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IN  the performance of many tasks, fatigue occurs although the 
amount of muscular effort is small. General fatigue of this 
character is attributed to fatigue of the central nervous system 

( i) .  It is difficult to evaluate. Examination of the responses to 
various stimuli is one of the ways which have been tried. It is not 
inconceivable that somewhere in the chain of functions from sense 
organ to response there is one which would be sensitive to fatigue, 
causing a change of the threshold, probably raising it. Vibration 
sensitivity is known to be altered by cold, (2,3) by increasing age 
(2,4,5), hy severe vitamin deficiencies (6,7). Roth (8) has said 
that during general fatigue the vibration sense diminished, and 
suggested that its measurement might be of importance in aviation 
medicine for the estimation of the fatigue level in flight personnel. 
He gives no figures showing such a decrease. The experiments 
reported in this paper were performed to test Roth’s suggestion 
that vibration sensibility is diminished during fatigue, and to exam­
ine the simple quantitative method whichhe has devised.

The method which Roth described is not only simple but, as 
shown below, has a relatively small inherent error. He uses a 128 
cycles per second (C.P.S.) tuning fork with a cross bar in the stem. 
T o  start it with the same amplitude of vibration each time, he 
strikes it against his hand with enough force to cause the two ends 
to click together. He suspends the fork between two of the subject’s 
fingers; thus, hanging freely by the cross bar, the vibration is ap­
plied under constant pressure. H e takes the time from the moment 
he strikes the fork until the subject no longer feels the vibration. 
The elapsed time is the threshold. W ith the standard fork, Roth 
found the threshold to be thirty-five seconds for normal young
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people, with a range of three or four seconds. The thresholds are 
lower in other parts of the body. There is a decrease with age, and 
if the fingers are cold.

The pressure of the freely hanging fork is uniform. The time 
can be measured accurately with a stop-watch, started when the 
fork is struck against the hand, and held in the hand which is struck. 
There is the question of how uniformly the fork is started with this 
improved method. Tests of this uniformity were performed only 
after extensive practice had perfected technique.

Strain gauges were cemented to the outer sides of both tines of 
the fork near the stem (io ). The wires of the gauges, running 
longitudinally, were alternately stretched and compressed as the 
fork vibrated, thus changing their resistance. The changes were 

recorded photographically with an oscillograph. The width of the 
trace on the record can be measured readily; it is proportional to 

the amplitude of vibration.
Several records were made. The beginnings of each trace varied 

somewhat, showing that even though the greatest care was taken 

in striking, the fork did not start with uniform strength. Roth 
recommends striking the mid-third of one prong against the hypo- 
thenar eminence with sufficient force to click the ends together. 
This method gave variations in amplitude of the order of ±9.0  
per cent. If, instead of the mid-third the end of one prong is simi- 
larily struck, although the fork starts with somewhat less amplitude, 
the variations are of the order of only ± 3 . 5  per cent. Consequendy, 
in all the experiments reported further on, the fork was started by 
striking the end. N o more force should be used than is enough to 
cause the easily heard click.

Variations in amplitude at the start mean that there are differ­
ences in the length of time the fork takes to drop to a level at which 
its vibration could no longer be perceived. It is necessary to convert 
the variations in amplitude into differences of time. The strain 
gauges cause some damping. The less damped vibrations, without
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the gauges, were measured with a microphone, amplifier, and 
output meter, by standing the vibrating fork upright on its stem 
on the back of the microphone, and taking readings of the output 
meter every five seconds. This is less accurate than using the strain 

gauges, but the mean of many runs gave a curve of the decay of 
amplitude with time which corresponds closely with the rate of 
decay when the fork is hanging from the fingers. Differences of 

amplitude between starts of ± 3 . 5  per cent, from the strain gauge 
records, projected onto this curve, show differences of ± 0 .5  second 
in length of time taken to drop to a threshold amplitude.

This method of using a timing fork is therefore sufficiently reli­
able and consistent to be used in making quantitative threshold 

measurements.
One of these 128 C.P.S. forks was used on three people to find the 

thresholds in the first two fingers, of right and left hands. Thresh­
olds in both hands were determined once a day. Table 1 shows the 
comparisons; thresholds are given as the length of time in seconds 
the subjects felt the vibration. In one subject the mean thresholds of 
the two hands were equal, in the other two cases the differences 

were small, and not statistically significant.
The effects of fatigue were sought in the morning and afternoon
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Table 1. Vibration threshold to tuning fork 128 cycles per second measured in 
seconds from time of striking to absence of sensation. Comparison of right and 
left hands.

Subject

No. OF 
T imes 

T ested

T hresholds in  Seconds

D if f .
OF

M baN8

Right Hand Left Hand

Mean
Standard 

Error 
of Mean

Mean
Standard 

Error 
of Mean

j . j . M 26.1 ± 0 .7 26.1 ± 0 .7 0.0
G . H. 19 36.9 ± 0 .9 37.0 ± 0 .7 0.1
J. D . 18 33-1 rfci.o 35-1 ± 1 .0 2.0



;

thresholds of a group of nine people (one male, J.D .). A ll were 
doing laboratory or secretarial work. Tests were made on the right 
hand only, twice a day for five or more days. Thresholds, from 
three or more trials with the fork hanging on the first two fingers, 
were measured in the morning starting at 9: a.m., and in the after­
noon after 4: p.m. They are given in Table 2 ; all morning and 
afternoon thresholds are averaged for each subject.

If vibration thresholds were affected by fatigue, one might expect 
them to be consistently lower or higher at the end of a day’s activi­
ties. They were not in the subjects tested. The differences, in seconds, 
between each subject’s mean morning and afternoon thresholds, 
(D  of the table), are not large. A  ratio of the difference to the 
standard error of the difference (D/<td) of 2  or greater is com­
monly taken as significant. A ll the ratios are smaller than this. The 

changes are not even all in the same direction, eight out of the nine 

are positive, one negative.
There was no correlation between the results of the tests and 

subjective expression of fatigue which were volunteered or given 

in reply to occasional questions. It may be objected that, in spite of 
these subjective symptoms, the work these people were doing was

* * ~ * » * * \ n ^9 n ix
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Table 2. Comparison of morning and afternoon vibration thresholds to tuning 
fork at 128 cycles per second, of nine people.

Subject
No. OF 

D ays

M ea n  T hrese 

A. M .

[old—Seconds 

P. M.
D1

D*

F. A. 2.1 34-3 35.0 + 0 .7 O.7
M. K. 1 1 36.4 36.9 + 0 .5 O.5
V. B. 14 22..2. 2-3-3 + 1 - 1 2*3
J .  w . 10 33.8 35-3 + i -5 0.6
H. R. 10 38.5 39.8 + 1-3 0.8
G . H. 8 36.O 3 7 -1 + x . i 0.6
J .  D. 8 32-5 34-4 1.2
J- J* 6 27.2 25.8 “ *•4 0.9
M . E. 5 34.6 35.6 + 1 . 0 0.4

1 Difference between the mean thresholds.
Ratio of the difference to the standard error of the difference.



not very hard, that they were accustomed to it, and that only 

moderate fatigue might be expected.
The results of a different experiment, summarized in Table 3, 

should meet these objections. The twenty-two men in this group 
went without sleep for four successive days. On two days before 
the experiment, and on each of the days without sleep they were 
tested each evening with the tuning fork. It was not practicable to 
repeat the test at the end, after they had had a night’s sleep. The  
behavior and appearance of these men showed that they were 
under increasing stress, yet their vibration thresholds were not 
markedly changed. Their thresholds on the days without sleep 
differed from those on the days when they had had sleep, but the 
ratios of the differences to the standard errors of the differences are 
all less than 2, so the differences are not significant. Even though 

all the changes are positive they are too small to show any trend 
which can be associated with the increasing fatigue and strain.

In two experiments then, the first involving the fatigue brought 

on by the ordinary activities of a day’s work, the second the cumula­
tive fatigue of four days without sleep, the average thresholds before 
and after the fatiguing experience do not show any significant dif-
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Table 3. Vibration thresholds to tuning fork at 128 cycles per second before 
and during four days without sleep for twenty-two men.

Da y

M ean

T hreshold

Seconds

D1
D2

0*D

Five Days Before Start 27.9
Day Experiment Started 28.3
After the Following Number of Days

Without Sleep
1 29.8 + 1 .9 1.2
2 29.4 +*•5 1.0

3 28.2 + 0 .3 0.2
4 30.6 + 2 -7

1 Difference of the mean threshold of each experimental day from the mean five days 
before of 27.9 seconds. If taken from the mean of 28.3 seconds the differences and the 
ratios D/<rD are smaller.

2 Ratio of the difference to the standard error of the difference.



ferences. Nor are individual changes reliable. The nine people in 
Table 2 were tested a total of 103 times; and their afternoon com­
pared to their morning thresholds, were higher forty-eight times, 
lower forty-two times, and unchanged thirteen times; each of the 
nine had about an equal number of higher and lower afternoon 
thresholds. There was a similar random distribution of individual 
daily changes among the men who went four days without sleep.

These measurements at the fingers, made at 128 C.P.S., on two 
groups of people subjected to widely different degrees of stress, 
show that their vibration thresholds were not changed by the 
fatigue arising from the stress. Single day-by-day thresholds are 
unreliable for they may be raised or lowered. If the mean thresholds 
are taken of several people, or of one person over several days, the 
variations are less, though they may still not be consistendy in one 
direction (see Table 2) and the differences are small and not signi­

ficant (Tables 2 and 3).

S u m m a r y

The simple, quantitative method described by Roth for measur­
ing vibration sense at one frequency has been examined for its 

inherent error, which is found to be relatively small.
This simple method was used on two groups of people under­

going widely different degrees of stress. No changes in vibration 
thresholds could be found as the result of these differendy fatiguing 

experiences.
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