954), in an attempt to determine if IMT facilitation of 

performance is a learning or a performance variable, found no signifi

cant difference between experimental groups, which pulled 10, 20, and 

30 lb. weights by means of foot stirrups, and a control group, which 

had no IMT, at any stage of practice in a two hand matching test. Adams 

concluded that the facilitation and impairment of performance in Courts' 

study may have been due to the distractive effect of maintaining an 

indicated IMT level. While Adams' method of inducing MT was quite 

different than Courts' method, the question of the possible distractive 

effect of IMT level maintenance is a reasonable one. 

In an investigation by Shaw (1956) it was concluded that there is 

an inverted U-shaped relation between IMT and the perceptual span for 

digits presented tachistosocopically. MT was induced by one-fourth, one-

half, and three-fourths of maximum pull capacity of a dynamometer. 

While the optimum level of MT was found to vary as a function of task 

difficulty, one-fourth maximum pull appeared to have the greatest 

facilitative effect. 

A general inference from the above mentioned studies, then, is 

that IMT has a facilitative effect on mental tasks, such as memorization 

and perceptual identification. Apparently, an IMT level of approximately 

one-fourth to one-half of maximum tension capacity is most beneficial to 
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such mental performance, while IMT levels below and above the opti

mum range are least beneficial. 

Muscular Tension and Motor Performance 

With regard to motor or manual performance, Johnson (1928) 

found that speed of finger tapping was related to MT. S>s who exhibited 

low MT, as measured by light pressure on the tapping surface, were 

found to be the most efficient. Those Ss who started at a high MT level, 

but whose tension gradually decreased appeared to be somewhat less 

efficient. Finally, those Ss who showed an increase in MT, or a high 

level of MT throughout the task were least efficient in speed of tapping. 

In two investigations of finger oscillation, Freeman (1937, 1938) noted an 

inverted U-shaped relation between frequency of oscillation and MT level. 

In the first report (1937), Freeman concluded that the optimal degree of 

facilitation is gained by an IMT in the muscles which are most closely 

associated with the reacting body member. In the latter report (1938), 

the author notes that there are four problems to be considered when 

attempting to establish an optimal level of MT for any given motor per

formance: first, varying MT levels must be induced in muscles proxi

mate to the reacting muscles, so as to provide a spread of excitation, 

but remote enough from the reacting muscles to eliminate any mechanical 

interference; secondly, the range of IMT levels must be great enough to 

allow both inhibitory and facilitative effects to occur, and the tests should 
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be sufficiently spaced so as to eliminate the effects of residual fatigue; 

thirdly, extraneous muscular activity in other parts of the body must be 

controlled so as to permit performance to be influenced by the experi

mental IMT only; finally, Freeman notes that the performance under 

study must not be influenced by practice or fatigue effects. 

Investigating the effects of practice on the "dynamogenic" 

influence of IMT, Courts (1942) studied pursuit rotor performance under 

varying degrees of opposite hand dynamometer squeeze. Courts con

cluded that while a degree of optimal facilitation was evidenced in early 

trials, additional practice reduced the facilitative effect of IMT. The 

original detrimental effect of high IMT was accentuated with practice and 

this detrimental effect was also seen to occur earlier in successive 

trials. Telford and Swenson (1942) in a study of MT during mirror 

drawing tasks noted that, while the MT of the hand holding the stylus 

initially decreased, there was an increase in hand tension as learning 

progressed. They concluded that there is a reduction of high, diffuse, 

generalized MT as learning proceeds, followed by a localization of MT in 

the muscles involved in the task. 

In summarizing the above studies of MT and motor performance, 

it may be inferred that, initially, there may be an optimal facilitory 

effect of IMT on manual tasks, but that as learning or practice in the 

task proceeds, this effect is reduced. Furthermore, high levels of MT 

may have an inhibitory effect on performance as practice is increased. 
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Muscular Tension and Reaction Time 

With regard to the effects of varying levels of MT on reaction 

time (RT), the time interval between the onset of a stimulus and the 

onset of the overt response to that stimulus, Angell (1919) examined the 

constancy of the RT with varying levels of tension. Ss were required to 

pull a "trigger" reaction key in response to an auditory stimulus. The 

trigger key was a self-registering spring balance which gave the extent 

and strength of pull as well as the RT. The results were inconclusive in 

that increased RT was attributed to increased drag of the key on reaction 

movement. 

Freeman (1933) required Ss to react to an auditory stimulus 

under two conditions: one group was told to "tense" or "set" for the 

reaction, while a control group was told to relax. The "tense" or "relax" 

instructions were confirmed by quadricep muscle potential recordings. 

The conclusion reached was that prestimulus MT facilitates faster RT. 

Using galvanic skin response (GSR) measures as an indication of "normal" 

and "supernormal" effort, Freeman (1940) found that faster RTs were 

achieved under the normal effort condition. He concluded that GSR 

measures are more related to subjective effort than to performance level. 

In another investigation, Freeman and Kendall (1940) studied the effects 

of a light and a heavy tension load induced in the reacting limb with respect 

to foreperiod intervals. They concluded that under the light load condi

tion a foreperiod of about 4 sees, gave fastest RTs, while under the 
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heavy load condition, an 8 sec. preparatory interval was most efficient. 

Measuring muscle action potentials (MAPs) by means of elec

trodes on the forearm flexors, Davis (1940) found that the MAP buildup 

begins at approximately 200 to 400 milliseconds after a warning signal 

and increases up to the moment of response. He further noted that the 

higher the MT at the end of the foreperiod, the faster was the RT, and 

that the MAPs were greatest when the foreperiod was of a regular dura

tion. Davis concludes that the buildup of MT is the response movement 

in an incipient stage. In a series of studies by Kennedy and Travis 

(1947, 1948, and Travis and Kennedy, 1947), MAPs were recorded from 

the brow muscles. The authors concluded that the amount of muscle 

activity was proportional to the RT. By recording MAPs from the calf 

muscle, Meyer (1949) found that while simple RT decreased as a function 

of practice, reaching asymptote in approximately 8 days, the overall 

MAPs remained at the same level. While individual Ss showed either 

increases or decreases in the muscle potential recordings with practice, 

Meyer concluded that the improvement in RT will occur regardless of 

the sign of the increment in MAPs. Henderson (1952) investigated the 

effect of practice with knowledge of results on the evoked muscle poten

tials of the nonparticipating arm in a simple RT task. While both the 

prestimulus MAPs and the RTs decreased during the first 4 days, the 

MAPs rose during the fifth and sixth days while the RTs decreased 

slightly. Henderson concluded that the rise in the amount of muscle 
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potential during the last two days was related to increased motivation 

to improve as the asymptote of learning was reached. 

Elliot and Lukaszewski (1961) required Ss to react to a visual 

stimulus by turning a knob that was under no load or under a 165 gram 

load. Using varying foreperiods, the results showed that faster RTs 

were obtained under the loaded condition. The authors suggested that 

the decrease in RT was due to a reduction in the competition of equally 

active neural pathways innervating the antagonistic sets of muscles 

involved in the response. In another study concerned with neural 

elements, Smith and Whitley (1964) postulated that maximal muscular 

stretch, as opposed to normal or minimal stretch, would increase the 

RT of a limb. Their hypothesis was supported by the results and the 

authors concluded that RT was decreased by the neuromuscular junc

tional transmission resulting from muscular stretch. 

In a review of the above investigations of MT and RT, it must be 

generally concluded that, first, as the level of MT increases, up to the 

limits used in these experiments, the RT decreases; secondly, the level 

of MT reflects the level of prestimulus set or subjective effort; and 

finally, with regard to the effect of days of practice, RT decreases to an 

asymptotic level while the MT may either decrease or remain relatively 

constant. 
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A Contemporary Theory of Muscular Tension and Performance 

Lindsley (1951) has described a theory of the "activation" of an 

organism which varies along a continuum from deep sleep at one extreme 

to high emotional excitement at the other extreme. He bases this acti

vation theory on the following empirical observations: first, the 

electroencephalogram (EEG) recorded from scalp electrodes during 

alerted or emotional states shows a desynchronization of the non-alerted 

or resting alpha wave pattern and the appearance of very rapid, low 

amplitude potentials which is termed an "activation pattern"; second, 

the activation pattern can be elicited by electrical stimulation of the 

recticular formation of the brain stem which influences the thalamus 

and the cortex; third, destruction of the rostral end of the recticular 

formation eliminates the activation pattern and restores the slow, 

rhythmic, large amplitude potentials which are correlated with a 

behavioral pattern of resting and relaxation; finally, the neural mechan

isms of the brain stem recticular formation, which influence the objective 

features of emotional expression, are identical or contiguous with the 

activation pattern mechanisms which arouse the cortex. Speaking pri

marily of emotional behavior, Lindsley (1951, p. 509) states: 

Many of the nuances of behavior undoubtedly depend upon learning 
and habituation, which, reinstated through memory and ideation 
and operating through the complex network of intracortical connec
tions makes possible emotional responses that represent varying 
gradations between excitement and its opposite - relaxation and 
sleep. In short, the activation theory appears to account for the 
extremes, but leaves intermediate and mixed states relatively 
unexplained as yet. 



In. a later review, Lindsley (1956) discusses the neural pathways of 

activation and arousal. He notes that the classical afferent systems 

pass through the lateral regions of the lower brain stem and midbrain 

to their respective nuclei in the thalamus before projecting to the 

specific primary receiving areas of the cortex. In the lower brain stem 

these afferent systems give off collaterals which apparently induce 

recurrent discharges in the neurons of the reticular formation. While 

the exact pathways are still doubtful, it is assumed that the recticular 

formation sends impulses upward to the cortex; because of the central 

effects on the cortical EEG, this unspecific afferent system is termed 

the recticular activating system (RAS). Evidence for the existence of 

the specific and unspecific afferent systems has been demonstrated in 

that, when the classical afferent pathways were destroyed, electrical 

and sensory stimulation of the RAS produced EEG activation and a 

behavioral state of arousal; when these classical pathways were left intact 

and the RAS impaired, the organism could be aroused only with extreme 

stimulation. Lindsley also notes that the latency of impulses through the 

RAS is longer than the latency of impulses along the classical afferent 

systems; the RAS diffusely influences the motor and association areas as 

well as the sensory areas, while the classical afferent pathways project 

directly to the sensory areas. In regard to the role of the RAS in 

behavior, Lindsley discusses the afferent and cortical influences on the 

recticular formation and concludes that the moderate interaction of these 
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influences could lead to facilitation, whereas excessive neural bombard

ment may lead to complete blocking of reticular activation upon the 

cortex with resulting loss of attention and awareness. 

While the contemporary view of activation theory has sprung 

from the realm of physiological psychology, it has been adopted rather 

"enthusiastically by a number of writers. Schlosberg (1954) discussed 

the activation continuum as a general index of the intensive dimension of 

emotional behavior, but also, he suggested that there would be an optimal 

level of arousal for effective behavior. At that time, Schlosberg cited 

the results of one of his students who had found a U-shaped relation 

between simple auditory RT and GSR over 100 days of measurement. 

Thus, when the GSR was either low or high, RTs were slow; but at an 

intermediate level, RTs decreased. Unfortunately, when these results 

were rigorously tested in an experimental repetition (Schlosberg and 

Kline, 1959), the U-shaped relation was not found. The authors concluded 

that the effects of suggestion and the need for multiple indices of activa

tion level were possible reasons for the discrepency in results. 

Hebb (1955), in discussing his contemporary view of motivation 

and the "conceptual nervous system, " views activation theory in a 

different light: 

In the classical conception of sensory function, input to the 
cortex was via the great projection systems only: from sensory 
nerve to sensory tract, thence to the corresponding sensory 
nucleus of the thalamus, and thence directly to one of the 
sensory projection areas of the cortex. These are still the 
direct sensory routes, the quick efficient transmitters of 
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information. The second pathway is slow and inefficient; the 
excitation, as it were, trickles through a tangled thicket of 
fibers and synapses, there is a mixing up of messages, and 
the scrambled messages are delivered indiscriminately to 
wide cortical areas. In short, they are messages no longer. 
They serve, instead, to tone up the cortex, with a background 
supporting action that is completely necessary if the messages 
proper are to have their effect. Without the arousal system, 
the sensory impulses by the direct route reach the sensory 
cortex, but go no farther; the rest of the cortex is unaffected, 
and thus learned stimulus-response relations are lost. (1955, 
pp. 248-249). 

Hebb stresses the point that activation theory allows two different 

aspects of a sensory event: one is a cue function, guiding behavior; 

the other is the arousal or vigilance function, without which the cue 

function cannot exist. 

Bindra (1959) discusses the concept of activation as the dimen

sion of behavior which represents the energy or excitation level of an 

organism. The author posits two tentative generalizations with respect 

to activation level and performance. The first generalization states that 

"there is an optimum range of level of arousal within which a given 

measure of performance will reach its highest (or lowest) value; the 

greater the deviation in either direction from the optimal arousal level, 

the greater will be the decrease (or increase) in the performance mea

sure. " (Bindra, 1959, p. 246). The second generalization predicts that 

"with increased practice at performing an activity or task (i. e. with 

increased habit strength of a response), there is an increase in the range 

of the optimal level of arousal, as well as within which the activity 

occurs at all. " (Bindra, 1959, p. 249). The author concludes that 
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according to these generalizations, the increase in performance will 

occur only when the habit strength of a response is high, and only when 

the increase in activation is small enough not to exceed the upper limit 

of the optimal range. 

In a recent review of activation and performance, Duffy (19G2) 

postulates that behavior has two major aspects: direction and intensity. 

The first aspect is related to approach or withdrawal, while the second 

aspect is related to level of activation. The level of activation is defined 

by Duffy as "the extent of release of potential energy stored in the 

tissues of the organism, as this is shown in activity or response. " (1962, 

p. 17). In discussing the relation of level of activation and performance, 

the author makes the following statement: 

Variations in the extent of energy release within the organism 
appear to be responsible for many significant variations in be
havior. The general quality of an individual's performance is 
dependent not only ron his structural equipment in its present 
status, as produced by maturation and learning, but also upon 
the degree of activation at the moment performance takes place. 
The same response mechanism of the same organism apparently 
functions in one way when the response occurs at a low level of 
activation and in another way when it occurs at a high level. 
Thus the same individual may in similar situations, function at 
one time effectively, and at another time ineffectively, depending 
on the degree of activation. (1962, p. 117). 

Reviewing earlier studies of MT and performance, Duffy suggests that 

an inverted U-shaped relation exists between the two variables. She 

notes that the level of activation, or the extent of energy release, has 

been studied by using various physiological measures, such as EEG, 

GSR, and MT, and states that "perhaps muscular tension is relatively 
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dependable because it represents the end point of the response, since 

all action on the environment requires muscular contraction. " (p. 108). 

Duffy concludes that 
o 

The degree of activation of the individual appears to affect the 
speed, intensity, and co-ordination of responses and thus to 
affect the quality of performance. In general, the optimal de
gree of activation appears to be a moderate degree, with the 
curve expressing the relationship between activation and per
formance taking the form of an inverted U. However, the effect 
of any given degree of activation upon performance appears to 
vary with a number of factors, including the nature of the task 
to be performed and certain characteristics of the individual. 
(1962, p. 194). 

To summarize activation theory as a contemporary view of the 

relation of MT and performance, the following points must be noted: 

first, there is sufficient neurological evidence to suggest that the level 

of activation is controlled by the nonspecific afferent system of the 

recticular formation acting upon the cortex, and further, that the amount 

of RAS influence upon the EEG is related to the behavioral continuum of 

sleep - excitement; second, there appears to be an optimal range of 

activation that has a facilitative effect on performance, while the extremes 

of activation may have an inhibitory effect on performance; third, the 

effect of learning or practice may be a broadening of the optimal range 

of activation level with regard to most efficient performance; and finally, 

MT as one of several measurable physiological variables may best serve 

as an indicant of level of activation with an inverted U-shaped relation 

expected between activation level and performance measures. 
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Recent Studies of Muscular Tension and Performance 

A number of investigations have sought to determine what 

relation exists between the parameters of activation, MT, subjective 

effort, and various motor performance tasks. Stennett (1957) hypothe

sized that the amount of MT developed during an auditory tracking task 

should serve as an indicant of level of activation. Using electromyogram 

(EMG) recordings, an inverted U-shaped relation was found between 

activation level as measured by the EMG output and performance scores. 

Eason (1959, 1959b) investigated the effect of sustained MT on a hand 

dynamometer and the EMG output from the forearm flexor and bicep 

muscles. He concluded that the EMG reflected the subjective effort of 

the S. During constant dynamometer contraction level, the total EMG 

output increased over time; during constant subjective level of dynamo

meter squeeze, the EMG output remained fairly constant while the 

physical force applied to the dynamometer declined exponentially. 

Eason and White (1960, 1961), in studies of MT as reflected in 

EMG recording during pursuit rotor tracking, found that when various 

weights were suspended from the wrist of the tracking hand the perfor

mance was inversely related to the amount of physical work load. As 

measured by EMG output, performance was positively related to MT. 

With regard to the effects of IMT, the authors note that MT may be 

positively related to motivation, which facilitates performance, and to 

muscular fatigue, which inhibits performance. In an interpretation of 
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studies which have found an optimal level of IMT which facilitates 

performance, Eason and White (1961, p. 366) conclude that 

The beneficial effects may be due to an arousal reaction pro
duced by a tension-inducing stimulus which is, however, too 
weak to be distracting. Proprioceptive stimulation arising 
from newly activated motor units could sufficiently excite the 
recticular activating system of the brain stem to produce an 
overall increase in the alertness level of an individual. Such 
increases in alertness might result in a degree of improvement 
in the performance of a perceptual-motor or verbal task which 
more than offset any detrimental effects produced by the compe
tition for the same neuro-muscular elements. As the magnitude 
of the extraneous tension-inducing stimulus increases, the 
detrimental effects of two competing responses might be expected 
eventually to override the beneficial effects of the arousal reaction, 
resulting in the deterioration of both physical and "non-physical" 
tasks. 

Eason, Harter, and Storm (1964) required Ss to exert various levels of 

MT, either by squeezing a dynamometer or lifting weights, while memo

rizing nonsense syllables. While the authors expected that performance 

would be reduced in the task of learning visually presented nonsense 

syllables and simultaneously maintaining a dynamometer level that was 

visually indicated, no difference was observed when the performance 

scores were compared with those obtained under conditions of auditory 

presentation and MT induced by lifting weights. The overall performance 

curve as a function of amount of force used (5, 10, 15 and 20 lbs.) to 

induce MT showed a slight inverted U-shape. Upon further analysis, it 

was noted that only the performance level at the 20-lb. IMT level was 

significantly different than the other 3 levels. The authors observed 

that all of the Ss used were at a high level of motivation and they con

cluded that 
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A mildly activating stimulus would be expected to have a 
beneficial effect on performance of the criterion task only 
if Ss were relatively inactivated and were not concentrating 
as intensively on the task as they were capable of doing. 
The proprioceptive input generated by the hand grip task 
could hardly be expected to increase the level of concentra
tion of highly motivated Ss. Instead no significant effect on 
performance would be expected until the hand grip task be
came sufficiently intense to be distracting, at which time 
performance deterioration would occur. This is apparently 
what happened for the 20~<lb. load condition. (Eason, Harter, 
and Storm, 1964, p. 108). 

Turning to the realm of RT as a function of IMT, Klemmer 

(1957) required Ss to exert a prestimulus holding force of from 0 to 20 

ounces on a strain gage fitted pressure key, and to react to a visual 

stimulus by exerting an additional force of 1 or 20 ounces. The 

results showed that the RT was independent of both the prestimulus 

holding force and also the force required for the response movement. 

Teichner (1957) studied the effect of MT on RT by requiring Ss to pull 

a spring balance downward with the arm in a chinning position at forces 

of from 5 to 35 lbs. RT was measured from the onset of a stimulus to 

the initiation of an additional downward jerk of the arm. The author 

concluded that RT varies inversely with the magnitude of MT, except 

when possible combinations of various foreperiods and MT levels were 

irregularly presented. In this case, the magnitude of RT did not appear 

to affect RT. An interpretation of these results, then, is that when 

foreperiods are randomly selected and IMT levels are also varied 

systematically, there would be little if any effect of MT on RT. With 

this interpretation, Teichner's results do not contradict those of 



Klemmer. In a recent investigation, Kagan (1964) using random fore-

periods required Ss to exert a prestimulus holding force of from 0. 25 to 

10. 0 lbs. on a torsion bar finger key, and to react to an auditory stimu

lus by exerting an additional force of 0. 25 to 3.0 lbs. This study thus 

extended the range of IMT levels from the low levels used in Klemmer's 

investigation beyond the intermediate levels used by Teichner. The 

results indicate, first, that RT increases as the force required for the 

response is increased; and secondly, that RT becomes slower as the 

level of IMT is increased. This latter effect is most pronounced as 

IMT is increased beyond intermediate levels of tension. Kagan,s results 

at first appear to be contradictory to those of Teichner and Klemmer, 

but it should be noted that at low and intermediate levels of MT, such 

as used by Klemmer and Teichner, the results are similar, while with 

the higher levels of IMT as used by Kagan, RT increases as tension 

increases. 

In a summary of recent studies of MT and performance, the fol

lowing conclusions are noted: first, using EMG output as an index of 

activation level, there is some evidence of a U-shaped relation between 

activation and performance; second, EMG measures in a motor perfor

mance task are more directly related to subjective effort than to 

dynamometer IMT; third, in terms of physical work load on the reacting 

body member, fatigue effects appear to contribute to performance deteri

oration; fourth, the maintenance of high IMT levels may be a distractive 



influence with respect to performance, whereas low IMT levels may-

have an activating or facilitating influence which results in improved 

performance; and finally, at low and intermediate levels of IMT, RT is 

not impaired, but as IMT is increased to higher levels, RT becomes 

progressively slower. 

Purpose and Hypotheses of the Present Investigation 

In a general review of the previous research and the conclusions 

as discussed above, there appear to be several pertinent questions which 

warrant further investigation. First of all, what relationship exists 

between speed of reaction and muscular effort when effort is viewed 

independently as muscular work necessary to make a response and as 

prestimulus tension over a very broad range? Again, how is response 

speed affected when the reaction is not one that requires additional ten

sion? And finally, what is the effect of learning and practice on speed 

of reaction under the various conditions of muscular exertion? 

The primary purpose of the present research was to determine 

the effect of varying levels of forearm muscular tension on simple 

human reaction time, and to study this effect through daily practice 

sessions as the Ss progressed from a level of no previous training to 

skilled performance. This plan was carried out in two ways: first, by 

varying the amount of physical work that the Ss had to exert in making a 

response; and secondly, by varying the amount of prestimulus IMT 

between the low and high extremes of the Ss1 individual capacities. The 



effect of physical work load was tested by using differently weighted 

hand held bars and requiring that these bars be lifted to open an RT 

circuit. It was assumed that the physical work load, which resulted 

from holding and lifting the weighted bars, would primarily affect the 

contraction of the biceps muscles. However, since the Ss gripped the 

bars, it was expected that the MT level of the forearm flexors would be 

influenced to a similar degree. The effect of prestimulus IMT was 

examined by having the Ss exert varying amounts of tension on the hand 

held bars and again requiring a lifting response to a stimulus. In this 

situation it was assumed that the primary locus of IMT would be in the 

forearm flexor muscles, while the biceps muscle contraction, which is 

necessary for the response movement, would be affected to a lesser 

degree. 

Following the conclusion of Eason and White (1960) that perfor

mance was inversely related to physical work load, it was hypothesized 

that as the weight of the hand held bars was increased, RT would show a 

progressive increase due to work output demand. Secondly, it was 

hypothesized, based on the results of Meyer (1949) and Henderson (1952), 

that RT would be decreased to an asymptotic level as the Ss approached 

a skilled level of performance. 

With regard to the amount of IMT and its relation to RT perfor

mance, three hypotheses were deduced from previous research. The 

results of a number of investigations, as previously reviewed, have 



suggested that there is an optimal level of IMT which will facilitate 

motor performance. The generalizations advanced by Bindra (1959) 

and Duffy (1962) in particular state that an inverted U-shaped relation 

exists between IMT and performance. Following these conclusions, it 

was hypothesized that an optimal facilitative range of IMT would be 

demonstrated, that levels below and above this optimal range would be 

related to poorer RT performance, and in general, that a U-shaped 

relation would exist between levels of IMT and RT. (A U-shaped rela

tion was predicted rather than an inverted U, since low RT scores 

represent better performance). Secondly, based on the results of 

Courts (1942), that the facilitation effect is reduced through practice, and 

on Bindra's generalization (1959), that the optimal range is extended to 

include higher and lower levels, it was hypothesized that a facilitative 

effect would be evidenced using intermediate IMT levels during the 

initial trials, but that this effect would be reduced through practice to 

a point where IMT would have little if any effect on RT performance. 

Finally, it was hypothesized, again based on the conclusions of Meyer 

(1949) and Henderson (1952), that as the Ss progressed through days of 

practice from the level of no previous practice to skilled performance, 

RT would decrease to an asymptotic level regardless of the amount of 

IMT. 



METHOD 

Two separate experiments were carried out. The first, Experi

ment I, investigated the effect of hand held bar weights on simple RT, 

while the second, Experiment II, was concerned with the effect of 

varying levels of IMT on RT. 

Subjects; Ss were 18 students, 9 males and 9 females, at the University 

of Arizona. Of these Ss, 4 males and 4 females, ranging in age from 19 

to 26 years with a mean age of 21. 7 years, served in Experiment I; in 

Experiment II, 5 males and 5 females, whose age range was 17 to 36 

years with a mean of 21.5 years, served as Ss. 

Apparatus: In both experiments, Ss were seated in an Industrial Acous

tics Company room, model 403-A, which reduced the external noise 

level by approximately 50 decibels. .E sat outside S's room where he 

could view S through a window and speak with him by means of an inter

com system. The interior of S's room and .E's desk are shown in Figs. 

1 and 2 respectively. 

In Experiment I, 7 pairs of hand held bars, 7 in. long and 1^ in. 

in diameter, weighing 40, 80, 120, 160, 200, 240, and 280 grams were 

used. The heavier bars were constructed of 1-^ in. aluminum tubing, 

fitted with aluminum end-caps, and weighted with steel washers. The 
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Fig. 1. Interior of subject's room. All 

apparatus necessary for both Experiment 

I and Experiment II are shown. 

Fig. 2. Overhead view of experimenter's 

desk. All instruments used in both of the 

experiments are shown. 
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bars weighing 40 grams were constructed of 1-j in. wood doweling which 

was hollowed out to reduce their weight to 40 grams. All bars were 

fitted with snap contacts on the top end and a bolt head extending ^ in. 

from the bottom end. The bars were held vertically upon an aluminum 

contact plate, 8x5 in., resting on S's table. Electrical leads from the 

bars and the contact plate were connected to the timing instruments on 

E*s desk. A Hunter Decade Interval timer, model 100-D, was used to 

control stimulus foreperiods, while a Hunter KlockKounter, model 120-A 

was used to measure the RT in milliseconds. To initiate a specific 

stimulus - response sequence, S pushed a microswitch with his right 

foot which started the foreperiod timer. At the end of the foreperiod, 

the timer closed two circuits simultaneously. One circuit was the RT 

circuit which included the bar held in the right hand, the contact plate, 

and the Hunter KlockKounter. The other circuit was the auditory sti

mulus circuit which included an Eveready battery, 9 volt DC, no. 276, 

and a Roberts Stereo headset which was worn by the S. The stimulus 

was an auditory click approximately 70 decibels above threshold for 

these conditions with a rise time of less than 1 millisecond. 

In Experiment II, the same footswitch start circuit, RT circuit, 

and auditory stimulus circuit as described above were used. In addition 

the S held 160 gram bars in each hand, but the right hand bar contained 

a SR-4 strain gage, type C-l, the resistance of which was rated at 505 + 

3 ohms, manufactured by the Baldwin-Lima-Hamilton corporation. As 
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shown in Fig. 3, the aluminum bar was fitted with a plastic lever, ^ in. 

wide and 2^- in. long, that when pressed would exert force upon a rigidly-

mounted spring steel strip, 4 in. long and ^ in. wide, upon which was 

mounted the strain gage. The maximum amount of inward movement of 

the plastic lever was inch. The bar, thus equipped with a strain gage, 

served as a small, lightweight,, hand dynamometer. 

The amount of tension exerted on the lever of the bar dynamometer 

was measured by using the strain gage as one side of a Wheatstone bridge, 

of which two sides were 500 ohm resistors, while the remaining side was 

a 0-1000 ohm variable resistor. The purpose of the variable resistor 

was to balance the bridge circuit and to compensate for temperature 

effects on the strain gage. The input power for the bridge circuit was a 

Hewlett-Packard audio oscillator, model 200 CD, set at a frequency of 

350 cps. and full decibel amplification. The bridge circuit output was 

amplified by a Grass Ultra Linear Audio Monitor, model AM-3, with 0 

attenuation, +20 linear frequency, and noise clipper in operation. The 

amplified signal was read on a Simpson volt-ohm-milliammeter, model 

260, series III, on the 0-2. 5 volt AC scale. A force-volt transduction 

scale was calibrated and is shown in Fig. 4. For each S's maximum 

squeeze capacity an individual scale of percent squeeze capacity levels 

was calculated and indicated on the face of the voltmeter by black 

pointers which were numbered. Thus in Experiment II, the strain 

gage circuit and the voltmeter circuit were connected from E's desk into 



Fig. 3. Details of the strain gage 

bar dynamometer. Actual size. 
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Fig. 4. Transduction relationship between 

voltage level and force applied to the 

centerpoint of the lever of the strain gage 

dynamometer. 
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the S's room, in addition to the foot switch start circuit, the auditory-

stimulus circuit, and the RT circuit. The complete wiring and instru

ment diagram is presented in Fig. 5. 

Procedure: At the start of each of the two experiments, Ss were told 

that the general nature of the investigation was "to determine the effect 

of bar weight (muscular tension) on reaction time, " and that it was very-

important to be present each week day for 2 weeks, at the appointed 

time. All Ss were tested for 10 days, 98 RTs heing taken in each daily 

session. Fourteen RTs per day were measured at each of the 7 levels 

of bar weight or induced muscular tension. 

In Experiment I, Ss were told to press the footswitch down when 

they were ready, to lift the hand held bars when they heard the auditory 

click, and then to release the footswitch after the reaction was completed. 

Ss were instructed to hold the bars vertically upon the contact plate and 

to be sure that they did not rest any part of their arms on the table. In 

this way the position of the lower arms was approximately parallel to 

the surface of the table. The S's operation of the footswitch and the posi

tion of the S just prior to reaction are shown in Figs. 6 and 7. 

Prior to each daily session, the S was given several practice 

reactions with varying foreperiods from 2 to 4 seconds. In the actual 

test session, the foreperiods used were 2. 0, 2.3, 2.6, 3.0, 3.3, 3.6, 

and 4.0 seconds. These 7 foreperiods were randomly ordered without 

replacement so that each particular foreperiod was used twice during 



Fig. 5. Wiring and instrument diagram. 

All circuits used in both Experiment I 

and Experiment II are shown. The broken 

lines indicate those circuits which were 

added in Experiment II. 
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Fig. 6. Rear view of subject. The switch 

which initiated the foreperiod interval is 

located under the S's right foot. 

Fig. 7. Subject prepared to respond. 





the RT responses with each bar weight. The order of testing with respect 

to the bar weights of 40, 80, 120, 160, 200, 240, and 280 grams was 

randomly chosen for each S on each day. At the end of each block of 14 

RT trials with a particular bar weight, the !3 was told to rest, and .E 

replaced the bars with another pair of bar weights. This was continued 

until all 7 bar weights had been used. Each daily session lasted approxi-
t 

mately 40 minutes. 

In Experiment II, the basic operation of the bar dynamometer 

was explained to S, and the manner in which he was to grip the dynamo

meter was demonstrated. The grip was such that the lever of the bar 

was placed on the fleshy pad of the right hand directly below the knuckles 

(the third joint), with the top of the lever resting at the midline of the 

index finger. The Ss were told that it was important to maintain this 

standard grip throughout the experiment. 

Prior to each daily session, the maximum squeeze capacity of 

the S was measured; this was accomplished by instructing S to "squeeze 

the bar as hard as possible, " to hold the tension for 5 sees, while .E 

noted the voltmeter reading, and then to relax. This operation was 

repeated 3 times, and the maximum squeeze capacity was calculated as 

the mean of the 3 readings. Depending on the average maximum voltage 

reading, black numbered pointers were affixed to the face of the volt

meter to indicate the 5, 20, 35, 50, 65, 80, and 95 percent levels of 

maximum squeeze capacity. The base level of 0 percent was held 



constant at 0. 2 volts for all Ss and was marked with a light pointer. 

The particular voltage values, with respect to maximum voltmeter 

reading, at which the numbered pointers were placed are presented in 

Table 1. 

At the start of the test session, the voltmeter was placed on the 

table directly beyond the contact plate so that the S could easily see 

the voltmeter needle in relation to the numbered pointers. The was 

then given several practice trials with varying foreperiods from 2 to 4 

seconds. Before each test trial the S was told to align the needle with a 

designated pointer (numbered 1 to 7) and when the needle was steady on 

the pointer, due to the S's steady grip tension, S pushed the footswitch 

and lifted the bars when the auditory click was presented. The volt

meter position and the S prepared to respond and are shown in Figs. 6 

and 7. 

The levels of percent maximum squeeze, MT levels, were pre

sented according to a design order equated for first and second order 

probability. Thus each level and each possible pair of levels was presen

ted equally often for the first 49 trials and the order was reversed for 

the second 49 trials in each daily session. The foreperiods of 2. 0, 2. 3, 

2.6, 3.0, 3.3, 3.6, and 4.0 sees, were randomized so that each fore-

period preceded each tension level just once in the blocks of 49 trials. 

Using these particular design orders of foreperiods and muscular tension 

levels, it was assumed that the effects of foreperiod duration and 



TABLE 1 

VOLTAGE LEVEL INDICATIONS OF 

DYNAMOMETER TENSION 

PERCENT OF MAXIMUM SQUEEZE 

0% 5% 20% 35% 50% 65% 80% 95% 100% 

.2 .28 . 52 .76 1.00 1.24 1.48 1. 72 1.8 

.2 .29 .54 .80 1.05 1. 31 1.56 1.82 1.9 

.2 .29 . 56 .83 1.10 1. 37 1. 64 1.91 2.0 

.2 . 30 . 58 . 87 1. 15 1. 44 1. 72 2.01 2.1 

.2 . 30 . 60 .90 1.20 1.50 1.80 2.10 2.2 

. 2 .31 . 62 .94 1.25 1.57 1.88 2. 20 2.3 

.2 . 31 . 64 .97 1. 30 1. 63 1.96 2. 29 2.4 

.2 . 32 . 66 1.01 1. 35 1. 70 2.04 2. 39 2.5 

. 2 . 32 . 68 1.04 1.40 1. 76 2.12 2.48 2.6 



immediately preceding tension levels would be controlled. The daily 

test sessions lasted approximately 45 minutes, with a 5 minute rest 

period given between the first and the second block of 49 trials. 

Analysis of Data: In this investigation, the RTs of each at each level 

of bar weight, or muscular tension, on each day were ranked in order of 

magnitude and a median RT was obtained. Thus each median score 

represented the middle value of 14 RTs. The reason for using median 

scores rather than mean values is twofold: first, since the physiologi

cal conduction rate of the nervous system sets an upper limit to the speed 

of reaction, while the lower limit is undefined by any such constant, the 

distribution of possible RTs usually does not approximate a normal curve, 

but rather is positively skewed; secondly, the elimination of the effects 

of anticipatory reactions and of reactions which reflected lapses of 

attention was desired. In view of these considerations, it was assumed 

that the median RTs were a more satisfactory measure of central ten

dency. 

An analysis of variance was calculated for each experiment using 

the median RTs of each S on each day at each level of bar weight or 

muscular tension. The design used was similar to the Type VI design as 

presented by Lindquist, (1953, p. 292). Since the trend of bar weight 

levels in Experiment I, and of muscular tension levels in Experiment n, 

was of primary concern, an analysis of linear and quadratic components 



was incorporated into the design. The trend analysis followed the 

recommendations of Edwards, (1960, p. 224), and of Grant, (1956). 



RESULTS 

In Experiment I, the means of all Ss' median RTs in milliseconds 

at each level of bar weight on each day are presented in Table 2 and 

plotted in Fig. 8. The means of daily median RTs at each level of bar 

weight as a function of sex are shown in Table 3 and a graphic represen

tation is drawn in Fig. 9. The average daily median RTs of the males 

and females are found in Table 4 and these results are graphed in Fig. 

10. The summary table of the analysis of variance of the median RTs 

as a function of the main effects of sex, days, and bar weight levels is 

presented in Table 5. It can be seen that while there was no significant 

difference between the males and females, the effects of days and bar 

weight levels were significant. In regard to trend, the overall linear 

component of bar weight levels was significant. 

In Experiment II, the means of all Ss' median RTs as a function 

of MT levels and days are shown in Table 6 and plotted in Fig. 11. With 

regard to MT levels for each sex, the average median RTs are presented 

in Table 7 and graphed in Fig. 12. The means of daily median RTs of 

both sexes are shown in Table 8, while these results are graphically 

represented in Fig. 13. The variance analysis summary table of median 

RTs with respect to the factors of sex, days, and MT levels is shown in 

Table 9. Again the effect of sex was not significant, but the effects of 
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TABLE 2 

AVERAGE MEDIAN REACTION TIMES 

AT EACH BAR WEIGHT ON 

EACH DAY* 

DAY 

40 80 

BAR WEIGHT IN GRAMS 

120 160 200 240 280 

1 149 151 150 152 151 148 149 

2 140 141 145 151 144 150 157 

3 139 143 142 146 142 146 146 

4 137 139 141 135 138 137 142 

5 137 143 136 140 139 141 144 

6 134 138 137 136 141 139 142 

7 135 137 134 139 135 139 138 

8 133 141 136 134 135 138 140 

9 127 136 129 134 132 130 136 

10 129 129 135 132 134 133 134 

* All reaction times are given in milliseconds. 



Fig. 8. Average median reaction times 

at each bar weight as a function of days 

of practice. As shown, a constant value 

has been added to the daily plots for ease 

of presentation. 
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TABLE 3 

AVERAGE MEDIAN REACTION TIMES 

AT EACH BAR WEIGHT FOR 

EACH SEX* 

SEX BAR WEIGHT IN GRAMS 

40 80 120 160 200 240 280 

MALES 145 147 147 149 147 148 151 

FEMALES 127 132 130 131 131 132 134 

COMBINED 136 140 139 140 139 140 143 

* All reaction times are given in milliseconds. 



Fig. 9. Average median reaction times at 

each bar weight as a function of sex. 

Combined curve indicates the overall effect 

of bar weight or work load on reaction time. 
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TABLE 4 

AVERAGE MEDIAN REACTION TIMES FOR 

EACH SEX ON EACH DAY COMBINED 

OVER ALL BAR WEIGHTS* 

SEX DAYS OF PRACTICE 

1 2 3 4 5 6 7 8 9  1 0  

MALES 159 155 155 146 150 145 147 144 138 137 

FEMALES 141 139 132 130 130 131 127 129 127 127 

COMBINED 150 147 143 138 140 138 137 137 132 132 

* All reaction times are given in milliseconds. 



Fig. 10. Average median reaction times of 

each sex as a function of days of practice 

combined over all bar weights. The combined 

curve indicates the overall effect of days of 

practice on reaction time. 
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TABLE 5 

SUMMARY TABLE: ANALYSIS OF VARIANCE 

OF WORK LOAD EXPERIMENT 
m 

qniTRrF1 SUM nT_, MEAN ERROR „ SIG. 
SOURCE SQUARES DF SQUARES TERM F"RATI° LEVEL 

BETWEEN Ss 294, ,791. 571 7 
SEX (C) 37, ,621. 607 1 37, 621. 607 b <1 , NS 
ERROR (b) 257, ,169. 964 6 42, 861. 660 

WITHIN Ss 61, 972. 925 552 
DAYS (A) 17, 220. 886 9 1, 913. 432 1 5.999 .001 
BAR WT. (B) 2, 059. 786 6 343. 298 2 5.541 .001 

LINEAR 1, •
 

OS I> CO 

716 1 1, 379. 716 2L 14# 643 .01 
QUADRATIC 1. 933 1 1. 933 2Q <1 NS 

A x B 2, 851. 214 54 52. 802 3 1.333 NS 
LINEAR 887. 922 9 98. 658 3L 1.502 NS 
QUADRATIC 276. 230 9 30. 692 3Q <1 NS 

A x C 2, 201. 107 9 244. 567 1 <1 NS 
B x C 123. 993 6 20. 666 2 <1 NS 

LINEAR • 144 1 • 144 2L <1 NS 
QUADRATIC 14. 539 1 14. 539 2Q <1 NS 

A x B x C 2, 971. 793 54 55. 033 3 1.181 NS 
LINEAR 733. 682 9 81. 520 3L 1.241 NS 
QUADRATIC 313. 976 9 34. 886 3Q <1 NS 

ERROR (w) 34, 543. 516 414 
1. ERROR 17, 222. 616 54 318. 937 
2. ERROR 2, 230. 136 36 61. 948 
2L. LIN. 565. 318 6 94. 219 
2Q. QUAD. 565. 634 6 94. 272 
3. ERROR 15, 090. 763 324 46. 576 
3L. LIN. 3, 546. 384 54 65. 673 
3Q. QUAD. 3, 340. 253 54 61. 856 

TOTAL 356, 763. 866 559 



TABLE 6 

AVERAGE MEDIAN REACTION TIME AT EACH 

MUSCULAR TENSION LEVEL 

ON EACH DAY* 

DAY PERCENT OF INDUCED MUSCULAR TENSION 

5% 20% 35% 50% 65% 80% 95% 

1 167 167 173 175 182 188 208 

2 148 152 152 154 154 162 164 

3 150 152 154 154 155 153 163 

4 149 148 148 148 154 151 162 

5 144 145 139 145 147 145 150 

6 142 143 142 145 147 149 152 

7 141 144 143 143 150 147 151 

8 • 144 143 143 144 148 151 151 

9 136 137 134 139 140 139 143 

10 132 132 134 132 135 138 136 

* All reaction times are given in milliseconds. 



Fig. 11. Average median reaction times at 

each level of muscular tension as a function 

of days of practice. As shown, a constant 

value has been added to the daily plots for 

ease of presentation. 
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TABLE 7 

AVERAGE MEDIAN REACTION TIMES AT 

EACH LEVEL OF MUSCULAR TENSION 

FOR EACH SEX* 

SEX PERCENT OF INDUCED MUSCULAR TENSION 

5% 20% 35% 50% 65% 80% 95% 

MALES 134 133 132 133 134 136 137 

FEMALES 157 160 160 163 168 169 178 

COMBINED 145 146 146 148 151 152 158 

* All reaction times are given in milliseconds. 



Fig. 12. Average median reaction times at 

each level of muscular tension as a function 

of sex. The combined curve indicates the 

overall effect of induced muscular tension 

on reaction time. 
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TABLE 8 

AVERAGE MEDIAN REACTION TIMES FOR EACH 

SEX ON EACH DAY COMBINED OVER ALL 

LEVELS OF MUSCULAR TENSION* 

SEX DAYS OF PRACTICE 

1 2 3 4 5 6 7 8 9  1 0  

MALES 168 136 137 128 130 131 127 129 128 125 

FEMALES 191 173 172 174 161 160 164 163 149 143 

COMBINED 180 155 154 151 145 146 146 146 138 134 

* All reaction times are given in milliseconds. 



Fig. 13. Average median reaction times of 

each sex as a function of days of practice 

combined over all levels of muscular tension. 

The combined curve indicates the overall 

effect of days of practice on reaction time. 
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TABLE 9 

SUMMARY TABLE: ANALYSIS OF VARIANCE 

OF MUSCULAR TENSION EXPERIMENT 

SUM MEAN ERROR F.RATTO SIG. 
SQUARES SQUARES TERM LEVEL 

SOURCE 

BETWEEN Ss 484, 468. 927 9 
SEX (C) 167, 153. 555 1 167, 153. 555 b 4.224 NS 
ERROR (b) 317, 315. 372 8 39, 664. 421 

WITHIN Ss 224, 787. 443 690 
DAYS (A) 98, 444. 955 9 10, 938. 328 1 12.998 .001 
MT LEVEL (B) 12, 306. 560 6 2, 051. 093 2 14.949 .001 

LINEAR 10, 823. 223 1 10, 823. 223 2L 18.233 .01 
QUADRATIC 1, 267. 520 1 1, 267. 520 2Q 19.873 .01 

A x B 8, 922. 555 54 165. 233 3 3.652 .001 
LINEAR 6, 269. 757 9 696. 639 3L 3.916 .001 
QUADRATIC 990. 066 9 110. 007 3Q 1.740 NS 

A x C 11, 260. 088 9 1, 251. 121 1 1.485 NS 
B x C 4, 871. 315 6 811. 885 2 5.917 .001 

LINEAR 4, 544. 103 1 4, 544. 103 2L 7. 655 .025 
QUADRATIC 73. 360 1 73. 360 2Q 1.150 NS 

A x B x C 2, 216. 142 54 41. 040 3 <1 NS 
LINEAR 428. 109 9 47. 567 3L <1 NS 
QUADRATIC 263. 594 9 29. 288 3Q <1 NS 

ERROR (w) 86, 765. 828 552 
1. ERROR 60, 634. 400 72 842. 144 
2. ERROR 6, 585. 868 48 137. 205 
2L. LIN. 4, 748. 852 8 593. 606 
2Q. QUAD. 510. 244 8 63. 780 
3. ERROR 19, 545. 560 432 45. 244 
3L. LIN. 12, 805. 275 72 177. 851 
3Q. QUAD. 4, 551. 767 72 63. 218 

TOTAL 709,256. 370 699 



days and MT levels were significantly different. While the interactions 

of days and MT levels, and of sex and MT levels, were significant, the 

interaction of days and sex was not significantly different. In the analy

sis of the trend of the overall MT levels, a significant linear and a 

significant quadratic component was found. A difference of the linear 

slope of MT levels was found as a function of days and as a function of 

sex, as indicated by the significant linear components of the days-MT 

levels interaction and of the sex-MT levels interaction. 



DISCUSSION 

In a consideration of the results of Experiment I, the significant 

differential effect of bar weight on RT performance and the graphic plot 

of this effect, as shown in Fig. 7, supports the initial hypothesis that 

RT becomes slower as the work output demand is progressively increased. 

The effect of work load on performance, as indicated by the significant 

linear component of overall bar weight levels, is essentially linear 

throughout the days of practice with a slight positive slope. It should be 

noted, however, that the weights used, from 40 to 280 grams, were con

siderably lighter than the 5 and 10 lb. weights used by Eason and White 

(1960). Thus, although the results were very much the same, if the 

range of physical work load required for response movement were in

creased to include much greater bar weights, it would be predicted that 

the detrimental effect of work load on RT performance would progress 

in an increasing linear or even logarithmic fashion as the physical work 

limit of the S was approached. The important finding for the present 

investigation, however, is that even within a very minimal range of bar 

weight levels, the amount of work demand significantly affected perfor

mance. 

While the mean of all Ss' median RTs was 150 msecs. on the 

first day of testing, RT decreased systematically to a final level of 132 
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msecs., the average value on the last day. Thus the hypothesis was 

supported that RT decreases as a function of practice. With regard to 

the performance of males as compared with females, there was no 

significant difference in overall RTs. This result with a small sample 

does not support the conclusion of Teichner (1954), based on an exten

sive review of the RT literature, that the RT of males is faster than 

that of females. It can be noted by an examination of Figs. 9 and 10 

that in this investigation the female performance was relatively faster 

than that of the males, although not significantly so. The fact that there 

were no significant interactions between sex and the variables of work 

load and days of practice indicates that both sexes were similarly 

affected by the work demand and practice effects. 

The results of the second experiment do not, in general, support 

the original hypothesis with regard to specific predicted effects of IMT. 

While there was a significant effect on RT between different levels of 

IMT, the hypothesized U-shaped relation was not evidenced. As shown 

in Fig. 12, the overall plot of RT performance indicates that as MT is 

increased, there is a progressive increase in RT. This decrease can be 

said to be both linear and logarithmic as the trend analysis of overall' 

MT levels on performance showed both significant linear and quadratic 

components. Thus, evidence of a facilitative optimal range of inter

mediate MT levels is lacking. However, it can be concluded that low 

levels of IMT are accompanied by faster RT performance, while with 
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high IMT levels, RT performance deteriorates. Since a facilitative 

effect of intermediate IMT levels on RT performance was not found, the 

original hypothesis that this specific effect would be reduced through 

practice.must be rejected. An examination of Fig. 11 demonstrates, 

however, that on the first day of the experiment the most efficient RT 

performance was at the lowest levels of IMT, while at intermediate and 

higher levels of IMT, the effect of increasing MT inhibited efficient RT 

performance. Again with reference to Fig. 11, it can be seen that as 

practice increased to a level where the Ss demonstrated skilled RT per

formance, the inhibitory effects were reduced to a point where IMT had 

little if any effect on RT. This conclusion is supported by the significant 

interaction of MT levels and days of practice and is further substantiated 

by the trend analysis which indicates that the linear slopes of daily RT 

performance, as a function of MT levels, were different from day to day. 

In general, then, it can be pointed out that on the initial day of testing 

the relationship between IMT and RT was linear with a strong positive 

slope, but this relationship changed as a function of days of practice, up 

to the final day of testing where RT performance was essentially indepen

dent of IMT, the linear slope being approximately zero. 

With reference to the effect of days of practice, the hypothesis 

that RT would decrease to an asymptotic level regardless of the amount of 

IMT was supported by the significant effect of days on performance and 

an examination of Fig. 13. Overall, the decrease in average RT was 



from 180 msecs. on the first day to 134 msecs. on the last day. (Thus 

the final asymptotic levels of RT achieved in both Experiment I and 

Experiment II, 132 msecs. and 134 msecs. respectively, are very much 

the same). The daily performance decrease of RT was essentially the 

same for both the males and females, although the males tended to be a 

bit faster in overall RT than the females. In considering the effect of 

IMT levels on each sex, it should be pointed out that the overall RT per

formance was differentially influenced as indicated by the significant 

MT-sex interaction. As shown in Fig. 12, increased IMT was more 

detrimental to female RT efficiency than to that of the males. This con

clusion is supported by the significant difference between the linear 

slopes of the males and females. Thus, it appears that the inhibitory 

effect on performance is present at even the lowest levels of IMT for 

females, while this effect is not noticeable until the males are required 

to exert relatively high levels of tension. This seems to be a plausible 

finding in that females in general have relatively less experience in tasks 

where high levels of muscular exertion are required. 

In relation to other studies of MT and performance, primarily 

those which have found a facilitative effect of intermediate levels of ten

sion on performance, the present investigation shows contradictory 

results. One reason for this may be the relative complexity of the tasks 

required. The earlier studies of MT and learning (Stauffacher, 1937, 
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and Courts, 1939), as well as MT and perceptual discrimination (Shaw, 

1956), required rather complex mental performance; the investigations 

of extended finger oscillation (Freeman, 1937) and rotary pursuit 

(Courts, 1942) required relatively complex sensori-motor performance. 

In contrast, the response task in the present research was one of extreme 

simplicity, merely lifting bars upward in response to an auditory click. 

Earlier studies of MT and RT (Freeman, 1933, Travis and Kennedy, 

1947 and 1948) have shown that as MT increases, RT decreases. It 

must be noted, however, that the relative MT levels, as indicated by 

MAP recordings, reflected a level of set between relaxed and prepared-

to-act states. These investigations did not require extreme levels of 

MT such as 65, 80, and 95 percent of maximum capacity as used in the 

present research. Thus the discrepency in results may be a function of 

the range of IMT levels employed. 

Recent studies of the relation of MT and RT by Klemmer (1957), 

Teichner (1957), and Kagan (1964), have used Ss who were given pre-

experimental practice sessions. Thus, the results of Klemmer and 

Teichner, which showed little effect of prestimulus tension and response 

movement work demand on RT performance, can be compared to the 

performance of Ss in the present investigation only during the final days 

of testing. With this view, the present results substantiate the findings 

of Klemmer and Teichner. On the other hand, Kagan's results, which 

are based on IMT levels that encompass the low levels used by Klemmer, 



the intermediate levels used by Teichner, and high extreme levels of 

prestimulus tension, are in essential agreement with the results obtained 

in the present study during the initial days of testing. In both investiga

tions, RT performance deteriorated as IMT was increased. Kagan also 

concluded that RT increased as the force required for the response 

movement is increased, and the present study, using bar weights to vary 

work demand, supports Kagan1 s conclusion. While Klemmer did not find 

any significant effect of response work demand, the discrepency of the 

results can be related to the low amount of force used, 1 or 20 ounces, 

whereas the 40 to 240 gram range as used in the present research, and 

the 0.25 to 3 lbs. range used by Kagan considerably extended the range 

of force required for a response movement. 

It should be noted that while the increase in IMT levels was 

related to RT performance deterioration, and consequently support 

Kagan's findings, this effect was only evident during the initial phase of 

practice. At later stages of practice, there was little if any effect of 

prestimulus IMT on performance. At first, this result appears to con

tradict Kagan's finding, especially since his investigation extended over 

some 36 days and no effect of practice was noted. However, the task 

required by Kagan was one in which the S exerted a holding force on a 

thumb key, primarily utilizing the muscles associated with prehension 

movement, and the response was an additional prehension movement of 

varying force. In the present research, the response movement was an 



upward lifting of the hands, primarily utilizing the biceps muscles. 

Consequently, the interaction of prestimulus contraction and response 

contraction in the same muscle groups may have prevented the occurence 

of any practice effect in Kaganrs study; in the present study, the relative 

separation of muscles involved in the prestimulus contraction and the 

response movement contraction was of sufficient extent to permit a more 

efficient RT performance as a result of days of practice. 

The relation of level of activation to performance, as measured 

by dynamometer IMT and RT, did not follow the expected direction as 

originally hypothesized. Consequently, the generalized U-shaped func

tion as posited by Duffy (1962) did not receive any empirical support as 

a result of this study. However, if it can be assumed that the average 

Ss serving in an experiment of this type are normally alert, reasonably 

well motivated individuals to begin with, the effect of low levels of IMT 

would not necessarily be expected to inhibit efficient performance. As 

Eason, Harter, and Storm (1964) have noted, no performance deteriora

tion would occur until the IMT level became sufficiently distractive. In 

this regard, distraction may be in the form of intense physical effort, 

discomfiture, or attention to more than one response. In considering 

the distraction of attending to the maintenance of an indicated IMT level 

during performance, Meyer (1953) has pointed out that there is an inter

active effect of simultaneous responses. With reference to the present 

investigation, it may be assumed that the visually indicated maintenance 



of IMT level was one response required of the Ss while the reaction 

movement was another. The interaction of response demands as Meyer 

has suggested may have been responsible for the relative impairment of 

RT performance during the initial days, but this interaction was elimina

ted as practice progressed, even though the prestimulus IMT level 

maintenance task was the same as was the response movement task. 

As predicted from Bindra's generalization (1959), that the range 

of optimal arousal may be increased through practice, it may be inter

preted that the facilitative effect was broadened to encompass all levels 

of IMT and subsequently effected RT performance in a similar manner, 

so that no differential effect was evident in the final days of performance. 

While this interpretation is somewhat tenuous, in that it can not be direct

ly tested, it may be theoretically correct to state that the amount of 

proprioceptive input to the RAS was sufficiently excessive to cause a 

blocking or disruption of cortical activation and hence relative behavioral 

inefficiency during the first day of testing. However, progressive adap

tation through practice to the originally excessive neural bombardment 

of the RAS may have taken place with the result that the organism was 

able to respond effectively regardless of the proprioceptive input related 

to IMT. With this interpretation, activation theory is given some theo

retical support. As Lindsley (1951) has cautioned earlier, the effect of 

level of activation is most dramatic when related to the extreme states of 

sleep and high excitation; these extremes, of course, are relatively free 

of the effects of learning and practice. 



SUMMARY 

Two separate experiments were carried out to determine the 

effect of forearm muscular tension on simple reaction time during 

extended practice. The first experiment varied the amount of physi

cal work, within a narrow minimal range, required to make a response 

movement, while the second experiment varied the amount of prestimu-

lus induced muscular tension over a wide range of from 5 to 95 percent 

of the Ss' maximum capacity. 

The following results were obtained: 1) The amount of work 

required to make a response movement was directly related to reaction 

time; 2) Regardless of the amount of physical work load, reaction time 

decreased as a function of practice to a relatively asymptotic level; 3) 

The relation between amount of physical work required for response and 

reaction time was essentially linear with a slight postive slope through

out days of practice; 4) No sex difference in performance was found 

either as a function of the amount of physical work output or as a function 

of days of practice; 5) The amount of prestimulus induced muscular 

tension significantly affected reaction time performance; initially the 

amount of muscular tension was directly related to reaction time, but as 

the Ss reached a level of skilled performance, there was little if any 

effect of tension on reaction time; 6) The overall effect of muscular 
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tension levels on reaction time showed both linear and curvilinear 

components; 7) Regardless of the amount of induced muscular tension, 

reaction time decreased to a relatively asymptotic level as a function of 

practice; 8) The relation between levels of muscular tension and reaction 

time changed as a function of days of practice; initially, the relation was 

linear with a strong positive slope, while at the end of the experiment, 

the relation was still linear, but the slope was approximately zero; 9) 

A performance difference was found between males and females as a 

function of the amount of induced muscular tension; an increase in the 

prestimulus tension level was more detrimental to overall female per

formance than to overall male performance even though the relation was 

linear in both cases. 

The results were discussed with regard to previous investigations 

of muscular tension and performance, in relation to activation theory, 

and in terms of the distractive influence of simultaneous responses. 
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