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THE HUMAN EFFECT OF MECHANIZATION

By Evton Mavo

Harvard University

The effect of the mechanization of industry upon the worker is a topic
that has given rise to much general assertion. In so far as these gen-
eral assertions are made by merely literary exponents of human situa-
tions they are often wild and fantastic. Mr. Aldous Huxley, for ex-
ample, in a recent number of the Spectator (November 23, 1929) re-
marks: “The machine demands mechanical efficiency; but mechanical
efficiency is practically synonymous with human imbecility.” And he
asks a rhetorical question as to whether “a mechanically efficient slave
with atrophied powers of initiative” is “a fully alive human being.” The
answer to this is, of course, an emphatic negative—but the question re-
mains as to whether this has really anything to do with the mechaniza-
tion of industry. On re-reading the article, moreover, one finds that Mr.
Huxley’s claim that we are becoming “stupefied and aesthetically
numbed” rests on a single fact of observation, the fact, namely, that
he has to catch trains that are “remorselessly punctual.” “It is only in
an age of mechanization,” he remarks indignantly, “that time can ac-
quire such an excessive value.”

But critics of established reputation and serious character are apt to
make comments of a somewhat similar type, and especially if they cast
a European eye over the supposedly wild proceedings of these United
States. M. André Siegfried, for instance, finds himself “forced to con-
clude that the price America pays for her undeniable material progress
is the sacrifice of one aspect of civilization.”* The consequence of or-
ganizing production is an “atrophied individual” and an “overdisci-
plined community”?; the atrophy is due to “exhaustion that follows ex-
tremely monotonous work.””® The view is apparently widely held that the
mechanization of industry has a harmful effect upon the worker. And
it must be conceded that this view is not altogether groundless; it is
based, at least in part, upon fact and observation. The findings of the
British Industrial Fatigue Research Board, as summarized in its Fourth
Annual Report, are to the general effect that fatigue and monotony play
a large and unsuspected part in the origin of industrial difficulties and
accidents. There is validity in the assertion, therefore, as to the hu-
man effect of mechanization. But the conclusions commonly presented
are too hasty and too general.

2 America Comes of Age, p. 850.

2 1bid., p. 851
* Ibid., p. 173,
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These conclusions are not merely presented by visitors from abroad
or by those exponents of the arts who still regret the alleged passing of
the craftsman. Similar opinions are held by many industrialists and
perhaps even by economists; and here there is less justification for the
hastiness and generality. Any industrialist who maintains that work is
becoming harder and less interesting, and that the appropriate remedy
is to train workers to use their leisure rightly—whatever that may mean
—1is guilty, in even greater degree, of failure to analyze situations and
of jumping to unwarrantable conclusions. For it is by no means cer-
tain yet that it is the mere mechanization that is responsible for present
industrial ills. Closer analysis of particular instances is required, analy-
sis that will tend to show what is humanly harmful-—whether the
mechanization itself, or the perpetuation without alteration from a for-
mer industrial régime of hours of work or other conditions. With these
questions in mind, I propose to describe briefly one industrial inquiry
that has been developed for rather more than two years by the West-
ern Electric Company in its Chicago works. The course that this in-
quiry has run and its unexpected consequences have both a decided rele-
vance to the general topic of this paper.

The inquiry was originally designed to discover more definite an-
swers than are now available to certain questions as to the effect upon
workers of the conditions of their work. It was suggested in the first
place by the failure of a carefully arranged and carefully controlled
attempt to assess the effect of illumination. The apparent implication
of this latter experiment had to be repudiated not because it was re-
pugnant to common sense but rather because the carefully established
control had obviously failed to take account of the factors that were
actually significant in determining the result. So when the second in-
quiry was begun a different form of procedure was adopted. A group
of workers was segregated for observation of the effect of various
changes in the conditions of work, but no attempt was made to “test for
the effect of single variables.” Where human beings are concerned one
cannot change one condition without changing others—so much the
illumination experiment had shown. So Mr. G. A. Pennock and other
Western Electric officials in charge of the experiment have attempted
to observe the unanticipated changes in working conditions as well as
those which were due to definite design. They have attempted also to
observe the consequent changes in the workers. The inquiry is still in
being.

The experimental group consists of six female operators, chosen origi-
nally at random. Their work is the assembling of telephone relays—“put-
ting together a coil, armature, contact springs and insulators in a jig and
fixing the parts in position by means of four machine screws.” A man
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from the Piecc Rates Department was selected to observe and super-
vise the experiment; he does not, however, act as a “gang-boss.”

“Five of the girls were to do the actual assembly work, while the
sixth was to stock and procure parts for each assembly operator. The
nature of the test was carefully explained to these girls and they readily
consented to take part in it, although they were very shy at the first
conference. . . . . They were assured that the object of the test was
to determine the effect of certain changes in working conditions, such
as rest periods, mid-morning lunches, and shorter working hours. They
were expressly cautioned to work at a comfortable pace, and under no
circumstances to try to make a race out of the test.”*

The room in which the experiment has been, and is being, conducted
is a corner of a regular workroom enclosed by partitions. The equip-
ment is “practically identical with that in the regular department”
except for the addition of various devices for measuring production, for
recording the temperature and humidity of the room and so on. Ob-
servers are always present whose duty it is to record any unusual
happening, to be available for consultation, and to work out the results
achieved by the group.

Throughout the experiment an attempt has been made to measure, or
at least carefully observe, organic changes in the workers (long and short
term), changes of mental attitude, and changes in production.

It is only the last series of changes—namely, those occurring in pro-
duction—that lend themselves at present to exact and continuous de-
termination. By means of a mechanical device, the officers in charge
have secured a complete output record for each girl for every minute
of every day of the two and one-half years of experiment. This must
not be taken to imply any overpreoccupation on the part of the Com-
pany with production. The intention of the inquiry from the beginning
has been the advancement of our understanding of human situations, the
development of a more precise and biological knowledge of what is hap-
pening to workers in industry. As a result of this wider interest, there
has been a singular freedom from the blindness consequent on trivial
satisfactions.

It is true that most of the charts used to illustrate the effect of
changed conditions of work are stated in terms of production. But
this is done for two reasons: first, because production is quantitative
and susceptible of exact determination, and second, because produc-
tion is the best index of individual adaptation; that is, it shows “the
combined effect of the conditions imposed.”

The first records of production were taken in the regular department
under ordinary working conditions for each operator (and without her

¢ Quoted from a paper by G. A. Pennock, Western Electric Company.
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knowledge) during two weeks before the group was moved into the test
room and constituted as an experimental unit. After this, a record of
production was kept for five wecks hefare any other changes were in-
troduced. In a third period, of cight weeks, the method of pay was
altered; the five girls were paid by a group piece rate “which meant
that each girl would earn an amount more nearly in proportion to her
individual effort since she was paid with a group of five instead of a
group of one hundred.”

Subsequent to this, the group has worked through twelve experi-
mental changes of working conditions. The changes introduced have
been mainly rest periods of different incidence and length, with or
without a mid-morning lunch. Each proposed change has been dis-
cussed with the group before it was introduced; their opinions have
been given the same consideration as the opinions of those in charge of
the experiment. The results have been made known to them as the rec-
ords revealed them; they have been reminded, from time to time, that
“racing” and special efforts are not wanted.

The effect of the various changes introduced is shown by the charts
giving the production in the various periods. You will see that there
has been a gradual increase in production. For some operators this
increase has been as high as 85 per cent and 50 per cent of their
original performance. The improvement has been surprisingly steady
and seems to have been, in a sense, independent of the conditions im-
posed. The highest production was in period 13, during which there
was a mid-morning rest period of fifteen minutes, with lunch, and a mid-
afternoon rest of ten minutes. In period 11 when the operators did
not work on Saturday morning the daily output increased, but the weekly
output fell. But in period 12 when the girls went back to a full
forty-eight hour week with no rest periods or mid-morning lunch, there
was the same unexpected and continual increase. Period 13 which fol-
lowed was, as remarked above, the best yet recorded; in this period
the morning and afternoon rests and the lunch were restored.

This improvement was, in the language of the officials chiefly con-
cerned, “startling”; it was also a little puzzling. The change has been too
continuous and steady to be related, point for point, with the different
conditions imposed. Indeed when the group is put back into the origi-
nal conditions of work—forty-eight hours and no rests—the production
curve during weeks ignores the change and rises steadily as before. This
led the experimenters to look more carefully at the other changes ob-
served—organic changes and changes of mental attitude.

Organic Changes. 1t had been agreed from the first that, in the gen-
cral interest of the experiment, the operators should submit to periodic
examinations by one of the Company’s doctors. These examinations
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showed a small but distinct improvement in the general health of the
group. These examinations did not, however, dispose of the general
question of “fatigue.”

It is difficult to discuss the question of industrial fatigue because the
word is used with such a variety of meanings that, without careful defi-
nition, it is almost impossible to know the hypothesis or question in-
volved in the discussion. There is, for example, the physiological fa-
tigue that occurs as a consequence of heavy muscular work—“oxygen-
debt,” or, over a longer period, the depletion of reserves. There is an-
other disability, sometimes described as fatigue, which is occasionally
acutest before work begins. The last is obviously a mental disability—
due sometimes to “monotony” or to the effect of repetitive work. The
ideal method of procedure would be to record all the organic and mental
changes that occur in selected workers during the working day, to
relate the organic and mental changes to each other and to the situa-
tion. Since this procedure is not yet possible, or possible continuously,
one has to define more precisely the tentative questions one should ask.

In the Harvard Fatigue Laboratory, certain inquiries have been made
by Dr. Lawrence J. Henderson and his colleagues into the bio-chemical
changes which occur in the blood stream during active muscular exer-
cise. The following diagrams illustrate some of the differences that
reveal themselves in different individuals, of normal health, in the per-
formance of the same task. The first diagram® shows the effect of run-
ning at a rate of nearly six miles per hour upon the laboratory tread-
mill for a period of about twenty minutes. The upper shading repre-
sents increase in lactic acid content of the blood stream; the lower shows
diminution of total bicarbonates or ‘“alkali reserve.” No two indi-
viduals are alike; one shows no change at all from the resting condi-
tion; at the other end of the scale several show fatigue. The most
fatigued person is the youngest of the group, a boy of eighteen years;
the least fatigued is a man of forty years—but he happens to be De
Mar, the winner of many Marathon races. And the diagram illustrates
why De Mar has been able to win his Marathons—as compared with
other men, he is able to increase his exertion without disturbing his or-
ganic equilibrium. The other two diagrams—pulse rate in exercise, and
skill in running—illustrate the same fact—that the best man works in
a “steady state,” in a condition of organic equilibrium.

The possibility of direct application to industry of investigations of
this type is limited in these days, for the number of tasks demanding
heavy muscular exertion is diminishing. But the indirect application
is extensive and important ; the hypothesis or question that we have taken

8 Charts 3, 4, and 5 were prepared by the Harvard Fatigue Laboratory—D. B. Dill,
J. H. Talbott, H. T. Edwards.
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CHART 4
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from the work of our colleagues of the Fatigue Laboratory may be
conveniently expressed in the form of an assertion that an individual
cannot continue work, or production, unless he can simultaneously work
and maintain himself in a condition of organic equilibrium. Since one
finds few instances of actual “oxygen-debt” fatigue in industry, and
since this is in any case no more than a particular instance of unbal-
ance, one must look for other sources of disequilibrium, such as interfer-
ence of any kind with the individual’s capacity to attend what he is
doing.

First, however, one needs to find a convenient indicator of changes
of organic equilibrium. For some years we have experimented with
“pulse product” measurements and have found that these measurements
—eight to sixteen during the working day—provide a fairly satisfactory
indication of organic changes. The “pulse product” shows changes in
arterial tension and changes in rate of heartbeat. These changes to some
extent compensate each other but both increase with muscular exertion,
emotion and, in some degree, with attention. My colleague, O.S. Love-
kin, has made some attempt to relate changes in pulse product to the
changes measured by the Fatigue Laboratory. The two following dia-
grams show, first, the relation between pulse product and oxygen con-
sumption in three experimental subjects and, second, the difference in
pulse product between a trained and an untrained subject performing
the same measured task. In the latter diagram you will see again, as
in the laboratory experiments, that the trained subject does the same
work as the untrained subject at a lower and steadier pulse product;
that is to say, in a condition of superior organic equilibrium. On
several occasions these measurements have been made upon the girl op-
crators in the Western Electric test room. On every occasion the mea-
surements showed a low and steady pulse product in these workers as
compared with workers in the department outside. I show two dia-
grams—the one an average of the organic measurements of the test room
workers; the other average measurements made on the same day of
workers in a department outside. I should like in passing to point out
that this approach from the physiological laboratory to industry in-
volves a new conception of “work.” In former times “work” was con-
ceived as something that was “taken out of” the worker and wages were
paid him in compensation. These measurements, in the laboratory and in
industry, show that high production occurs when the worker is in a
“steady state,” when he is not only working but also maintaining his
organic equilibrium.

Changes of Mental Attitude. These health examinations and measure-
ments of organic condition during the working day served to assure the
experimenting group that they were not “speeding up” the workers or
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CHART 7
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in any way damaging their health. But the steady improvement in pro-
duction remained something of a mystery—not completely accounted for
by rest-periods and improvement in working conditions. The mental
attitude of the girls to their work and to their superior officers had
clearly improved; it became necessary to examine and assess this im-
provement.

The Company officer originally put in as observer had shown himself
to be particularly well adapted for the work. From the first he noted
carefully, and made records of, events and changes not specified as of
importance in the original routine plan. So he came to notice that one
of the girls showed a much diminished record of output during two
weeks of domestic crisis in her private affairs. The crisis happily over,
her production mounted once more to its former level. At this time it
helped her to talk the matter over with him and with her companions.
The girls soon came to feel that the observer was there as a sympathetic
listener and not as a gang-boss with fixed ideas about production. They
talked freely every day, they lost their original shyness, and they con-
fided to him most enlightening stories of the effect on them and others
of “bully-ragging” methods of supervision. That their liking for their
work increased is shown not merely by these confidences but also by their
record of absences which is only a fraction of the department average
or of their own former habit. So the provision of an impartial person
to observe change became itself the greatest change, and has led to a
complete revision of the Company’s conception of supervision, and of its
method of training supervisors. Whereas supervisors have generally
tended to be talkers and “drivers,” those who get the best results from
their workers are found to be good “listeners,” whose conception of
improvement rests upon betterment of working conditions rather than
the application of spurs or incentives to the workers. Increases of pro-
duction—quantity and quality—occur in response to social and physi-
cal improvement of conditions and not as the result of conscious effort;
in the majority of instances the worker, himself or herself, is as much
surprised by the improvement as the observer.

The next diagram, taken from another experimental group, is a sur-
prising instance of this. The charts show, first, the original low and
irregular production of the girl known as No. 5 of the mica-splitting
group; they also show her failure to improve or to keep pace with the
improvement of her colleagues. The charts show, second, that after a
considerable period of weeks, her production jumps to a previously un-
attainable high and steadies at the new level. But the charts alone do
not reveal the whole story. The girl suffered an exceedingly diffi-
cult home situation. As she became accustomed to the new conditions
of work she began to talk to the observer and to her fellow workers of
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her situation, and her preoccupations, once expressed, became less mor-
bid and more practical. Finally, during vacation, she determines of
her own accord to end the difficulty by going to live with some girl
friends. She does so and at once her production rises and steadies. Pro-
duction, as Mr. Pennock has said, shows very remarkably the “com-
bined effect” of all the factors in the situation.

On the basis of these observations, the Company has formulated a new
plan—that of “interviewing” all the forty thousand employees. This
plan is already in being, and has developed as unexpectedly and as sur-
prisingly as the original test-room experiment. The interviews are kept
carefully anonymous; neither fellow-workers nor high officials can trace
any comment to its source. The questionnaire method has been found
to be useless; the more fruitful approach to the individual is con-
versational and indirect. The person interviewed can talk of any topic
he chooses for as long as he likes to a trained “listener” provided by the
Company; he is paid his average earnings for the time thus spent. Al-
ready over thirteen thousand workers have been thus interviewed; the
effect has been an unquestioned improvement of morale in the plant and
a complete revision of the Company’s method of instructing supervisors.

The experiments I have reported have been made with workers en-
gaged upon highly mechanized and repetitive operations. The tenta-
tive conclusions drawn by the Company are something as follows:

1. Total daily output is increased by rest-periods and not decreased.
The rest period method has been extended to several departments, with
results analogous to those of the test-room.

2. The conditions of work during the working day have more effect on
production than the number of working days in the week.

3. “Outside” influences, i. e., conditions not directly relevant to the
task, tend to create either a buoyant or depressed spirit which is re-
flected in production. A distinct relationship is apparent between the
emotional status of the girls and the consistency of their output.

4. 'The method of the supervisor is the single most important “out-
side” influence. Home conditions may affect the worker and his work;
a supervisor who can “listen” and not “talk” can in many instances al-
most completely compensate such depressing influences.

5. Pay incentives do not stimulate production if other working con-
ditions are wrong. A second experimental group was given a pay in-
centive only; its production improved somewhat, but not to an extent
comparable with the original group. A third group was set to work
under the improved conditions, but without increased pay incentive; its
improvement was, and is, entirely comparable with the original group.

The general conclusion with respect to the mechanization of industry
that seems to be indicated by these inquiries is that the mechanization it-
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self is of no great importance in an industry that sets itself, intelligently
and diligently, to discover what human changes of method must accom-
pany the introduction of repetitive methods of work. We cannot make
individuals stupid; we may make them dissatisfied, psychoneurotic, or
restless. It is urgently necessary that industry should give as much atten-
tion to human as it has to material inquiry. With the institution of ade-
quate researches, physiological, psychological, and social, society has
nothing to fear from industrial mechanization.



