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| NTRODUCTI ON

Presi dent Roosevelt, in his address to the Governors at the Wite
House, prophetically remarked that "The conservati on of our
national resources is only prelimnary to the |arger question of
nati onal efficiency."”

The whol e country at once recogni zed the inportance of conserving
our material resources and a | arge novenent has been started which
will be effective in acconplishing this object. As yet, however, we
have but vaguely appreciated the inportance of "the |arger question
of increasing our national efficiency."

We can see our forests vani shing, our water-powers going to waste,
our soil being carried by floods into the sea; and the end of our
coal and our iron is in sight. But our |larger wastes of human
effort, which go on every day through such of our acts as are

bl undering, ill-directed, or inefficient, and which M Roosevelt
refers to as a lack of "national efficiency," are |ess visible,

| ess tangi bl e, and are but vaguely appreci at ed.

We can see and feel the waste of material things. Awkward,
inefficient, or ill-directed novenents of nmen, however, |eave
not hi ng vi sible or tangi ble behind them Their appreciation calls
for an act of nenory, an effort of the imagination. And for this
reason, even though our daily loss fromthis source is greater than
fromour waste of material things, the one has stirred us deeply,
whil e the other has noved us but little.



As yet there has been no public agitation for "greater nationa
efficiency,”" no neetings have been called to consider howthis is
to be brought about. And still there are signs that the need for
greater efficiency is widely felt.

The search for better, for nore conpetent nen, fromthe presidents
of our great conpani es down to our household servants, was never
nore vigorous than it is now. And nore than ever before is the
demand for conpetent men in excess of the supply.

What we are all |ooking for, however, is the ready-nade, conpetent
man; the man whom sone one el se has trained. It is only when we
fully realize that our duty, as well as our opportunity, lies in

systematically cooperating to train and to nake this conpetent man,
instead of in hunting for a man whom sone one el se has trained,
that we shall be on the road to national efficiency.

In the past the prevailing idea has been well expressed in the
sayi ng that "Captains of industry are born, not nmade" and the
theory has been that if one could get the right nman, nethods could
be safely left to him In the future it will be appreciated that
our | eaders nust be trained right as well as born right, and that
no great man can (with the old system of personal managenent) hope
to conpete with a nunber of ordinary nen who have been properly
organi zed so as efficiently to cooperate.

In the past the nman has been first; in the future the system nust
be first. This in no sense, however, inplies that great nen are not
needed. On the contrary, the first object of any good system nust
be that of developing first-class nmen; and under systematic
managenent the best man rises to the top nore certainly and nore
rapi dly than ever before.

Thi s paper has been witten:

First. To point out, through a series of sinple illustrations, the
great | oss which the whole country is suffering through
inefficiency in alnost all of our daily acts.

Second. To try to convince the reader that the renmedy for this
inefficiency lies in systemati c managenent, rather than in
searching for sonme unusual or extraordinary man.

Third. To prove that the best managenent is a true science, resting
upon clearly defined | aws, rules, and principles, as a foundation.
And further to show that the fundanental principles of scientific



managenent are applicable to all kinds of human activities, from
our sinplest individual acts to the work of our great corporations,
which call for the nost el aborate cooperation. And, briefly,
through a series of illustrations, to convince the reader that
whenever these principles are correctly applied, results nust
foll ow which are truly astoundi ng.

This paper was originally prepared for presentation to The American
Soci ety of Mechani cal Engineers. The illustrations chosen are such
as, it is believed, wll especially appeal to engineers and to
managers of industrial and manufacturing establishnments, and al so
quite as nmuch to all of the nmen who are working in these
establishnments. It is hoped, however, that it will be clear to

ot her readers that the sanme principles can be applied wth equa
force to all social activities: to the nanagenent of our hones; the
managenent of our farns; the managenent of the business of our
tradesnen, large and small; of our churches, our philanthropic
institutions, our universities, and our governmental departnents.

CHAPTER | : FUNDAMENTALS OF SCI ENTI FI C MANAGEMENT

THE princi pal object of managenent should be to secure the maxi mum
prosperity for the enployer, coupled with the maxi num prosperity
for each enpl oyee.

The words "maxi mum prosperity"” are used, in their broad sense, to
mean not only large dividends for the conpany or owner, but the
devel opment of every branch of the business to its highest state of
excel | ence, so that the prosperity may be pernmanent.

In the same way naxi mum prosperity for each enpl oyee neans not only
hi gher wages than are usually received by nmen of his class, but, of
nmore i nportance still, it also neans the devel opnent of each man to
his state of nmaxi num efficiency, so that he may be able to do,
general | y speaki ng, the highest grade of work for which his natural
abilities fit him and it further means giving him when possible,
this class of work to do.

It would seemto be so self-evident that maximum prosperity for the
enpl oyer, coupled with maxi num prosperity for the enpl oyee, ought
to be the two | eadi ng objects of nmanagenent, that even to state
this fact should be unnecessary. And yet there is no question that,
t hroughout the industrial world, a |arge part of the organization
of enployers, as well as enployees, is for war rather than for
peace, and that perhaps the majority on either side do not believe
that it is possible so to arrange their nmutual relations that their



i nterests becone identical.

The majority of these nen believe that the fundanental interests of
enpl oyees and enpl oyers are necessarily antagonistic Scientific
managenent, on the contrary, has for its very foundation the firm
conviction that the true interests of the two are one and the sane;
that prosperity for the enployer cannot exist through a long term
of years unless it is acconpani ed by prosperity for the enpl oyee,
and vice versa; and that it is possible to give the workman what he
nost wants hi gh wages and the enpl oyer what he wants a | ow | abor
cost -- for his manufactures.

It is hoped that sonme at |east of those who do not synpathize with
each of these objects nay be led to nodify their views; that sone
enpl oyers, whose attitude toward their worknmen has been that of
trying to get the largest anount of work out of themfor the
smal | est possi ble wages, may be led to see that a nore |ibera
policy toward their nmen will pay them better; and that sone of

t hose worknen who begrudge a fair and even a large profit to their
enpl oyers, and who feel that all of the fruits of their |abor
shoul d belong to them and that those for whomthey work and the
capital invested in the business are entitled to little or nothing,
may be led to nodify these views.

No one can be found who will deny that in the case of any single
i ndi vidual the greatest prosperity can exist only when that

i ndi vi dual has reached his highest state of efficiency; that is,
when he is turning out his |argest daily output.

The truth of this fact is also perfectly clear in the case of two
men wor ki ng together. To illustrate: if you and your workman have
become so skilful that you and he together are making two pairs of
shoes in a day, while your conpetitor and his worknman are naking
only one pair, it is clear that after selling your two pairs of
shoes you can pay your workman nuch hi gher wages than your
conpetitor who produces only one pair of shoes is able to pay his
man, and that there will still be enough noney |eft over for you to
have a | arger profit than your conpetitor.

In the case of a nore conplicated manufacturing establishnent, it
shoul d al so be perfectly clear that the greatest pernmanent
prosperity for the workman, coupled with the greatest prosperity
for the enpl oyer, can be brought about only when the work of the
establishnent is done with the small est conbi ned expenditure of
human effort, plus nature's resources, plus the cost for the use of
capital in the shape of nmachines, buildings, etc. O, to state the
same thing in a different way: that the greatest prosperity can
exist only as the result of the greatest possible productivity of

t he nmen and machi nes of the establishnment that is, when each man



and each machine are turning out the |argest possible output;
because unl ess your nmen and your machines are daily turning out
nore work than others around you, it is clear that conpetition wll
prevent your paying higher wages to your worknen than are paid to

t hose of your conpetitor. And what is true as to the possibility of
payi ng hi gh wages in the case of two conpani es conpeting cl ose

besi de one another is also true as to whole districts of the
country and even as to nations which are in conpetition. In a word,
t hat maxi num prosperity can exist only as the result of maximum
productivity. Later in this paper illustrations will be given of
several conpani es which are earning |arge dividends and at the sane
time paying from 30 per cent to 100 per cent higher wages to their
men than are paid to simlar nen i medi ately around them and with
whose enpl oyers they are in conpetition. These illustrations wll
cover different types of work, fromthe nost elenentary to the nost
conpl i cat ed.

| f the above reasoning is correct, it follows that the nobst

i nportant object of both the worknmen and the nanagenent shoul d be
the training and devel opnment of each individual in the
establ i shnent, so that he can do (at his fastest pace and with the
maxi mum of efficiency) the highest class of work for which his
natural abilities fit him

These principles appear to be so self-evident that nmany nen may
think it alnost childish to state them Let us, however, turn to
the facts, as they actually exist in this country and in Engl and.
The English and American peoples are the greatest sportsnmen in the
wor | d. Whenever an Anerican wor kman pl ays baseball, or an English
wor kman plays cricket, it is safe to say that he strains every
nerve to secure victory for his side. He does his very best to nake
the I argest possible nunber of runs. The universal sentinment is so
strong that any man who fails to give out all there is in himin
sport is branded as a "quitter,” and treated with contenpt by those
who are around him

When the sanme workman returns to work on the follow ng day, instead
of using every effort to turn out the |argest possible anount of
work, in a majority of the cases this man deliberately plans to do
as little as he safely can -- to turn out far less work than he is
well able to do -- in many instances to do not nore than one-third
to one-half of a proper day's work. And in fact if he were to do
his best to turn out his |largest possible day's work, he would be
abused by his fell ow-workers for so doing, even nore than if he had
proved hinself a "quitter” in sport. Under working, that is,

deli berately working slowy so as to avoid doing a full day's work,
"soldiering," as it is called in this country, "hanging it out," as
it is called in England, "ca' cannie,” as it is called in Scotl and,
is alnobst universal in industrial establishnents, and prevails al so



to a large extent in the building trades; and the witer asserts

W thout fear of contradiction that this constitutes the greatest
evil with which the working-people of both England and Anerica are
now afflicted.

It will be shown later in this paper that doing away with sl ow

wor ki ng and "soldiering” in all its forns and so arrangi ng the

rel ati ons between enpl oyer and enpl oyee that each workman wil|l work
to his very best advantage and at his best speed, acconpani ed by
the intimte cooperation with the managenent and the hel p (which

t he workman shoul d receive) fromthe nmanagenent, would result on
the average in nearly doubling the output of each nan and each
machi ne. What ot her reforns, anong those which are being discussed
by these two nations, could do as nmuch toward pronoting prosperity,
toward the di mnution of poverty, and the alleviation of suffering?
Anmeri ca and Engl and have been recently agitated over such subjects
as the tariff, the control of the |large corporations on the one
hand, and of hereditary power on the other hand, and over vari ous
nore or |less socialistic proposals for taxation, etc. On these

subj ects both peopl es have been profoundly stirred, and yet hardly
a voice has been raised to call attention to this vastly greater
and nore inportant subject of "soldiering," which directly and
powerfully affects the wages, the prosperity, and the life of

al nost every working-man, and also quite as nuch the prosperity of
every industrial establishnment in the nation.

The elimnation of "soldiering”" and of the several causes of sl ow
wor ki ng woul d so | ower the cost of production that both our hone
and foreign markets would be greatly enlarged, and we could conpete
on nore than e en terns with our rivals. It wuld renove one of the
fundanental causes for dull tinmes, for |ack of enploynent, and for
poverty, and therefore would have a nore pernmanent and far-reaching
ef fect upon these m sfortunes than any of the curative renedies
that are now being used to soften their consequences. It would

i nsure hi gher wages and nake shorter working hours and better
wor ki ng and hone condi ti ons possi bl e.

Wiy is it, then, in the face of the self-evident fact that maxi num
prosperity can exist only as the result of the determ ned effort of
each workman to turn out each day his |argest possible day's work,
that the great majority of our nen are deliberately doing just the
opposite, and that even when the nen have the best of intentions
their work is in nost cases far fromefficient?

There are three causes for this condition, which may be briefly
sunmari zed as:

First. The fallacy, which has fromtinme i menorial been al nost
uni versal anong worknmen, that a nmaterial increase in the output of



each man or each machine in the trade would result in the end in
throwi ng a | arge nunber of nen out of work.

Second. The defective systens of managenent which are in comon
use, and which nmake it necessary for each workman to soldier, or
work slowy, in order that he may protect his own best interests.

Third. The inefficient rul e-of-thunb nmethods, which are stil
al nost universal in all trades and in practising which our worknen
waste a |arge part of their effort.

This paper will attenpt to show the enornmous gai ns which woul d
result fromthe substitution by our workmen of scientific for rule-
of -t hunb net hods.

To explain a little nore fully these three causes:

First. The great majority of workmen still believe that if they
were to work at their best speed they woul d be doing a great
injustice to the whole trade by throwing a | ot of nen out of work,
and yet the history of the devel opnent of each trade shows that
each i nprovenent, whether it be the invention of a new machi ne or
the introduction of a better nethod, which results in increasing

t he productive capacity of the nen in the trade and cheapening the
costs, instead of throwi ng nmen out of work nmake in the end work for
nore men.

The cheapening of any article in common use al nost i medi ately
results in a largely increased demand for that article. Take the
case of shoes, for instance. The introduction of machinery for
doi ng every el ement of the work which was formerly done by hand has
resulted in maki ng shoes at a fraction of their former |abor cost,
and in selling themso cheap that now al nost every man, wonan, and
child in the working-classes buys one or two pairs of shoes per
year, and wears shoes all the tine, whereas fornerly each wor kman
bought perhaps one pair of shoes every five years, and went
bar ef oot nost of the time, wearing shoes only as a luxury or as a
matter of the sternest necessity. In spite of the enornously

i ncreased out put of shoes per workman, which has cone with shoe
machi nery, the demand for shoes has so increased that there are
relatively nore men working in the shoe industry now than ever

bef ore.

The worknen in al nost every trade have before them an object |esson
of this kind, and yet, because they are ignorant of the history of
their own trade even, they still firmy believe, as their fathers
did before them that it is against their best interests for each
man to turn out each day as nmuch work as possi bl e.



Under this fallacious idea a | arge proportion of the worknmen of
both countries each day deliberately work slowy so as to curtai

t he output. Al nost every |abor union has nmade, or is contenplating
maki ng, rules which have for their object curtailing the output of
their nenbers, and those nen who have the greatest influence with
t he wor ki ng-people, the | abor | eaders as well as many people with
phi l anthropic feelings who are hel ping them are daily spreading
this fallacy and at the sanme tine telling themthat they are
over wor ked.

A great deal has been and is being constantly said about "sweat-
shop”" work and conditions. The witer has great synpathy with those
who are overwor ked, but on the whole a greater synpathy for those
who are under paid. For every individual, however, who is
overworked, there are a hundred who intentionally underwork --
greatly underwork -- every day of their lives, and who for this
reason deliberately aid in establishing those conditions which in
the end inevitably result in | ow wages. And yet hardly a single
voice is being raised in an endeavor to correct this evil.

As engi neers and managers, we are nore intimtely acquainted with
these facts than any other class in the community, and are
therefore best fitted to lead in a novenent to conbat this
fall aci ous i dea by educating not only the worknen but the whol e of
the country as to the true facts. And yet we are practically doing
nothing in this direction, and are leaving this field entirely in
t he hands of the |labor agitators (many of whom are m sinforned and
m s-gui ded), and of sentinentalists who are ignorant as to actua
wor ki ng condi ti ons.

Second. As to the second cause for soldiering -- the relations
whi ch exi st between enpl oyers and enpl oyees under al nost all of the
systens of nmanagenent which are in conmon use -- it is inpossible

in a fewwrds to nake it clear to one not famliar with this
problemwhy it is that the ignorance of enployers as to the proper
time in which work of various kinds should be done nmakes it for the
interest of the workman to "soldier."

The witer therefore quotes herewith froma paper read before The
Anmeri can Soci ety of Mechani cal Engineers. in June, 1903, entitled
"Shop Managenent,"” which it is hoped will explain fully this cause
for sol diering:

"This loafing or soldiering proceeds fromtwo causes. First, from
the natural instinct and tendency of nen to take it easy, which may
be called natural soldiering. Second, fromnore intricate second

t hought and reasoning caused by their relations with other nen,



whi ch may be called systematic sol diering.

"There is no question that the tendency of the average man (in al
wal ks of life) is toward working at a slow, easy gait, and that it
is only after a good deal of thought and observation on his part or
as a result of exanple, conscience, or external pressure that he
takes a nore rapid pace.

"There are, of course, nmen of unusual energy, vitality, and
anbition who naturally choose the fastest gait, who set up their
own standards, and who work hard, even though it nmay be agai nst
their best interests. But these few uncomon nmen only serve by
form ng a contrast to enphasize the tendency of the average.

"This common tendency to "take it easy' is greatly increased by
bringi ng a nunber of nen together on simlar work and at a uniform
standard rate of pay by the day.

"Under this plan the better nmen gradually but surely slow down
their gait to that of the poorest and | east efficient. Wen a
naturally energetic man works for a few days beside a | azy one, the
logic of the situation is unanswerable. 'Wy should | work hard
when that lazy fellow gets the sanme pay that | do and does only
hal f as nmuch work?

"A careful tinme study of men working under these conditions wll
di scl ose facts which are ludicrous as well as pitiable.

"To illustrate: The witer has tined a naturally energetic workman
who, while going and coming fromwork, would wal k at a speed of
fromthree to four mles per hour, and not infrequently trot hone
after a day's work. On arriving at his work he would i nmedi ately

sl ow down to a speed of about one mle an hour. \Wen, for exanple,
wheel i ng a | oaded wheel barrow, he would go at a good fast pace even
uphill in order to be as short a tine as possible under |oad, and

i medi ately on the return wal k sl ow down to a mle an hour,

i mprovi ng every opportunity for delay short of actually sitting
down. In order to be sure not to do nore than his | azy nei ghbor, he
woul d actually tire hinself in his effort to go slow

"These nen were working under a foreman of good reputation and

hi ghly thought of by his enpl oyer, who, when his attention was
called to this state of things, answered: 'Well, | can keep them
fromsitting down, but the devil can't nake them get a nove on
while they are at work.'

"The natural |aziness of nmen is serious, but by far the greatest
evil fromwhich both worknmen and enpl oyers are suffering is the



systematic soldiering which is al nost universal under all of the
ordi nary schenes of managenent and which results froma careful
study on the part of the worknmen of what will pronote their best
i nterests.

"The witer was nuch interested recently in hearing one small but
experienced gol f caddy boy of twelve explaining to a green caddy,
who had shown special energy and interest, the necessity of going
sl ow and | aggi ng behind his man when he cane up to the ball,
show ng himthat since they were paid by the hour, the faster they
went the |l ess noney they got, and finally telling himthat if he
went too fast the other boys would give hima I|icking.

"This represents a type of systematic soldiering which is not,
however, very serious, since it is done wth the know edge of the
enpl oyer, who can quite easily break it up if he w shes.

"The greater part of the systematic soldiering, however, is done by
the men with the deliberate object of keeping their enployers
i gnorant of how fast work can be done.

"So universal is soldiering for this purpose that hardly a

conpet ent workman can be found in a |arge establishnment, whether he
wor ks by the day or on piece work, contract work, or under any of
the ordinary systens, who does not devote a considerable part of
his tinme to studying just how sl ow he can work and still convinc6
his enpl oyer that he is going at a good pace.

"The causes for this are, briefly, that practically all enployers
det erm ne upon a maxi mum sum which they feel it is right for each
of their classes of enployees to earn per day, whether their nen
work by the day or piece.

"Each workman soon finds out about what this figure is for his
particul ar case, and he also realizes that when his enployer is
convinced that a man is capabl e of doing nore work than he has
done, he will find sooner or |ater sone way of conpelling himto do
it with little or no increase of pay.

"Enpl oyers derive their know edge of how much of a given class of
work can be done in a day fromeither their own experience, which
has frequently grown hazy with age, from casual and unsystematic
observation of their nen, or at best fromrecords which are kept,
showi ng the quickest time in which each job has been done. |In nany
cases the enployer will feel alnbst certain that a given job can be
done faster than it has been, but he rarely cares to take the
drastic neasures necessary to force nmen to do it in the quickest
time, unless he has an actual record proving conclusively how fast



the work can be done.

"It evidently becones for each man's interest, then, to see that no
job is done faster than it has been in the past. The younger and

| ess experienced nen are taught this by their elders, and al
possi bl e persuasi on and social pressure is brought to bear upon the
greedy and selfish nmen to keep them from maki ng new records which
result in tenporarily increasing their wages, while all those who
cone after themare nmade to work harder for the sane old pay.

"Under the best day work of the ordinary type, when accurate
records are kept of the amount of work done by each man and of his
ef ficiency, and when each nan's wages are raised as he inproves,
and those who fail torise to a certain standard are di scharged and
a fresh supply of carefully selected nen are given work in their

pl aces, both the natural |oafing and systematic sol diering can be

| argely broken up. This can only be done, however, when the nen are
t horoughly convinced that there is no intention of establishing
piece work even in the renote future, and it is next to inpossible
to make nen believe this when the work is of such a nature that

t hey believe piece work to be practicable. In nost cases their fear
of making a record which wll be used as a basis for piece work
W Il cause themto soldier as nmuch as they dare.

“I't is, however, under piece work that the art of systematic
soldiering is thoroughly devel oped; after a workman has had the
price per piece of the work he is doing |owered two or three tines
as a result of his having worked harder and increased his output,
he is likely entirely to | ose sight of his enployer's side of the
case and becone i nmbued with a grimdeterm nation to have no nore
cuts if soldiering can prevent it. Unfortunately for the character
of the workman, soldiering involves a deliberate attenpt to m sl ead
and deceive his enployer, and thus upright and straightforward

wor knen are conpell ed to becone nore or |ess hypocritical. The

enpl oyer is soon | ooked upon as an antagonist, if not an eneny, and
t he nutual confidence which should exi st between a | eader and his
men, the enthusiasm the feeling that they are all working for the
same end and will share in the results is entirely |acking.

"The feeling of antagoni smunder the ordinary piece-work system
becones in many cases so marked on the part of the nen that any
proposition made by their enployers, however reasonable, is |ooked
upon wi th suspicion, and sol diering becomes such a fixed habit that
men will frequently take pains to restrict the product of machines
whi ch they are running when even a large increase in output would

i nvolve no nore work on their part.”

Third. As to the third cause for slow work, considerable space wll
later in this paper be devoted to illustrating the great gain, both



to enpl oyers and enpl oyees, which results fromthe substitution of
scientific for rule-of-thunb nethods in even the smallest details
of the work of every trade. The enornous saving of tinme and
therefore increase in the output which it is possible to effect

t hrough elim nating unnecessary notions and substituting fast for

sl ow and inefficient notions for the nen working in any of our
trades can be fully realized only after one has personally seen the
i nprovenent which results froma thorough notion and tinme study,
made by a conpetent man

To explain briefly: owwng to the fact that the worknen in all of
our trades have been taught the details of their work by
observation of those imediately around them there are many

di fferent ways in conmon use for doing the sane thing, perhaps
forty, fifty, or a hundred ways of doing each act in each trade,
and for the sane reason there is a great variety in the inplenents
used for each class of work. Now, anong the various nethods and

i npl enents used in each el enent of each trade there is al ways one
met hod and one i npl enent which is quicker and better than any of
the rest. And this one best nethod and best inplenent can only be
di scovered or devel oped through a scientific study and anal ysis of
all of the nmethods and inplenments in use, together wi th accurate,
m nute, notion and tine study. This involves the gradual
substitution of science for rule of thunb throughout the nechanic
arts.

This paper will show that the underlying phil osophy of all of the
ol d systens of nmanagenent in comon use nakes it inperative that
each worknman shall be left with the final responsibility for doing
his job practically as he thinks best, with conparatively little
hel p and advice fromthe managenent. And it will al so show that
because of this isolation of worknmen, it is in nbst cases

i npossi ble for the men working under these systens to do their work
in accordance with the rules and | aws of a science or art, even
where one exi sts.

The witer asserts as a general principle (and he proposes to give
illustrations tending to prove the fact later in this paper) that
in alnost all of the nmechanic arts the science which underlies each
act of each workman is so great and anobunts to so nuch that the

wor kman who is best suited to actually doing the work is incapable
of fully understanding this science, wthout the guidance and help
of those who are working with himor over him either through |ack
of education or through insufficient nental capacity. In order that
the work may be done in accordance with scientific laws, it is
necessary that there shall be a far nore equal division of the
responsi bility between the managenent and the worknen than exists
under any of the ordinary types of nanagenent. Those in the
managenent whose duty it is to develop this science should al so



gui de and help the workman in working under it, and should assune a
much | arger share of the responsibility for results than under
usual conditions is assuned by the managenent.

The body of this paper will make it clear that, to work according
to scientific | aws, the managenent nust take over and perform nuch
of the work which is now left to the nen; alnost every act of the
wor kman shoul d be preceded by one or nore preparatory acts of the
managenent which enable himto do his work better and qui cker than
he ot herw se could. And each man should daily be taught by and
receive the nost friendly help fromthose who are over him instead
of being, at the one extrene, driven or coerced by his bosses, and
at the other left to his own unai ded devices.

This close, intinmate, personal cooperation between the managenent
and the nmen is of the essence of nodern scientific or task
managenent .

It will be shown by a series of practical illustrations that,
through this friendly cooperation, nanely, through sharing equally
in every day's burden, all of the great obstacles (above descri bed)
to obtaining the maxi mum out put for each man and each machine in

t he establishnment are swept away. The 30 per cent to 100 per cent

i ncrease in wages which the worknen are able to earn beyond what
they receive under the old type of managenent, coupled with the
daily intimte shoul der to shoul der contact with the managenent,
entirely renoves all cause for soldiering. And in a few years,
under this system the worknmen have before themthe object |esson
of seeing that a great increase in the output per man results in

gi ving enployment to nore nen, instead of throwi ng nmen out of work,
thus conpletely eradicating the fallacy that a |arger output for
each man will throw other nmen out of work.

It is the witer's judgnent, then, that while nuch can be done and
shoul d be done by witing and tal king toward educati ng not only

wor knen, but all classes in the community, as to the inportance of
obt ai ni ng t he maxi num out put of each man and each machine, it is
only through the adoption of nodern scientific managenent that this
great problemcan be finally solved. Probably nost of the readers
of this paper will say that all of this is nmere theory. On the
contrary, the theory, or philosophy, of scientific managenent is
just beginning to be understood, whereas the nanagenent itself has
been a gradual evol ution, extending over a period of nearly thirty
years. And during this tinme the enpl oyees of one conpany after
another, including a | arge range and diversity of industries, have
gradual |y changed fromthe ordinary to the scientific type of
managenent. At | east 50,000 worknen in the United States are now
enpl oyed under this system and they are receiving from 30 per cent
to 100 per cent higher wages daily than are paid to nen of simlar



cali ber with whomthey are surrounded, while the conpanies

enpl oyi ng them are nore prosperous than ever before. In these
conmpani es the output, per man and per machi ne, has on an average
been doubl ed. During all these years there has never been a single
stri ke anong the nmen working under this system In place of the
suspi ci ous wat chful ness and the nore or |ess open warfare which
characterizes the ordinary types of nanagenent, there is
universally friendly cooperation between the managenent and the
nmen.

Several papers have been witten, describing the expedi ents which
have been adopted and the details which have been devel oped under
scientific managenent and the steps to be taken in changing from
the ordinary to the scientific type. But unfortunately nost of the
readers of these papers have m staken the nmechanismfor the true
essence. Scientific managenent fundanentally consists of certain
broad general principles, a certain philosophy, which can be
applied in many ways, and a description of what any one nan or nen
may believe to be the best mechanismfor applying these genera
principles should in no way be confused with the principles

t hensel ves.

It is not here clained that any single panacea exists for all of
the troubl es of the working-people or of enployers. As |long as sone
peopl e are born lazy or inefficient, and others are born greedy and
brutal, as long as vice and crinme are with us, just so long will a
certain anount of poverty, msery, and unhappi ness be with us al so.
No system of managenent, no single expedient within the control of
any man or any set of nen can insure continuous prosperity to

ei ther worknmen or enployers. Prosperity depends upon so nmany
factors entirely beyond the control of any one set of nen, any
state, or even any one country, that certain periods wll

i nevitably cone when both sides nust suffer, nore or less. It is

cl ai med, however, that under scientific managenent the internedi ate
periods will be far nore prosperous, far happier, and nore free
fromdi scord and di ssension. And also, that the periods will be
fewer, shorter and the suffering less. And this will be
particularly true in any one town, any one section of the country,
or any one state which first substitutes the principles of
scientific managenent for the rule of thunb.

That these principles are certain to come into general use
practically throughout the civilized world, sooner or later, the
witer is profoundly convinced, and the sooner they cone the better
for all the people.

CHAPTER | 1: THE PRI NCI PLES OF SCI ENTI FI C MANAGEMENT



THE witer has found that there are three questions uppernost in
the m nds of nmen when they becone interested in scientific
managenent .

First. Wherein do the principles of scientific managenent differ
essentially fromthose of ordi nary nanagenent ?

Second. Why are better results attained under scientific managenent
t han under the other types?

Third. Is not the nost inportant problemthat of getting the right
man at the head of the conpany? And if you have the right nan
cannot the choice of the type of managenent be safely left to hinf

One of the principal objects of the follow ng pages will be to give
a satisfactory answer to these questions.

THE FI NEST TYPE OF ORDI NARY MANAGEMENT

Before starting to illustrate the principles of scientific
managenent, or "task managenent” as it is briefly called, it seens
desirable to outline what the witer believes will be recognized as

t he best type of managenent which is in comon use. This is done so
that the great difference between the best of the ordinary
managenent and scientific nanagenent may be fully appreciated.

In an industrial establishment which enploys say from500 to 1000
wor kmen, there will be found in many cases at |east twenty to
thirty different trades. The worknen in each of these trades have
had their know edge handed down to them by word of nouth, through
the many years in which their trade has been devel oped fromthe
primtive condition, in which our far-distant ancestors each one
practised the rudinents of many different trades, to the present
state of great and grow ng subdivision of |abor, in which each man
speci al i zes upon sone conparatively small class of work.

The ingenuity of each generation has devel oped qui cker and better
nmet hods for doing every elenent of the work in every trade. Thus

t he nmet hods which are nowin use nmay in a broad sense be said to be
an evol ution representing the survival of the fittest and best of

t he i deas whi ch have been devel oped since the starting of each
trade. However, while this is true in a broad sense, only those who
are intimately acquainted wth each of these trades are fully aware
of the fact that in hardly any elenment of any trade is their
uniformty in the nmethods which are used. Instead of having only
one way which is generally accepted as a standard, there are in



daily use, say, fifty or a hundred different ways of doing each

el emrent of the work. And a little thought will nake it clear that
this nmust inevitably be the case, since our nethods have been
handed down fromman to nman by word of nouth, or have, in nost
cases, been al nost unconsciously | earned through personal
observation. Practically in no instances have they been codified or
systematically anal yzed or described. The ingenuity and experience
of each generation of each decade, even, have w thout doubt handed
over better nethods to the next. This mass of rul e-of-thunb or
traditional know edge may be said to be the principal asset or
possessi on of every tradesman. Now, in the best of the ordinary
types of managenent, the managers recogni ze frankly the fact that
the 500 or 1000 worknmen, included in the twenty to thirty trades,
who are under them possess this mass of traditional know edge, a

| arge part of which is not in the possession of the nanagenent. The
managenent, of course, includes forenen and superintendents, who

t hensel ves have been in nost cases first-class workers at their
trades. And yet these foremen and superintendents know, better than
any one else, that their own know edge and personal skill falls far
short of the conbi ned know edge and dexterity of all the worknen
under them The nost experienced managers therefore frankly place
before their worknmen the problem of doing the work in the best and
nost econom cal way. They recogni ze the task before themas that of
i nduci ng each workman to use his best endeavors, his hardest work,
all his traditional know edge, his skill, his ingenuity, and his
good-will in a word, his "initiative," so as to yield the |argest
possible return to his enployer. The probl em before the nmanagenent,
then, may be briefly said to be that of obtaining the best
initiative of every workman. And the witer uses the word
“"initiative" in its broadest sense, to cover all of the good

qgual ities sought for fromthe nen.

On the other hand, no intelligent manager woul d hope to obtain in
any full neasure the initiative of his worknmen unless he felt that
he was giving them sonething nore than they usually receive from
their enployers. Only those anong the readers of this paper who
have been managers or who have worked thensel ves at a trade realize
how far the average workman falls short of giving his enployer his
full initiative. It is well within the mark to state that in

ni net een out of twenty industrial establishnents the worknen
believe it to be directly against their interests to give their
enpl oyers their best initiative, and that instead of working hard
to do the | argest possible amount of work and the best quality of
work for their enployers, they deliberately work as slowy as they
dare while they at the sane tine try to make those over them
believe that they are working fast.(1%)

The witer repeats, therefore, that in order to have any hope of
obtaining the initiative of his worknmen the manager nust give sone
special incentive to his nen beyond that which is given to the



average of the trade. This incentive can be given in several
different ways, as, for exanple, the hope of rapid pronotion or
advancenent; hi gher wages, either in the form of generous piecework
prices or of a prem umor bonus of sone kind for good and rapid
wor k; shorter hours of |abor; better surroundi ngs and working
conditions than are ordinarily given, etc., and, above all, this
speci al incentive should be acconpani ed by that personal
consideration for, and friendly contact wth, his worknmen which
cones only froma genuine and kindly interest in the welfare of
those under him It is only by giving a special inducenment or
"incentive" of this kind that the enpl oyer can hope even
approximately to get the "initiative" of his worknmen. Under the
ordi nary type of managenent the necessity for offering the workman
a special inducenent has conme to be so generally recognized that a
| arge proportion of those nost interested in the subject | ook upon
t he adoption of sone one of the nodern schenes for paying nen (such
as piece work, the prem um plan, or the bonus plan, for instance)
as practically the whol e system of nanagenent. Under scientific
managenent, however, the particular pay systemwhich is adopted is
nerely one of the subordinate el enents.

Broadly speaking, then, the best type of managenent in ordinary use
may be defined as nmanagenent in which the worknen give their best
initiative and in return receive sone special incentive fromtheir
enpl oyers. This type of nmanagenment will be referred to as the
managenent of "initiative and incentive" in contradistinction to
scientific managenent, or task managenent, with which it is to be
conpar ed.

The witer hopes that the managenent of "initiative and incentive"
w Il be recogni zed as representing the best type in ordinary use,
and in fact he believes that it will be hard to persuade the

aver age manager that anything better exists in the whole field than
this type. The task which the witer has before him then, is the
difficult one of trying to prove in a thoroughly convinci ng way
that there is another type of managenent which is not only better
but overwhel m ngly better than the nanagenent of "initiative and

i ncentive."

The universal prejudice in favor of the managenent of "initiative
and incentive" is so strong that no nmere theoretical advantages

whi ch can be pointed out will be Iikely to convince the average
manager that any other systemis better. It will be upon a series
of practical illustrations of the actual working of the two systens

that the witer will depend in his efforts to prove that scientific
managenent is so greatly superior to other types. Certain

el ementary principles, a certain philosophy, will however be
recogni zed as the essence of that which is being illustrated in al
of the practical exanples which will be given. And the broad



principles in which the scientific systemdiffers fromthe ordinary
or "rule-of-thunb" systemare so sinple in their nature that it
seens desirable to describe thembefore starting with the
illustrations.

Under the old type of managenent success depends al nost entirely
upon getting the "initiative" of the worknen, and it is indeed a
rare case in which this initiative is really attained. Under
scientific managenent the "initiative" of the worknen (that is,
their hard work, their good-will, and their ingenuity) is obtained
with absolute uniformty and to a greater extent than is possible
under the old system and in addition to this inprovenent on the
part of the nen, the managers assune new burdens, new duties, and
responsi bilities never dreaned of in the past. The nmanagers assune,
for instance, the burden of gathering together all of the

tradi tional know edge which in the past has been possessed by the
wor kmen and then of classifying, tabulating, and reducing this
know edge to rules, laws, and formul & which are i nmensely hel pf ul
to the workmen in doing their daily work. In addition to devel opi ng

a science in this way, the managenent take on three other types of
duti es which involve new and heavy burdens for thensel ves.

These new duties are grouped under four heads:

First. They devel op a science for each elenent of a man's work,
whi ch repl aces the old rul e-of-thunb nethod.

Second. They scientifically select and then train, teach, and
devel op the workman, whereas in the past he chose his own work and
trained hinself as best he coul d.

Third. They heartily cooperate with the nen so as to insure all of
the work being done in accordance with the principles of the
sci ence whi ch has been devel oped.

Fourth. There is an al nost equal division of the work and the
responsi bility between the managenent and the worknmen. The
managenent take over all work for which they are better fitted than
the worknen, while in the past alnost all of the work and the
greater part of the responsibility were thrown upon the nen.

It is this conbination of the initiative of the worknmen, coupled
wth the new types of work done by the managenent, that nakes
scientific managenent so nmuch nore efficient than the old plan.

Three of these el enents exist in nmany cases, under the managenent
of "initiative and incentive," in a snmall and rudi nentary way, but



they are, under this managenent, of mnor inportance, whereas under
scientific managenent they formthe very essence of the whole
system

The fourth of these elenents, "an al nost equal division of the
responsi bility between the managenent and the worknen," requires
further explanation. The phil osophy of the managenent of
“"initiative and incentive" nakes it necessary for each workman to
bear alnbst the entire responsibility for the general plan as well
as for each detail of his work, and in many cases for his

i mpl enents as well. In addition to this he nust do all of the
actual physical |abor. The devel opment of a science, on the other
hand, involves the establishnent of many rules, |laws, and fornul ae
whi ch repl ace the judgnent of the individual workman and whi ch can
be effectively used only after having been systematically recorded,
i ndexed, etc. The practical use of scientific data also calls for a
roomin which to keep the books, records, (2*) etc., and a desk for
the planner to work at. Thus all of the planning which under the
ol d system was done by the workman, as a result of his persona
experience, nmust of necessity under the new system be done by the
managenent in accordance with the [aws of the science; because even
if the workman was well suited to the devel opnment and use of
scientific data, it would be physically inpossible for himto work
at his machine and at a desk at the sane tinme. It is also clear
that in nost cases one type of nman is needed to plan ahead and an
entirely different type to execute the work.

The man in the planning room whose specialty under scientific
managenent is planning ahead, invariably finds that the work can be
done better and nore econom cally by a subdivision of the |abor;
each act of each nmechanic, for exanple, should be preceded by
various preparatory acts done by other nmen. And all of this

i nvol ves, as we have said, "an al nost equal division of the
responsibility and the work between the managenent and the

wor kman. "

To summari ze: Under the managenent of "initiative and incentive"
practically the whole problemis "up to the workman," while under
scientific managenent fully one-half of the problemis "up to the
managenent . "

Per haps the nost prom nent single elenment in nodern scientific
managenent is the task idea. The work of every workman is fully

pl anned out by the nmanagenent at |east one day in advance, and each
man receives in nost cases conplete witten instructions,
describing in detail the task which he is to acconplish, as well as
the nmeans to be used in doing the work. And the work planned in
advance in this way constitutes a task which is to be sol ved, as
expl ai ned above, not by the workman al one, but in alnost all cases



by the joint effort of the workman and the managenent. This task
specifies not only what is to be done but howit is to be done and
the exact tine allowed for doing it. And whenever the workman
succeeds in doing his task right, and within the tinme limt

speci fied, he receives an addition of from 30 per cent to 100 per
cent to his ordinary wages. These tasks are carefully planned, so
that both good and careful work are called for in their
performance, but it should be distinctly understood that in no case
is the workman call ed upon to work at a pace which would be
injurious to his health. The task is always so regul ated that the
man who is well suited to his job will thrive while working at this
rate during a long termof years and grow happi er and nore
prosperous, instead of being overworked. Scientific managenent
consists very largely in preparing for and carrying out these

t asks.

The witer is fully aware that to perhaps nost of the readers of
this paper the four elenents which differentiate the new managenent
fromthe old will at first appear to be nerely high-soundi ng
phrases; and he woul d again repeat that he has no idea of
convincing the reader of their value nerely through announci ng
their existence. H's hope of carrying conviction rests upon
denonstrating the trenendous force and effect of these four

el ements through a series of practical illustrations. It will be
shown, first, that they can be applied absolutely to all classes of
work, fromthe nost elenentary to the nost intricate; and second,
that when they are applied, the results nust of necessity be
overwhel m ngly greater than those which it is possible to attain
under the managenent of initiative and incentive.

The first illustration is that of handling pig iron, and this work
is chosen because it is typical of perhaps the crudest and nost

el enentary form of |abor which is performed by man. This work is
done by nmen with no other inplenents than their hands. The pig-iron
handl er stoops down, picks up a pig weighing about 92 pounds, wal ks
for a few feet or yards and then drops it on to the ground or upon
a pile. This work is so crude and elenentary in its nature that the
witer firmy believes that it would be possible to train an
intelligent gorilla so as to becone a nore efficient pig-iron
handl er than any nman can be. Yet it will be shown that the science
of handling pig iron is so great and anmounts to so nmuch that it is
i npossible for the man who is best suited to this type of work to
understand the principles of this science, or even to work in
accordance with these principles without the aid of a man better
educated than he is. And the further illustrations to be given wll
make it clear that in alnost all of the mechanic arts the science
whi ch underlies each worknman's act is so great and ampunts to so
much that the workman who is best suited actually to do the work is
i ncapabl e (either through | ack of education or through insufficient
mental capacity) of understanding this science. This is announced



as a general principle, the truth of which will becone apparent as
one illustration after another is given. After show ng these four

el enents in the handling of pig iron, several illustrations will be
given of their application to different kinds of work in the field
of the mechanic arts, at intervals in a rising scale, beginning
with the sinplest and ending with the nore intricate forns of

| abor .

One of the first pieces of work undertaken by us, when the witer
started to introduce scientific nmanagenent into the Bethl ehem Steel
Conpany, was to handle pig iron on task work. The opening of the
Spani sh War found sone 80,000 tons of pig iron placed in snal

piles in an open field adjoining the works. Prices for pig iron had
been so low that it could not be sold at a profit, and it therefore
had been stored. Wth the opening of the Spanish War the price of
pig iron rose, and this |large accunulation of iron was sold. This
gave us a good opportunity to show the worknen, as well as the
owners and managers of the works, on a fairly large scale the
advant ages of task work over the ol d-fashioned day work and piece
work, in doing a very elenentary class of work.

The Bet hl ehem St eel Conpany had five blast furnaces, the product of
whi ch had been handled by a pig-iron gang for many years. This
gang, at this tine, consisted of about 75 nen. They were good,
average pig-iron handlers, were under an excellent foreman who

hi nsel f had been a pig-iron handler, and the work was done, on the
whol e, about as fast and as cheaply as it was anywhere el se at that
tinme.

Arailroad swtch was run out into the field, right along the edge
of the piles of pig iron. An inclined plank was pl aced agai nst the
side of a car, and each nman picked up fromhis pile a pig of iron
wei ghi ng about 92 pounds, wal ked up the inclined plank and dropped
it on the end of the car.

We found that this gang were | oading on the average about 12 1/2

| ong tons per man per day. We were surprised to find, after
studying the matter, that a first-class pig-iron handler ought to
handl e between 47(3*) and 48 |ong tons per day, instead of 12 1/2
tons. This task seened to us so very large that we were obliged to
go over our work several tines before we were absolutely sure that
we were right. Once we were sure, however, that 47 tons was a
proper day's work for a first-class pig-iron handler, the task

whi ch faced us as managers under the nodern scientific plan was
clearly before us. It was our duty to see that the 80,000 tons of
pig iron was | oaded on to the cars at the rate of 47 tons per nman
per day, in place of 12 1/2 tons, at which rate the work was then
bei ng done. And it was further our duty to see that this work was
done without bringing on a strike anong the nen, w thout any



quarrel with the nen, and to see that the nen were happier and
better contented when |loading at the newrate of 47 tons than they
were when | oading at the old rate of 12 1/2 tons.

Qur first step was the scientific selection of the workman. In
dealing with worknmen under this type of nmanagenent, it is an
inflexible rule to talk to and deal with only one man at a ti ne,

si nce each workman has his own special abilities and limtations,
and since we are not dealing with nmen in nasses, but are trying to
devel op each individual man to his highest state of efficiency and
prosperity. Qur first step was to find the proper workman to begin
with. We therefore carefully watched and studi ed these 75 nmen for
three or four days, at the end of which tine we had picked out four
men who appeared to be physically able to handle pig iron at the
rate of 47 tons per day. A careful study was then made of each of
t hese nen.

We | ooked up their history as far back as practicable and thorough
inquiries were nade as to the character, habits, and the anbition
of each of them Finally we selected one fromanong the four as the
nost likely man to start with. He was a little Pennsyl vani a

Dut chman who had been observed to trot back hone for a mle or so
after his work in the evening about as fresh as he was when he cane
trotting down to work in the norning. We found that upon wages of
$1.15 a day he had succeeded in buying a small plot of ground, and
that he was engaged in putting up the walls of a little house for
hinmself in the norning before starting to work and at night after

| eaving. He also had the reputation of being exceedingly "close,"
that is, of placing a very high value on a dollar. As one man whom
we tal ked to about himsaid, "A penny |ooks about the size of a
cart-wheel to him" This man we will call Schm dt. The task before
us, then, narrowed itself down to getting Schmdt to handle 47 tons
of pig iron per day and naking himglad to do it. This was done as
follows. Schm dt was called out fromanong the gang of pig-iron
handl ers and tal ked to somewhat in this way:

"Schm dt, are you a high-priced man?"
"Vell, | don't know vat you nean."

"Oh yes, you do. What | want to know is whether you are a high-
priced man or not."

“Vell, | don't know vat you nean."

"Ch, cone now, you answer ny questions. what | want to find out is
whet her you are a high-priced man or one of these cheap fellows
here. What | want to find out is whether you want to earn $1.85 a



day or whether you are satisfied with $1.15, just the sane as al
those cheap fellows are getting."

"Did I vant $1.85 a day? Vas dot a high-priced man? Vell, yes, |
vas a high-priced man."

"Ch, you're aggravating nme. OF course you want $1.85 a day every
one wants it! You know perfectly well that that has very little to
do with your being a high-priced man. For goodness' sake answer ny
guestions, and don't waste any nore of ny tine. Now cone over here.
You see that pile of pig iron?"

mn YeS. mn
"You see that car?"
n Yes. n

"Well, if you are a high-priced man, you will load that pig iron on
that car to-norrow for $1.85. Now do wake up and answer ny
question. Tell nme whether you are a high-priced man or not."

“"Vell -- did | got $1.85 for |oading dot pig iron on dot car to-
nor r ow?"

"Yes, of course you do, and you get $1.85 for loading a pile like
t hat every day right through the year. That is what a high-priced
man does, and you know it just as well as | do."

“"Vell, dot's all right. | could |oad dot pig iron on the car to-
nmorrow for $1.85, and | get it every day, don't |?"

"Certainly you do -- certainly you do."
"Vell, den, | vas a high-priced man."

"Now, hold on, hold on. You know just as well as | do that a high-
priced man has to do exactly as he's told fromnorning till night.
You have seen this man here before, haven't you?"

"No, | never saw him"
"Well, if you are a high-priced man, you will do exactly as this
man tells you to-norrow, fromnorning till night. Wien he tells you

to pick up a pig and wal k, you pick it up and you wal k, and when he
tells you to sit down and rest, you sit down. You do that right



strai ght through the day. And what's nore, no back tal k. Now a hi gh-
priced man does just what he's told to do, and no back tal k. Do you
understand that? Wien this man tells you to wal k, you wal k; when he
tells you to sit down, you sit down, and you don't talk back at

him Now you come on to work here to-nmorrow norning and 1"l know
bef ore ni ght whether you are really a high-priced man or not."

This seens to be rather rough talk. And indeed it would be if
applied to an educated nechanic, or even an intelligent |aborer.
Wth a man of the nentally sluggish type of Schmdt it is
appropriate and not unkind, since it is effective in fixing his
attention on the high wages which he wants and away fromwhat, if
it were called to his attention, he probably would consi der

i npossi bly hard wor k.

What would Schm dt's answer be if he were talked to in a manner
whi ch is usual under the nmanagenent of "initiative and incentive"?
say, as follows:

"Now, Schm dt, you are a first-class pig-iron handl er and know your
busi ness well. You have been handling at the rate of 12 1/2 tons
per day. | have given considerable study to handling pig iron, and
feel sure that you could do a nmuch [ arger day's work than you have
been doing. Now don't you think that if you really tried you could
handl e 47 tons of pig iron per day, instead of 12 1/2 tons?"

What do you think Schmidt's answer would be to this?

Schmi dt started to work, and all day |ong, and at regul ar

intervals, was told by the man who stood over himwi th a watch

"Now pick up a pig and wal k. Now sit down and rest. Now wal k -- now
rest," etc. He worked when he was told to work, and rested when he
was told to rest, and at half-past five in the afternoon had his 47
1/2 tons | oaded on the car. And he practically never failed to work
at this pace and do the task that was set himduring the three
years that the witer was at Bethl ehem And throughout this tinme he
averaged a little nore than $1.85 per day, whereas before he had
never received over $1.15 per day, which was the ruling rate of
wages at that time in Bethlehem That is, he received 60 per cent

hi gher wages than were paid to other nmen who were not working on
task work. One man after another was picked out and trained to
handle pig iron at the rate of 47 1/2 tons per day until all of the
pig iron was handled at this rate, and the nen were receiving 60
per cent nore wages than ot her workmen around them

The writer has given above a brief description of three of the four
el enents which constitute the essence of scientific nmanagenent:
first, the careful selection of the workman, and, second and third,



the method of first inducing and then training and hel ping the

wor kman to work according to the scientific nmethod. Nothing has as
yet been said about the science of handling pig iron. The witer
trusts, however, that before leaving this illustration the reader
wi |l be thoroughlyconvinced that there is a science of handling pig
iron, and further that this science amobunts to so nuch that the man
who is suited to handle pig iron cannot possibly understand it, nor
even work in accordance with the laws of this science, wthout the
hel p of those who are over him

The witer canme into the machi ne-shop of the Mdval e Steel Conpany
in 1878, after having served an apprenticeship as a pattern-nmaker
and as a machinist. This was close to the end of the | ong period of
depression follow ng the panic of 1873, and busi ness was S0 poor
that it was inpossible for many nmechanics to get work at their
trades. For this reason he was obliged to start as a day | aborer

i nstead of working as a nechanic. Fortunately for him soon after
he cane into the shop the clerk of the shop was found stealing.
There was no one el se avail able, and so, having nore education than
the other | aborers (since he had been prepared for college) he was
given the position of clerk. Shortly after this he was given work
as a machinist in running one of the |lathes, and, as he turned out
rather nore work than ot her machinists were doing on simlar

| at hes, after several nonths was made gangboss over the | athes.

Al nost all of the work of this shop had been done on piece work for
several years. As was usual then, and in fact as is still usual in
nost of the shops in this country, the shop was really run by the
wor knen, and not by the bosses. The worknen together had carefully
pl anned just how fast each job should be done, and they had set a
pace for each machi ne throughout the shop, which was limted to
about one-third of a good day's work. Every new wor kman who cane
into the shop was told at once by the other nmen exactly how nuch of
each kind of work he was to do, and unl ess he obeyed these

i nstructions he was sure before long to be driven out of the place
by the nen.

As soon as the witer was made gang-boss, one after another of the
men cane to himand tal ked sonewhat as foll ows:

"Now, Fred, we're very glad to see that you've been nade gang-boss.
You know the ganme all right, and we're sure that you're not likely
to be a piecework hog. You cone along with us, and everything wl|
be all right, but if you try breaking any of these rates you can be
m ghty sure that we'll throw you over the fence."

The witer told themplainly that he was now worki ng on the side of
t he managenent, and that he proposed to do whatever he could to get
a fair day's work out of the lathes. This inmediately started a



war; in nost cases a friendly war, because the nmen who were under

hi mwere his personal friends, but none the | ess a war, which as
time went on grew nore and nore bitter. The witer used every
expedient to make themdo a fair day's work, such as discharging or
| owering the wages of the nore stubborn nmen who refused to nmake any
i mprovenent, and such as |owering the piece-work price, hiring
green nen, and personally teaching themhow to do the work, wth
the prom se fromthemthat when they had | earned how, they woul d
then do a fair day's work. Wiile the nen constantly brought such
pressure to bear (both inside and outside the works) upon all those
who started to increase their output that they were finally

conpel led to do about as the rest did, or else quit. No one who has
not had this experience can have an idea of the bitterness which is
gradual | y devel oped in such a struggle. In a war of this kind the
wor kmen have one expedient which is usually effective. They use
their ingenuity to contrive various ways in which the machi nes

whi ch they are running are broken or damaged -- apparently by
accident, or in the regular course of work -- and this they al ways
lay at the door of the foreman, who has forced themto drive the
machi ne so hard that it is overstrained and is being ruined. And
there are few forenen i ndeed who are able to stand up agai nst the
conbi ned pressure of all of the nmen in the shop. In this case the
probl em was conplicated by the fact that the shop ran both day and
ni ght.

The witer had two advant ages, however, which are not possessed by
the ordinary foreman, and these cane, curiously enough, fromthe
fact that he was not the son of a working man.

First, owmng to the fact that he happened not to be of working
parents, the owners of the conpany believed that he had the
interest of the works nore at heart than the other worknen, and
they therefore had nore confidence in his word than they did in

t hat of the machinists who were under him So that, when the
machi ni sts reported to the Superintendent that the nmachi nes were
bei ng smashed up because an inconpetent foreman was overstraining
them the Superintendent accepted the word of the witer when he
said that these nen were deliberately breaking their machines as a
part of the piece-work war which was going on, and he al so all owed
the witer to nake the only effective answer to this Vandalism on
the part of the nen, nanely: "There will be no nore accidents to
the machines in this shop. If any part of a machine is broken the
man in charge of it nust pay at |least a part of the cost of its
repair, and the fines collected in this way will all be handed over
to the nutual beneficial association to help care for sick

wor kmen. " This soon stopped the wilful breaking of nmachines.

Second. If the witer had been one of the worknen, and had lived
where they |ived, they woul d have brought such social pressure to



bear upon himthat it would have been inpossible to have stood out
agai nst them He woul d have been called "scab" and other foul nanes
every tinme he appeared on the street, his wife would have been
abused, and his children woul d have been stoned. Once or tw ce he
was begged by some of his friends anong the worknmen not to wal k
home, about two and a half mles along the lonely path by the side
of the railway. He was told that if he continued to do this it
woul d be at the risk of his life. In all such cases, however, a
display of timdity is apt to increase rather than dimnish the
risk, so the witer told these nmen to say to the other nmen in the
shop that he proposed to wal k home every night right up that
railway track; that he never had carried and never would carry any
weapon of any kind, and that they could shoot and be d -- -- -.

After about three years of this kind of struggling, the output of
t he machi nes had been materially increased, in nmany cases doubl ed,
and as a result the witer had been pronoted from one gang-boss-
ship to another until he becane foreman of the shop. For any right-
m nded man, however, this success is in no sense a reconpense for
the bitter relations which he is forced to maintain with all of

t hose around him Life which is one continuous struggle with other
men is hardly worth living. H's workman friends cane to him
continually and asked him in a personal, friendly way, whether he
woul d advise them for their own best interest, to turn out nore
work. And, as a truthful man, he had to tell themthat if he were
in their place he would fight against turning out any nore work,
just as they were doing, because under the piecework systemthey
woul d be allowed to earn no nore wages than they had been earning,
and yet they woul d be nade to work harder

Soon after being made foreman, therefore, he decided to nake a
determ ned effort to in sonme way change the system of managenent,
so that the interests of the worknen and t he managenent shoul d
beconme the sane, instead of antagonistic. This resulted, sonme three
years later, in the starting of the type of nmanagenment which is
descri bed in papers presented to the American Society of Mechani cal
Engi neers entitled "A Piece-Rate Systenml and "Shop Managenent.™

In preparation for this systemthe witer realized that the

great est obstacle to harnoni ous cooperation between the worknen and
t he managenent lay in the ignorance of the managenent as to what
really constitutes a proper day's work for a workman. He fully
realized that, although he was foreman of the shop, the conbined
know edge and skill of the worknmen who were under himwas certainly
ten tines as great as his own. He therefore obtained the perm ssion
of M WIlliam Sellers, who was at that tinme the President of the

M dval e Steel Conpany, to spend sone noney in a careful, scientific
study of the time required to do various kinds of work.



M Sellers allowed this nore as a reward for having, to a certain
extent, "made good" as foreman of the shop in getting nore work out
of the nen, than for any other reason. He stated, however, that he
did not believe that any scientific study of this sort would give
results of nuch val ue.

Anong several investigations which were undertaken at this tine,
one was an attenpt to find sone rule, or |law, which would enable a
foreman to know i n advance how nuch of any kind of heavy | aboring
work a man who was well suited to his job ought to do in a day;

that is, to study the tiring effect of heavy |abor upon a first-
class man. Qur first step was to enploy a young col |l ege graduate to
| ook up all that had been witten on the subject in English,

German, and French. Two cl asses of experinents had been nade: one
by physi ol ogi sts who were studyi ng the endurance of the hunman
animal, and the other by engineers who wi shed to determ ne what
fraction of a horse-power a man-power was. These experinents had
been made | argely upon nmen who were lifting | oads by nmeans of
turning the crank of a winch fromwhich weights were suspended, and
ot hers who were engaged in wal king, running, and lifting weights in
various ways. However, the records of these investigations were so
nmeager that no | aw of any val ue coul d be deduced fromthem W
therefore started a series of experinents of our own.

Two first-class | aborers were selected, nmen who had proved

t hensel ves to be physically powerful and who were al so good steady
wor kers. These nen were paid doubl e wages during the experinents,
and were told that they nust work to the best of their ability at
all tinmes, and that we should nmake certain tests with them from
time to tine to find whether they were "sol di ering"” or not, and
that the nonent either one of themstarted to try to deceive us he
woul d be di scharged. They worked to the best of their ability

t hroughout the tinme that they were bei ng observed.

Now it nust be clearly understood that in these experinents we were
not trying to find the maxi mrumwork that a man could do on a short
spurt or for a few days, but that our endeavor was to | earn what
really constituted a full day's work for a first-class man; the
best day's work that a man could properly do, year in and year out,
and still thrive under. These nen were given all kinds of tasks,
whi ch were carried out each day under the close observation of the
young col | ege man who was conducting the experinents, and who at
the sane tine noted with a stop-watch the proper tinme for all of
the notions that were nmade by the nen. Every elenent in any way
connected with the work which we believed could have a bearing on
the result was carefully studied and recorded. Wat we hoped
ultimitely to determ ne was what fraction of a horse-power a nman
was able to exert, that is, how many foot-pounds of work a nan
could do in a day.



After conpleting this series of experinents, therefore, each man's
work for each day was translated into foot-pounds of energy, and to
our surprise we found that there was no constant or uniform

rel ati on between the foot-pounds of energy which the nan exerted
during a day and the tiring effect of his work. On sone kinds of
work the man woul d be tired out when doi ng perhaps not nore than
one-ei ghth of a horse-power, while in others he would be tired to
no greater extent by doing half a horse-power of work. W failed,
therefore, to find any | aw which was an accurate guide to the

maxi mum day's work for a first-class worknman.

A | arge anmount of very val uabl e data had been obtai ned, which
enabl ed us to know, for many kinds of |abor, what was a proper
day's work. It did not seemw se, however, at this time to spend
any nore noney in trying to find the exact |aw which we were after.
Sone years |ater, when nore noney was avail able for this purpose, a
second series of experinents was nade, simlar to the first, but
somewhat nore thorough. This, however, resulted as the first
experinments, in obtaining valuable information but not in the

devel opnent of a |l aw. Again, sone years later, a third series of
experinments was nmade, and this tine no trouble was spared in our
endeavor to make the work thorough. Every m nute el enent which
could in anyway affect the problemwas carefully noted and studi ed,
and two col | ege nen devoted about three nonths to the experinents.
After this data was again translated into foot-pounds of energy
exerted for each man each day, it becane perfectly clear that there
is no direct relation between the horse-power which a nman
exerts(that is, his foot-pounds of energy per day) and the tiring
effect of the work on the man. The witer, however, was quite as
firmy convinced as ever that sonme definite, clear-cut |aw existed
as to what constitutes a full day's work for a first-class |aborer,
and our data had been so carefully collected and recorded that he
felt sure that the necessary information was included sonmewhere in
the records. The problem of developing this law fromthe

accunul ated facts was therefore handed over to M Carl G Barth,
who is a better mathematician than any of the rest of us, and we
decided to investigate the problemin a new way, by graphically
representing each elenent of the work through plotting curves,

whi ch should give us, as it were, a bird s-eye view of every
elenment. In a conparatively short time M Barth had di scovered the
| aw governing the tiring effect of heavy |abor on a first-class
man. And it is so sinple in its nature that it is truly remarkable
that it should not have been di scovered and cl early understood
years before. The | aw which was devel oped is as foll ows:

The law is confined to that class of work in which the limt of a
man's capacity is reached because he is tired out. It is the | aw of
heavy | aboring, corresponding to the work of the cart horse, rather
than that of the trotter. Practically all such work consists of a



heavy pull or a push on the man's arns, that is, the man's strength
is exerted by either |lifting or pushing sonething which he grasps
in his hands. And the law is that for each given pull or push on
the man's arns it is possible for the workman to be under | oad for
only a definite percentage of the day. For exanple, when pig iron

i s being handl ed (each pig weighing 92 pounds), a first-class

wor kman can only be under | oad 43 per cent of the day. He nust be
entirely free fromload during 57 per cent of the day. And as the

| oad becones lighter, the percentage of the day under which the nman
can remai n under | oad increases. So that, if the workman is
handling a hal f-pig, weighing 46 pounds, he can then be under | oad
58 per cent of the day, and only has to rest during 42 per cent. As
t he weight grows lighter the man can remain under |oad during a

| arger and | arger percentage of the day, until finally a load is
reached which he can carry in his hands all day |ong w thout being
tired out. Wen that point has been arrived at this |aw ceases to
be useful as a guide to a | aborer's endurance, and sone other |aw
nmust be found which indicates the man's capacity for work.

When a | aborer is carrying a piece of pig iron weighing 92 pounds
in his hands, it tires himabout as nuch to stand still under the
load as it does to walk with it, since his arm nuscles are under
the sane severe tension whether he is noving or not. A man,
however, who stands still under a load is exerting no horse-power
what ever, and this accounts for the fact that no constant relation
could be traced in various kinds of heavy |aboring work between the
f oot - pounds of energy exerted and the tiring effect of the work on
the man. It will also be clear that in all work of this kind it is
necessary for the arns of the workman to be conpletely free from
load (that is, for the workman to rest) at frequent intervals.
Throughout the tine that the man is under a heavy |oad the tissues
of his armnuscles are in process of degeneration, and frequent
periods of rest are required in order that the blood may have a
chance to restore these tissues to their normal condition.

To return now to our pig-iron handlers at the Bethl ehem Stee
Conpany. If Schm dt had been allowed to attack the pile of 47 tons
of pig iron without the guidance or direction of a man who
understood the art, or science, of handling pig iron, in his desire
to earn his high wages he woul d probably have tired hinself out by
11 or 12 o'clock in the day. He would have kept so steadily at work
that his muscles woul d not have had the proper periods of rest

absol utely needed for recuperation, and he woul d have been

conpl etely exhausted early in the day. By having a man, however

who understood this |aw, stand over himand direct his work, day
after day, until he acquired the habit of resting at proper
intervals, he was able to work at an even gait all day |ong w thout
unduly tiring hinself.



Now one of the very first requirenents for a man who is fit to
handle pig iron as a regular occupation is that he shall be so
stupid and so phlegmatic that he nore nearly resenbles in his
ment al nmake-up the ox than any other type. The nman who is nentally
alert and intelligent is for this very reason entirely unsuited to
what woul d, for him be the grinding nonotony of work of this
character. Therefore the workman who is best suited to handling pig
iron is unable to understand the real science of doing this class
of work. He is so stupid that the word "percentage" has no neani ng
to him and he nust consequently be trained by a man nore
intelligent than hinself into the habit of working in accordance
with the laws of this science before he can be successful.

The witer trusts that it is now clear that even in the case of the
nost el enmentary formof |abor that is known, there is a science,
and that when the nman bestsuited to this class of work has been
carefully selected, when the science of doing the work has been
devel oped, and when the carefully selected nman has been trained to
work in accordance with this science, the results obtai ned nust of
necessity be overwhelmngly greater than those which are possible
under the plan of "initiative and incentive."

Let us, however, again turn to the case of these pig-iron handlers,
and see whether, under the ordinary type of nanagenent, it would
not have been possible to obtain practically the sane results.

The writer has put the probl em before many good nanagers, and asked
t hem whet her, under prem um work, piece work, or any of the

ordi nary plans of managenent, they would be likely even to

approxi mate 47 tons(4*) per man per day, and not a nman has
suggested that an output of over 18 to 25 tons could be attained by
any of the ordinary expedients. It will be renenbered that the

Bet hl ehem nen were | oading only 12 1/2 tons per nman.

To go into the matter in nore detail, however: As to the scientific
selection of the men, it is a fact that in this gang of 75 pig-iron
handl ers only about one nman in eight was physically capabl e of

handl ing 47 1/2 tons per day. Wth the very best of intentions, the
ot her seven out of eight nmen were physically unable to work at this
pace. Now the one nman in eight who was able to do this work was in
no sense superior to the other nen who were working on the gang. He
nerely happened to be a man of the type of the ox, no rare specinen
of humanity, difficult to find and therefore very highly prized. On
the contrary, he was a man so stupid that he was unfitted to do
nost ki nds of |aboring work, even. The selection of the man, then,
does not involve finding some extraordinary individual, but nerely
pi cking out from anong very ordinary nmen the few who are especially
suited to this type of work. Although in this particular gang only
one man in eight was suited to doing the work, we had not the



slightest difficulty in getting all the nen who were needed -- sone
of themfrominside of the works and others fromthe nei ghboring
country -- who were exactly suited to the job.

Under the nmanagenent of "initiative and incentive" the attitude of
t he managenent is that of "putting the work up to the worknen."
What |ikelihood woul d there be, then, under the old type of
managenent, of these nen properly selecting thenselves for pig-iron
handl i ng? Whuld they be likely to get rid of seven nen out of eight
fromtheir own gang and retain only the eighth man? No! And no
expedi ent coul d be devised which woul d nake these nen properly

sel ect thenselves. Even if they fully realized the necessity of
doing so in order to obtain high wages (and they are not
sufficiently intelligent properly to grasp this necessity), the
fact that their friends or their brothers who were working right

al ongsi de of themwould tenporarily be thrown out of a job because
they were not suited to this kind of work would entirely prevent
them from properly selecting thenselves, that is, fromrenoving the
seven out of eight men on the gang who were unsuited to pig-iron
handl i ng.

As to the possibility, under the old type of managenent, of

i nduci ng these pig-iron handlers (after they had been properly
selected) to work in accordance with the science of doing heavy

| abori ng, nanely, having proper scientifically determ ned periods
of rest in close sequence to periods of work. As has been indicated
before, the essential idea of the ordinary types of managenent is

t hat each workman has become nore skilled in his own trade than it
is possible for any one in the managenent to be, and that,
therefore, the details of how the work shall best be done nust be
left to him The idea, then, of taking one man after another and
training himunder a conpetent teacher into new working habits
until he continually and habitually works in accordance wth
scientific | aws, which have been devel oped by sone one else, is
directly antagonistic to the old idea that each workman can best
regul ate his own way of doing the work. And besides this, the nman
suited to handling pig iron is too stupid properly to train
hinmself. Thus it will be seen that with the ordinary types of
managenent the devel opnent of scientific know edge to replace rule
of thunmb, the scientific selection of the nmen, and inducing the nen
to work in accordance with these scientific principles are entirely
out of the question. And this because the phil osophy of the old
managenent puts the entire responsibility upon the worknmen, while

t he phil osophy of the new places a great part of it upon the
managenent .

Wth nost readers great synpathy will be aroused because seven out
of eight of these pig-iron handlers were thrown out of a job. This
synpathy is entirely wasted, because alnost all of themwere



i mredi ately given other jobs with the Bethl ehem Steel Conpany. And
indeed it should be understood that the renoval of these men from
pig-iron handling, for which they were unfit, was really a ki ndness
to thensel ves, because it was the first step toward finding them
work for which they were peculiarly fitted, and at which, after
recei ving proper training, they could permanently and legitimtely
earn hi gher wages.

Al t hough the reader nmay be convinced that there is a certain

sci ence back of the handling of pig iron, still it is nore than
likely that he is still skeptical as to the existence of a science
for doing other kinds of |aboring. One of the inportant objects of
this paper is to convince its readers that every single act of
every workman can be reduced to a science. Wth the hope of fully
convincing the reader of this fact, therefore, the witer proposes
to give several nore sinple illustrations fromanong the thousands
whi ch are at hand.

For exanple, the average nan woul d question whether there is nuch
of any science in the work of shoveling. Yet there is but little
doubt, if any intelligent reader of this paper were deliberately to
set out to find what may be called the foundati on of the science of
shoveling, that with perhaps 15 to 20 hours of thought and anal ysis
he woul d be al nost sure to have arrived at the essence of this
science. On the other hand, so conpletely are the rule-of-thunb
ideas still dominant that the witer has never net a single shovel
contractor to whomit had ever even occurred that there was such a
thing as the science of shoveling. This science is so elenentary as
to be al nost self-evident.

For a first-class shoveler there is a given shovel |oad at which he
will do his biggest day's work. What is this shovel |load? WII a
first-class man do nore work per day with a shovel |oad of 5
pounds, 10 pounds, 15 pounds, 20, 25, 30, or 40 pounds? Now this is
a question which can be answered only through carefully nade
experinments. By first selecting two or three first-class shovel ers,
and paying them extra wages for doing trustworthy work, and then
gradual |y varying the shovel |oad and having all the conditions
acconpanyi ng the work carefully observed for several weeks by nen
who were used to experinenting, it was found that a first-class man
woul d do his biggest day's work with a shovel |oad of about 21
pounds. For instance, that this nman woul d shovel a | arger tonnage
per day with a 21-pound |load than with a 24-pound |load or than with
an 18-pound | oad on his shovel. It is, of course, evident that no
shovel er can al ways take a | oad of exactly2l pounds on his shovel,
but neverthel ess, although his |oad may vary 3 or 4 pounds one way
or the other, either bel ow or above the 21 poundsl he will do his
bi ggest day's work when his average for the day is about 21 pounds.



The witer does not wwsh it to be understood that this is the whol e
of the art or science of shoveling. There are nmany ot her el enents,
whi ch together go to nake up this science. But he wi shes to
indicate the inportant effect which this one piece of scientific
know edge has upon the work of shoveling.

At the works of the Bethlehem Steel Conpany, for exanple, as a
result of this law, instead of allow ng each shoveler to select and
own his own shovel, it becane necessary to provide sone 8 to 10
different kinds of shovels, etc., each one appropriate to handling
a given type of material; not only so as to enable the nmen to
handl e an average | oad of 21 pounds, but also to adapt the shovel
to several other requirenments which becone perfectly evident when
this work is studied as a science. A large shovel tool room was
built, in which were stored not only shovels but carefully designed
and standardi zed | abor inplenments of all kinds, such as picks,
crowbars, etc. This nmade it possible to issue to each workman a
shovel which would hold a | oad of 21 pounds of whatever class of
material they were to handle: a small shovel for ore, say, or a

| arge one for ashes. Iron ore is one of the heavy materials which
are handled in a works of this kind, and rice coal, owng to the
fact that it is so slippery on the shovel, is one of the |ightest
materials. And it was found on studying the rul e-of-thunb plan at

t he Bet hl ehem St eel Conpany, where each shovel er owned his own
shovel, that he would frequently go fromshoveling ore, with a | oad
of about 30 pounds per shovel, to handling rice coal, with a | oad
on the sane shovel of |ess than 4 pounds. In the one case, he was
so overloaded that it was inpossible for himto do a full day's
work, and in the other case he was so ridicul ously underl oaded t hat
it was manifestly inpossible to even approxi mate a day's work.

Briefly to illustrate sone of the other elenents which go to nmake
up the science of shoveling, thousands of stop-watch observations
were made to study just how quickly a | aborer, provided in each
case with the proper type of shovel, can push his shovel into the
pile of materials and then draw it out properly |oaded. These
observations were nade first when pushing the shovel into the body
of the pile. Next when shoveling on a dirt bottom that is, at the
out si de edge of the pile, and next wwth a wooden bottom and
finally with an iron bottom Again a simlar accurate tinme study
was made of the time required to swing the shovel backward and then
throw the | oad for a given horizontal distance, acconpanied by a
given height. This tine study was nmade for various conbinations of
di stance and height. Wth data of this sort before him coupled
with the | aw of endurance described in the case of the pig-iron
handlers, it is evident that the man who is directing shovel ers can
first teach themthe exact nethods which shoul d be enpl oyed to use
their strength to the very best advantage, and can then assign them
daily tasks which are so just that the workman can each day be sure
of earning the |arge bonus which is paid whenever he successfully



perforns this task.

There were about 600 shovelers and | aborers of this general class
in the yard of the Bethl ehem Steel Conpany at this time. These nen
were scattered in their work over a yard which was, roughly, about
two mles long and half a mle wide. In order that each workman
shoul d be given his proper inplenment and his proper instructions
for doing each new job, it was necessary to establish a detail ed
systemfor directing nen in their work, in place of the old plan of
handling themin | arge groups, or gangs, under a few yard forenen.
As each workman canme into the works in the norning, he took out of
his own special pigeonhole, with his nunber on the outside, two

pi eces of paper, one of which stated just what inplenents he was to
get fromthe tool roomand where he was to start to work, and the
second of which gave the history of his previous day's work; that
is, a statenent of the work which he had done, how nuch he had
earned the day before, etc. Many of these nen were foreigners and
unable to read and wite, but they all knew at a glance the essence
of this report, because yell ow paper showed the man that he had
failed to do his full task the day before, and inforned himthat he
had not earned as much as $1.85 a day, and that none but high-
priced nmen would be allowed to stay permanently with this gang. The
hope was further expressed that he would earn his full wages on the
followi ng day. So that whenever the nen received white slips they
knew that everything was all right, and whenever they received
yell ow slips they realized that they nmust do better or they would
be shifted to sone other class of work.

Dealing with every workman as a separate individual in this way

i nvol ved the building of a |abor office for the superintendent and
clerks who were in charge of this section of the work. In this
office every | aborer's work was planned out well in advance, and

t he worknen were all noved from place to place by the clerks with
el aborate diagrans or naps of the yard before them very nuch as
chessnmen are noved on a chess-board, a tel ephone and nessenger
system having been installed for this purpose. In this way a | arge
anount of the tinme |ost through having too many nen in one pl ace
and too few in another, and through waiting between jobs, was
entirely elimnated. Under the old systemthe worknen were kept day
after day in conparatively |arge gangs, each under a single
foreman, and the gang was apt to remain of pretty nearly the sane
size whether there was nuch or little of the particular kind of
wor k on hand which this foreman had under his charge, since each
gang had to be kept |arge enough to handl e whatever work in its
special line was likely to cone al ong.

When one ceases to deal with nen in | arge gangs or groups, and
proceeds to study each workman as an individual, if the worknan
fails to do his task, some conpetent teacher should be sent to show



hi m exactly how his work can best be done, to guide, help, and
encourage him and, at the sanme tine, to study his possibilities as
a workman. So that, under the plan which individualizes each

wor kman, instead of brutally discharging the man or |Iowering his
wages for failing to nake good at once, he is given the tinme and
the help required to make himproficient at his present job, or he
is shifted to another class of work for which he is either nentally
or physically better suited.

All of this requires the kindly cooperation of the nanagenent, and
i nvol ves a nuch nore el aborate organi zati on and systemthan the ol d-
fashi oned herding of nmen in |large gangs. This organization
consisted, in this case, of one set of nmen, who were engaged in the
devel opnent of the science of laboring through tinme study, such as
has been descri bed above; another set of nen, nostly skilled

| aborers thensel ves, who were teachers, and who hel ped and gui ded
the men in their work; another set of tool-roomnen who provided
themw th the proper inplenents and kept themin perfect order, and
anot her set of clerks who planned the work well in advance, noved
the men with the least loss of tine fromone place to another, and
properly recorded each man's earnings, etc. And this furnishes an
el enentary illustration of what has been referred to as cooperation
bet ween t he nanagenent and the worknen.

The question which naturally presents itself is whether an

el aborat e organi zation of this sort can be nmade to pay for itself;
whet her such an organi zation is not top-heavy. This question wl|l
best be answered by a statenment of the results of the third year of
wor ki ng under this plan.

The nunber of yard | aborers was reduced from between 400 & 600 down
to about 140

Aver age nunber of tons per man per day went from 16 to 59
Aver age earnings per nman per day went from$i.15 to $1.88

Average cost of handling a ton of 2240 |Ibs went from $0.072 down to
$0. 033

And in computing the | ow cost of $0.033 per ton, the office and
t ool -room expenses, and the wages of all |abor superintendents,
forenmen, clerks, tinme-study nmen, etc., are included.

During this year the total saving of the new plan over the old



amounted to $36,417.69, and during the six nonths foll ow ng, when
all of the work of the yard was on task work, the saving was at the
rate of between $75,000 and $80, 000 per year.

Per haps the nost inportant of all the results attained was the
effect on the worknen thensel ves. A careful inquiry into the
condition of these nmen devel oped the fact that out of the 140

wor knmen only two were said to be drinking nen. This does not, of
course, inply that many of them did not take an occasional drink.
The fact is that a steady drinker would find it al nost inpossible
to keep up with the pace which was set, so that they were
practically all sober. Many, if not nost of them were saving
noney, and they all lived better than they had before. These nen
constituted the finest body of picked |aborers that the witer has
ever seen together, and they | ooked upon the nmen who were over
them their bosses and their teachers, as their very best friends;
not as nigger drivers, forcing themto work extra hard for ordinary
wages, but as friends who were teaching them and hel ping themto
earn nuch hi gher wages than they had ever earned before. It would
have been absolutely inpossible for any one to have stirred up
strife between these nen and their enployers. And this presents a
very sinple though effective illustration of what is neant by the
words "prosperity for the enployee, coupled with prosperity for the
enpl oyer," the two principal objects of managenent. It is evident
al so that this result has been brought about by the application of
the four fundanental principles of scientific nmanagenent.

As another illustration of the value of a scientific study of the
notives which influence worknen in their daily work, the | oss of
anbition and initiative will be cited, which takes place in worknen
when they are herded into gangs instead of being treated as
separate individuals. A careful analysis had denonstrated the fact
t hat when wor knen are herded together in gangs, each man in the
gang becones far less efficient than when his personal anbition is
stinmul ated; that when nmen work in gangs, their individual
efficiency falls alnost invariably down to or below the |evel of
the worst man in the gang; and that they are all pulled down

i nstead of being el evated by being herded together. For this reason
a general order had been issued in the Bethlehem Steel Wrks that
not nore than four nmen were to be allowed to work in a | abor gang
wi thout a special permt, signed by the General Superintendent of
the works, this special permt to extend for one week only. it was
arranged that as far as possible each | aborer should be given a
separate individual task. As there were about 5000 nen at work in
the establishnent, the General Superintendent had so nmuch to do
that there was but little tine left for signing these specia
permts.

After gang work had been by this nmeans broken up, an unusually fine



set of ore shovel ers had been devel oped, through careful selection
and individual, scientific training. Each of these nen was given a
separate ear to unl oad each day, and his wages depended upon his
own personal work. The man who unl oaded the | argest amount of ore
was pai d the highest wages, and an unusual opportunity cane for
denonstrating the inportance of individualizing each workman. Mich
of this ore canme fromthe Lake Superior region, and the sane ore
was delivered both in Pittsburg and in Bethlehemin exactly simlar
cars. There was a shortage of ore handlers in Pittsburg, and
hearing of the fine gang of |aborers that had been devel oped at
Bet hl ehem one of the Pittsburg steel works sent an agent to hire

t he Bet hl ehem nen. The Pittsburg nen offered 4 9/10 cents a ton for
unl oadi ng exactly the sane ore, with the sane shovels, fromthe
sanme cars, that were unloaded in Bethlehemfor 3 2/10 cents a ton.
After carefully considering this situation, it was decided that it
woul d be unwise to pay nore than 3 2/10 cents per ton for unl oading
t he Bet hl ehem cars, because, at this rate, the Bethlehem | aborers
were earning a little over $1.85 per man per day, and this price
was 60 per cent nore than the ruling rate of wages around
Bet hl ehem

A long series of experinents, coupled with close observation, had
denonstrated the fact that when worknen of this caliber are given a
carefully neasured task, which calls for a big day's work on their
part, and that when in return for this extra effort they are paid
wages up to 60 per cent beyond the wages usually paid, that this
increase in wages tends to nmake themnot only nore thrifty but
better nen in every way; that they live rather better, begin to
save noney, becone nore sober, and work nore steadily. When, on the
ot her hand, they receive nmuch nore than a 60 per cent increase in
wages, many of themw Il work irregularly and tend to becone nore
or less shiftless, extravagant, and dissipated. Qur experinents
showed, in other words, that it does not do for nbst men to get
rich too fast.

After deciding, for this reason, not to raise the wages of our ore
handl ers, these nmen were brought into the office one at a tine, and
tal ked to sonewhat as foll ows:

"Now, Patrick, you have proved to us that you are a high-priced
man. You have been earning every day a little nore than $1.85, and
you are just the sort of nman that we want to have in our ore-

shovel ing gang. A man has cone here fromPittsburg, who is offering
4 9/ 10 cents per ton for handling ore while we can pay only 3 2/10
cents per ton. | think, therefore, that you had better apply to
this man for a job. O course, you know we are very sorry to have
you | eave us, but you have proved yourself a high-priced man, and
we are very glad to see you get this chance of earning nore noney.
Just remenber, however, that at any tinme in the future, when you



get out of a job, you can always cone right back to us. There w |
al ways be a job for a high-priced man |ike you in our gang here."

Al nost all of the ore handlers took this advice, and went to
Pittsburg, but in about six weeks nobst of themwere again back in
Bet hl ehem unl oading ore at the old rate of 3 2/10 cents a ton. The
witer had the following talk with one of these nen after he had
returned:

"Patrick, what are you doing back here? | thought we had gotten rid
of you."

"Well, sir, I'"Il tell you howit was. Wien we got out there Jimy
and | were put on to a car with eight other nmen. W started to
shovel the ore out just the sanme as we do here. After about half an
hour | saw a little devil alongside of ne doing pretty near
nothing, so |l said to him "Wy don't you go to work? Unless we get
the ore out of this car we won't get any noney on pay-day.' He
turned to ne and said, '"Wwo in -- -- -- are you?" "'Wll,' | said,
"that's none of your business'; and the little devil stood up to ne
and said, 'You'll be mnding your own business, or |I'll throw you
off this car!" "Well, | could have spit on himand drowned him but
the rest of the nen put down their shovels and | ooked as if they
were going to back himup; so | went round to Jimmy and said (so
that the whole gang could hear it), 'Now, Jimy, you and | w ||
throw a shovel ful whenever this little devil throws one, and not
anot her shovelful.' So we watched him and only shovel ed when he
shovel ed. -- Wen pay-day canme around, though, we had | ess noney
than we got here at Bethlehem After that Jimy and | went in to

t he boss, and asked himfor a car to ourselves, the sanme as we got
at Bethlehem but he told us to mnd our own business. And when
anot her pay-day cane around we had | ess noney than we got here at
Bet hl ehem so Jimmy and | got the gang together and brought them
all back here to work again."

When wor ki ng each man for hinself, these nmen were able to earn

hi gher wages at 3 2/10 cents a ton than they could earn when they
were paid 4 9/10 cents a ton on gang work; and this again shows the
great gain which results fromworking according to even the nost

el ementary of scientific principles. But it also shows that in the
application of the nost elenentary principles it is necessary for
t he managenent to do their share of the work in cooperating with

t he worknen. The Pittsburg managers knew just how the results had
been attained at Bethlehem but they were unwilling to go to the
smal | troubl e and expense required to plan ahead and assign a
separate car to each shoveler, and then keep an individual record
of each man's work, and pay himjust what he had earned.

Bricklaying is one of the ol dest of our trades. For hundreds of



years there has been little or no i nprovenent nmade in the

i npl ements and materials used in this trade, nor in fact in the

nmet hod of laying bricks. In spite of the mllions of nmen who have
practised this trade, no great inprovenent has been evol ved for
many generations. Here, then, at |east, one would expect to find
but little gain possible through scientific analysis and study. M
Frank B. Gl breth, a nenber of our Society, who had hinself studied
bricklaying in his youth, becane interested in the principles of
scientific managenent, and decided to apply themto the art of
brickl aying. He made an intensely interesting analysis and study of
each novenent of the bricklayer, and one after another elim nated
all unnecessary novenents and substituted fast for slow notions. He
experinmented with every mnute el ement which in any way affects the
speed and the tiring of the brickl ayer.

He devel oped the exact position which each of the feet of the

bri ckl ayer should occupy with relation to the wall, the nortar box,
and the pile of bricks, and so made it unnecessary for himto take
a step or two toward the pile of bricks and back again each tine a
brick is |aid.

He studi ed the best height for the nortar box and brick pile, and

t hen designed a scaffold, with a table on it, upon which all of the
materials are placed, so as to keep the bricks, the nortar, the
man, and the wall in their proper relative positions. These
scaffolds are adjusted, as the wall grows in height, for all of the
brickl ayers by a | aborer especially detailed for this purpose, and
by this means the bricklayer is saved the exertion of stooping down
to the level of his feet for each brick and each trowel ful of
nmortar and then straightening up again. Think of the waste of
effort that has gone on through all these years, with each

bri ckl ayer | owering his body, weighing, say, 150 pounds, down two
feet and raising it up again every tine a brick (weighing about 5
pounds) is laid in the wall! And this each bricklayer did about one
t housand tines a day.

As a result of further study, after the bricks are unl oaded from
the cars, and before bringing themto the bricklayer, they are
carefully sorted by a | aborer, and placed with their best edge up
on a sinple wooden frane, constructed so as to enable himto take
hol d of each brick in the quickest tinme and in the nost

advant ageous position. In this way the bricklayer avoids either
having to turn the brick over or end for end to examne it before
laying it, and he saves, also, the tinme taken in deciding which is
the best edge and end to place on the outside of the wall. In npst
eases, also, he saves the tinme taken in disentangling the brick
froma disorderly pile on the scaffold. This "pack" of bricks (as
M G lbreth calls his | oaded wooden frames) is placed by the hel per
inits proper position on the adjustable scaffold close to the



nmortar box.

We have all been used to seeing bricklayers tap each brick after it
is placed on its bed of nortar several tines with the end of the
handl e of the trowel so as to secure the right thickness for the
joint. M Glbreth found that by tenpering the nortar just right,
the bricks could be readily bedded to the proper depth by a
downward pressure of the hand with which they are laid. He insisted
that his nortar m xers should give special attention to tenpering
the nortar, and so save the tine consuned in tapping the brick.

Through all of this mnute study of the notions to be nade by the
bri ckl ayer inlaying bricks under standard conditions, M G lbreth
has reduced his novenents from ei ghteen notions per brick to five,
and even in one case to as low as two notions per brick. He has
given all of the details of this analysis to the profession in the
chapter headed "Mdtion Study," of his book entitled "Bricklaying
System " published by Myron C. O erk Publishing Conpany, New York
and Chicago; E. F. N Spon, of London.

An anal ysis of the expedients used by M Glbreth in reducing the
noti ons of his bricklayers fromeighteen to five shows that this
i nprovenent has been made in three different ways:

First. He has entirely dispensed with certain novenments which the
bricklayers in the past believed were necessary; but which a
careful study and trial on his part have shown to be usel ess.

Second. He has introduced sinple apparatus, such as his adjustable
scaffold and his packets for holding the bricks, by neans of which,
with a very small anount of cooperation froma cheap | aborer, he
entirely elimnates a |lot of tiresone and time-consum ng notions
whi ch are necessary for the bricklayer who | acks the scaffold and

t he packet.

Third. He teaches his bricklayers to nake sinple notions with both
hands at the sane tine, where before they conpleted a notion with
the right hand and followed it later with one fromthe |eft hand.

For exanple, M G lbreth teaches his bricklayer to pick up a brick
in the left hand at the sane instant that he takes a trowel ful of
nortar with the right hand. This work with two hands at the sane
time is, of course, nade possible by substituting a deep nortar box
for the old nortar board (on which the nortar spread out so thin
that a step or two had to be taken to reach it) and then placing
the nortar box and the brick pile close together, and at the proper
hei ght on his new scaffol d.



These three kinds of inprovenents are typical of the ways in which
needl ess notions can be entirely elim nated and qui cker types of
novenents substituted for slow novenents when scientific notion
study, as M Glbreth calls his analysis, tine study, as the witer
has called simlar work, are applied in any trade.

Most practical nen would (know ng the opposition of alnost al
tradesnmen to maki ng any change in their nmethods and habits),
however, be skeptical as to the possibility of actually achieving
any large results froma study of this sort. M G lbreth reports
that a few nonths ago, in a large brick building which he erected,
he denonstrated on a commercial scale the great gain which is
possible frompractically applying his scientific study. Wth union

bricklayers, in laying a factory wall, twelve inches thick, wth
two kinds of brick, faced and ruled joints on both sides of the
wal |, he averaged, after his selected worknen had beconme skilful in

hi s new nmet hods, 350 bricks per man per hour; whereas the average
speed of doing this work with the old nethods was, in that section
of the country, 120 bricks per man per hour. H's bricklayers were
taught his new nethod of bricklaying by their foreman. These who
failed to profit by their teaching were dropped, and each man, as
he becane proficient under the new nethod, received a substantia
(not a small) increase in his wages. Wth a view to individualizing
hi s workmen and stinulating each man to do his best, M G lbreth
al so devel oped an ingeni ous nethod for neasuring and recording the
nunber of bricks laid by each man, and for telling each worknman at
frequent intervals how many bricks he had succeeded in |aying.

It is only when this work is conpared with the conditions which
prevail under the tyranny of some of our m sguided brickl ayers'
unions that the great waste of human effort which is going on wll
be realized. In one foreign city the bricklayers union have
restricted their men to 275 bricks per day on work of this
character when working for the city, and 375 per day when working
for private owners. The nenbers of this union are probably sincere
in their belief that this restriction of output is a benefit to
their trade. It should be plain to all nmen, however, that this
del i berate loafing is alnmost crimnal, in that it inevitably
results in making every workman's fam |y pay higher rent for their
housi ng, and also in the end drives work and trade away fromtheir
city, instead of bringing it to it.

Wiy is it, in a trade which has been continually practised since
before the Christian era, and with inplenments practically the sane
as they now are, that this sinplification of the bricklayer's
novenents, this great gain, has not been nade before?

It is highly likely that many tines during all of these years
i ndi vi dual bricklayers have recogni zed the possibility of



el imnating each of these unnecessary notions. But even if, in the
past, he did invent each one of M Gl breth's inprovenents, no

bri ckl ayer could al one increase his speed through their adoption
because it will be remenbered that in all cases several bricklayers
work together in a row and that the walls all around a buil ding
must grow at the sanme rate of speed. No one bricklayer, then, can
work much faster than the one next to him Nor has any one wor knman
the authority to nmake other nen cooperate with himto do faster

work. It is only through enforced standardi zati on of nethods,

enforced adoption of the best inplenents and working conditions,
and enforced cooperation that this faster work can be assured. And
the duty of enforcing the adoption of standards and of enforcing

this cooperation rests with the managenent al one. The nmanagenent
nmust supply continually one or nore teachers to show each new nan
the new and sinpler notions, and the slower nen nust be constantly
wat ched and hel ped until they have risen to their proper speed. All
of those who, after proper teaching, either will not or cannot work
in accordance with the new nmethods and at the higher speed nust be

di scharged by the nmanagenent. The managenent nust al so recogni ze
the broad fact that workmen will not submt to this nore rigid
standardi zation and will not work extra hard, unless they receive
extra pay for doing it.

Al'l of this involves an individual study of and treatnent for each
man, while in the past they have been handled in | arge groups.

The managenent nust al so see that those who prepare the bricks and
the nortar and adjust the scaffold, etc., for the bricklayers,
cooperate with them by doing their work just right and al ways on
time; and they nust also informeach bricklayer at frequent
intervals as to the progress he is naking, so that he may not
unintentionally fall off in his pace. Thus it wll be seen that it
is the assunption by the managenment of new duties and new ki nds of
wor k never done by enployers in the past that nakes this great

i nprovenent possible, and that, without this new help fromthe
managenent, the workman even with full know edge of the new nethods
and with the best of intentions could not attain these startling
results.

M Glbreth's nmethod of bricklaying furnishes a sinple illustration
of true and effective cooperation. Not the type of cooperation in
whi ch a nass of workmen on one side together cooperate with the
managenent; but that in which several nmen in the managenent (each
one in his own particular way) help each workman individually, on

t he one hand, by studying his needs and his shortcom ngs and
teachi ng himbetter and qui cker nethods, and, on the other hand, by
seeing that all other worknmen with whom he cones in contact help
and cooperate with himby doing their part of the work right and
fast.



The witer has gone thus fully into M Glbreth's nethod in order
that it may be perfectly clear that this increase in output and
that this harnmony could not have been attained under the managenent
of "initiative and incentive" (that is, by putting the problem up
to the workman and | eaving himto solve it alone) which has been

t he phil osophy of the past. And that his success has been due to
the use of the four elenents which constitute the essence of
scientific managenent.

First. The devel opnent (by the managenent, not the workman) of the
science of bricklaying, with rigid rules for each notion of every
man, and the perfection and standardi zation of all inplenents and
wor ki ng condi ti ons.

Second. The careful selection and subsequent training of the
bricklayers into first-class nmen, and the elimnation of all nen
who refuse to or are unable to adopt the best nethods.

Third. Bringing the first-class bricklayer and the science of

bri ckl ayi ng together, through the constant hel p and wat chful ness of
t he managenent, and through paying each man a |arge daily bonus for
wor ki ng fast and doing what he is told to do.

Fourth. An al nost equal division of the work and responsibility

bet ween t he workman and the managenent. All day | ong the managenent
wor k al nost side by side with the nen, hel ping, encouragi ng, and
snoothing the way for them while in the past they stood one side,
gave the nen but little help, and threw on to them al nost the
entire responsibility as to nmethods, inplenents, speed, and

har noni ous cooperati on.

O these four elenents, the first (the devel opnent of the science
of bricklaying) is the nost interesting and spectacul ar. Each of
the three others is, however, quite as necessary for success.

It must not be forgotten that back of all this, and directing it,
there nust be the optim stic, determ ned, and hard-working | eader
who can wait patiently as well as work.

In nost cases (particularly when the work to be done is intricate
inits nature) the "devel opnent of the science" is the nost

i nportant of the four great elenents of the new managenent. There
are instances, however, in which the "scientific selection of the
wor kman" counts for nore than anything el se.

A case of this type is well illustrated in the very sinple though



unusual work of inspecting bicycle balls. Wen the bicycle craze
was at its height sone years ago several mllion small balls nmade
of hardened steel were used annually in bicycle bearings. And anong
the twenty or nore operations used in nmaking steel balls, perhaps
the nost inportant was that of inspecting themafter final
polishing so as to renove all fire-cracked or otherw se inperfect
bal | s before boxing.

The witer was given the task of systematizing the | argest bicycle
ball factory in this country. This conpany had been running for
fromeight to ten years on ordinary day work before he undertook
its reorgani zation, so that the one hundred and twenty or nore
girls who were inspecting the balls were "old hands" and skilled at
their jobs. It is inpossible even in the nost elenentary work to
change rapidly fromthe old i ndependence of individual day work to
scientific cooperation.

I n nost cases, however, there exist certain inperfections in
wor ki ng conditi ons which can at once be inproved with benefit to
al | concerned.

In this instance it was found that the inspectors (girls) were
wor ki ng ten and one-half hours per day (with a Saturday half
hol i day. )

Their work consisted briefly in placing a row of small polished
steel balls on the back of the left hand, in the crease between two
of the fingers pressed together, and while they were rolled over
and over, they were mnutely examned in a strong light, and with
the aid of a magnet held in the right hand, the defective balls
were picked out and thrown into especial boxes. Four Kkinds of
defects were | ooked for -- dented, soft, scratched, and fire-
cracked -- and they were nostly so mnute as to be invisible to an
eye not especially trained to this work. It required the cl osest
attention and concentration, so that the nervous tension of the

i nspectors was considerable, in spite of the fact that they were
confortably seated and were not physically tired.

A nost casual study nade it evident that a very considerable part
of the ten and one-half hours during which the girls were supposed
to work was really spent in idleness because the working period was
too | ong.

It is a matter of ordinary conmon sense to plan working hours so
that the workers can really "work while they work” and "play while
they play,” and not m x the two.

Before the arrival of M Sanford E. Thonpson, who undertook a



scientific study of the whol e process, we decided, therefore, to
shorten the working hours.

The ol d foreman who had been over the inspecting roomfor years was
instructed to interview one after another of the better inspectors
and the nore influential girls and persuade themthat they could do
just as much work in ten hours each day as they had been doing in
ten and one-half hours. Each girl was told that the proposition was
to shorten the day's work to ten hours and pay themthe sane day's
pay they were receiving for the ten and one-half hours.

I n about two weeks the foreman reported that all of the girls he
had tal ked to agreed that they could do their present work just as
well in ten hours as in ten and one-half and that they approved of
t he change.

The witer had not been especially noted for his tact so he decided
that it would be wise for himto display a little nore of this
gquality by having the girls vote on the new proposition. This

deci sion was hardly justified, however, for when the vote was taken
the girls were unaninous that 10 1/2 hours was good enough for them
and they wanted no innovation of any kind.

This settled the matter for the tinme being. A few nonths |ater tact
was thrown to the winds and the working hours were arbitrarily
shortened in successive steps to 10 hours, 9 1/2, 9, and 8 1/2 (the
pay per day remaining the sane); and with each shortening of the
wor ki ng day the output increased instead of dimnishing.

The change fromthe old to the scientific nethod in this departnent
was made under the direction of M Sanford E. Thonpson, perhaps the
nost experienced man in notion and tinme study in this country,

under the general superintendence of M H L. Gautt.

In the Physiol ogi cal departnents of our universities experinents
are regularly conducted to determ ne what is known as the "personal
coefficient” of the man tested. This is done by suddenly bringing
some object, the letter A or B for instance, within the range of
vision of the subject, who, the instant he recognizes the letter
has to do sone definite thing, such as to press a particul ar
electric button. The tinme which el apses fromthe instant the letter
cones in view until the subject presses the button is accurately
recorded by a delicate scientific instrunment.

This test shows conclusively that there is a great difference in

t he "personal coefficient” of different nen. Sone individuals are
born with unusually quick powers of perception acconpani ed by quick
responsi ve action. Wth sone the nessage is al nost instantly



transmtted fromthe eye to the brain, and the brain equally
qui ckly responds by sendi ng the proper nessage to the hand.

Men of this type are said to have a | ow "personal coefficient,"”

whil e those of sl ow perception and sl ow action have a high
"personal coefficient.”

M  Thonpson soon recogni zed that the quality nost needed for

bi cycle ball inspectors was a | ow "personal coefficient.” O course
the ordinary qualities of endurance and industry were also called
for.

For the ultimte good of the girls as well as the conpany, however,
it becane necessary to exclude all girls who | acked a | ow "personal
coefficient.” And unfortunately this involved |aying off many of
the nost intelligent, hardest working, and nost trustworthy girls
nmerely because they did not possess the quality of quick perception
foll owed by quick action.

Wil e the gradual selection of girls was goi ng on ot her changes
were al so bei ng nade.

One of the dangers to be guarded agai nst, when the pay of the nman
or wonan is made in any way to depend on the quantity of the work
done, is that in the effort to increase the quantity the quality is
apt to deteriorate.

It is necessary in alnost all cases, therefore, to take definite
steps to insure against any falling off in quality before noving in
any way towards an increase in quantity.

In the work of these particular girls quality was the very essence.
They were engaged in picking out all defective balls.

The first step, therefore, was to nmake it inpossible for themto
slight their work without being found out. This was acconpli shed

t hrough what is known as over-inspection Each one of four of the
nmost trustworthy girls was given each day a |lot of balls to inspect
whi ch had been exam ned the day before by one of the regul ar

i nspectors; the nunber identifying the lot to be over-inspected
havi ng been changed by the foreman so that none of the over-

i nspectors knew whose work they were examning. In addition to this
one of the lots inspected by the four over-inspectors was exam ned
on the follow ng day by the chief inspector, selected on account of
her especial accuracy and integrity.

An effective expedi ent was adopted for checking the honesty and



accuracy of the over-inspection. Every two or three days a | ot of
ball s was especially prepared by the foreman, who counted out a
definite nunber of perfect balls, and added a recorded nunber of
defective balls of each kind. Neither the inspectors nor the over-
i nspectors had any neans of distinguishing this prepared | ot from
the regular comercial lots. And in this way all tenptation to
slight their work or make fal se returns was renoved.

After insuring in this way against deterioration in quality,
effective neans were at once adopted to increase the output.

| mproved day work was substituted for the old slipshod nethod. An
accurate daily record was kept both as to the quantity and quality
of the work done in order to guard agai nst any personal prejudice
on the part of the foreman and to insure absolute inpartiality and
justice for each inspector. In a conparatively short tinme this
record enabled the foreman to stir the anmbition of all the

i nspectors by increasing the wages of those who turned out a | arge
gquantity and good quality, while at the same tine |owering the pay
of those who did indifferent work and di schargi ng others who proved
to be incorrigibly slow or careless. A careful exam nation was then
made of the way in which each girl spent her tinme and an accurate
time study was undertaken, through the use of a stop-watch and
record bl anks, to determ ne how fast each kind of inspection should
be done, and to establish the exact conditions under which each
girl could do her quickest and best work, while at the sanme tine
guar di ng agai nst giving her a task so severe that there was danger
fromover fatigue or exhaustion. This investigation showed that the
girls spent a considerable part of their tine either in partia

i dl eness, talking and half working, or in actually doing nothing.

Even when the hours of |abor had been shortened from10 1/2 to 8
1/2 hours, a close observation of the girls showed that after about
an hour and one-half of consecutive work they began to get nervous.
They evidently needed a rest. It is wise to stop short of the point
at which overstrain begins, so we arranged for themto have a ten
m nutes period for recreation at the end of each hour and one
quarter. During these recess periods (two of ten mnutes each in
the norning and two in the afternoon) they were obliged to stop
wor k and were encouraged to | eave their seats and get a conplete
change of occupation by wal ki ng around and tal ki ng, etc.

I n one respect no doubt sone people will say that these girls were
brutally treated. They were seated so far apart that they could not
conveniently talk while at work.

Shortening their hours of |abor, however, and providing so far as
we knew t he nost favorable working conditions nade it possible for
themto really work steadily instead of pretending to do so.



And it is only after this stage in the reorgani zation is reached,
when the girls have been properly selected and on the one hand such
precauti ons have been taken as to guard agai nst the possibility of
over-driving them while, on the other hand, the tenptation to
slight their work has been renoved and the nost favorabl e working
condi ti ons have been established, that the final step should be
taken whi ch i nsures them what they nost want, nanely, high wages,
and the enpl oyers what they nost want, nanely, the maxi num out put
and best quality of work, -- which neans a | ow | abor cost.

This step is to give each girl each day a carefully neasured task
whi ch demands a full day's work froma conpetent operative, and
also to give her a large prem um or bonus whenever she acconpli shes
this task.

This was done in this case through establishing what is known as
differential rate piece work.(5*) Under this systemthe pay of each
girl was increased in proportion to the quantity of her output and
also still nore in proportion to the accuracy of her work.

As will be shown later, the differential rate (the |lots inspected
by the over-inspectors formng the basis for the differential)
resulted in a large gain in the quantity of work done and at the
sanme tinme in a marked inprovenent in the quality.

Before they finally worked to the best advantage it was found to be
necessary to neasure the output of each girl as often as once every
hour, and to send a teacher to each individual who was found to be
falling behind to find what was wong, to strai ghten her out, and
to encourage and help her to catch up.

There is a general principle back of this which should be

appreci ated by all of those who are especially interested in the
managenent of nmen. Areward, if it is to be effective in
stinmulating men to do their best work, nust cone soon after the
wor k has been done. But few men are able to | ook forward for nore
than a week or perhaps at nost a nonth, and work hard for a reward
which they are to receive at the end of this tine.

The average wor kman nust be able to neasure what he has
acconplished and clearly see his reward at the end of each day if
he is to do his best. And nore el enentary characters, such as the
young girls inspecting bicycle balls, or children, for instance,
shoul d have proper encouragenent either in the shape of persona
attention fromthose over themor an actual reward in sight as
often as once an hour.

This is one of the principal reasons why cooperation or "profit-



sharing" either through selling stock to the enployees or through
di vi dends on wages received at the end of the year, etc., have been
at the best only mldly effective in stimulating men to work hard.
The nice tinme which they are sure to have to-day if they take
things easily and go slowy proves nore attractive than steady hard
work with a possible reward to be shared with others six nonths

| ater. A second reason for the inefficiency of profit-sharing
schenes had been that no form of cooperation has yet been devi sed
in which each individual is allowed free scope for his persona
anbition. Personal anbition always has been and will remain a nore
powerful incentive to exertion than a desire for the general

wel fare. The few m spl aced drones, who do the |oafing and share
equally in the profits, with the rest, under cooperation are sure
to drag the better nen down toward their |evel

QG her and formdable difficulties in the path of cooperative
schenes are, the equitable division of the profits, and the fact
that, while worknen are always ready to share the profits, they are
neither able nor willing to share the | osses. Further than this, in
many cases, it is neither right nor just that they should share
either the profits or the | osses, since these may be due in great
part to causes entirely beyond their influence or control, and to
whi ch they do not contri bute.

To cone back to the girls inspecting bicycle balls, however, the
final outcone of all the changes was that thirty-five girls did the
work fornmerly done by one hundred and twenty. And that the accuracy
of the work at the higher speed was two-thirds greater than at the
former sl ow speed.

The good that cane to the girls was,

First. That they averaged from 80 to 100 per cent higher wages than
they fornerly received.

Second. Their hours of |abor were shortened from10 1/2 to 8 1/2
per day, with a Saturday half holiday. And they were given four
recreation periods properly distributed through the day, which nmade
overworkng inpossible for a healthy girl.

Third. Each girl was made to feel that she was the object of
especial care and interest on the part of the managenent, and that
i f anything went wong with hershe could al ways have a hel per and
teacher in the managenent to | ean upon

Fourth. Al young wonen shoul d be given two consecutive days of
rest (wth pay)each nonth, to be taken whenever they nmay choose. It



is nmy inpression that these girls were given this privil ege,
al though I amnot quite certain on this point.

The benefits which canme to the conpany fromthese changes were:

First. A substantial inprovenent in the quality of the product.

Second. A material reduction in the cost of inspection, in spite of

the extra expense involved in clerk work, teachers, tine study,
over-inspectors, and in paying higher wages.

Third. That the nost friendly relations exi sted between the
managenent and t he enpl oyees, which rendered | abor troubles of any
kind or a strike inpossible.

These good results were brought about by many changes which
substituted favorable for unfavorable working conditions. It should
be appreci ated, however, that the one elenent which did nore than
all of the others was, the careful selection of girls with quick
perception to replace those whose perceptions were slow -- (the
substitution of girls with a | ow personal coefficient for those
whose personal coefficient was high) -- the scientific selection of
t he workers.

The illustrations have thus far been purposely confined to the nore
el enentary types of work, so that a very strong doubt nust stil
remain as to whether this kind of cooperation is desirable in the
case of nore intelligent nmechanics, that is, in the case of nmen who
are nore capabl e of generalization, and who would therefore be nore
likely, of their own volition, to choose the nore scientific and
better nethods. The followng illustrations wll be given for the
pur pose of denonstrating the fact that in the higher classes of
work the scientific |aws which are devel oped are so intricate that
t he hi gh-priced nechanic needs (even nore than the cheap | aborer)

t he cooperation of men better educated than hinself in finding the
| aws, and then in selecting, developing, and training himto work
in accordance with these |laws. These illustrations should nake
perfectly clear our original proposition that in practically all of
the nechanic arts the science which underlies each workman's act is
so great and anmounts to so nuch that the workman who is best suited
to actually doing the work is incapable, either through |ack of
education or through insufficient nmental capacity, of understanding
this science.

A doubt, for instance, will remain in the m nds perhaps of nost
readers (in the case of an establishnment which manufactures the
sane machine, year in and year out, in large quantities, and in
whi ch, therefore, each nechanic repeats the sane limted series of



operations over and over again), whether the ingenuity of each

wor kman and the help which he fromtine to tine receives fromhis
foreman will not devel op such superior nethods and such a persona
dexterity that no scientific study which could be nade would result
in a mterial increase in efficiency.

A nunber of years ago a conpany enpl oyi ng about three hundred nen,
whi ch had been manufacturing the same machine for ten to fifteen
years, sent for us to report as to whether any gain could be nmade

t hrough the introduction of scientific nanagenent. Their shops had
been run for many years under a good superintendent and with
excel l ent forenmen and wor knen, on piece work. The whol e
establ i shnent was, w thout doubt, in better physical condition than
t he average nmachine-shop in this country. The superintendent was

di stinctly displeased when told that through the adoption of task
managenent the output, wth the sane nunber of nmen and machi nes,
could be nore than doubled. He said that he believed that any such
statenent was nere boasting, absolutely false, and instead of
inspiring himw th confidence, he was disgusted that any one should
make such an inmpudent claim He, however, readily assented to the
proposition that he should sel ect any one of the nachi nes whose

out put he considered as representing the average of the shop, and

t hat we should then denonstrate on this machine that through
scientific nmethods its output could be nore than doubl ed.

The machi ne selected by himfairly represented the work of the
shop. It had been run for ten or twelve years past by a first-class
nmechani ¢ who was nore than equal in his ability to the average
worknen in the establishnment. In a shop of this sort, in which
simlar machi nes are made over and over again, the work is
necessarily greatly subdivided, so that no one man works upon nore
than a conparatively small nunber of parts during the year. A
careful record was therefore nmade, in the presence of both parties,
of the time actually taken in finishing each of the parts which
this man worked upon. The total tinme required by himto finish each
piece, as well as the exact speeds and feeds which he took, were
noted, and a record was kept of the tinme which he took in setting
the work in the machine and renoving it. After obtaining in this
way a statenent of what represented a fair average of the work done
in the shop, we applied to this one machine the principles of
scientific managenent.

By nmeans of four quite elaborate slide-rules, which have been

especially made for the purpose of determning the all-round

capacity of netal -cutting machines, a careful analysis was made of
every elenment of this machine inits relation to the work in hand.
Its pulling power at its various speeds, its feeding capacity, and
its proper speeds were determ ned by neans of the slide-rules, and
changes were then nade in the countershaft and driving pulleys so



as torun it at its proper speed. Tools, nade of high-speed steel,
and of the proper shapes, were properly dressed, treated, and
ground. (It should be understood, however, that in this case the

hi gh- speed steel which had heretofore been in general use in the
shop was al so used in our denonstration.) A |large special slide-
rul e was then made, by nmeans of which the exact speeds and feeds
were indicated at which each kind of work could be done hi the
shortest possible tinme in this particular lathe. After preparing in
this way so that the workman should work according to the new

net hod, one after another, pieces of work were finished in the

| at he, corresponding to the work which had been done in our
prelimnary trials, and the gain in tinme made through running the
machi ne according to scientific principles ranged fromtwo and one-
half tines the speed in the slowest instance to nine tinmes the
speed in the highest.

The change fromrul e-of -t hunb managenent to scientific managenent

i nvol ves, however, not only a study of what is the proper speed for
doing the work and a renodeling of the tools and the inplenents in
t he shop, but also a conplete change in the nental attitude of al
the men in the shop toward their work and toward their enployers.
The physical inprovenents in the machines necessary to insure |arge
gains, and the notion study followed by mnute study with a stop-
watch of the tine in which each workman should do his work, can be
made conparatively quickly. But the change in the nental attitude
and in the habits of the three hundred or nore worknen can be
brought about only slowy and through a | ong series of object-

| essons, which finally denonstrates to each man the great advantage
which he will gain by heartily cooperating in his every-day work
with the nen in the nanagenent. Wthin three years, however, in
this shop, the output had been nore than doubl ed per nman and per
machi ne. The nen had been carefully selected and in al nost al

cases pronoted froma |ower to a higher order of work, and so
instructed by their teachers (the functional forenen) that they
were able to earn higher wages than ever before. The average
increase in the daily earnings of each man was about 35 per cent,
while, at the sane tinme, the sumtotal of the wages paid for doing
a given anmount of work was | ower than before. This increase in the
speed of doing the work, of course, involved a substitution of the
qui ckest hand nethods for the old i ndependent rul e-of-thunb

nmet hods, and an el aborate anal ysis of the hand work done by each
man. (By hand work is nmeant such work as depends upon the manua
dexterity and speed of a workman, and which is independent of the
wor k done by the nmachine.) The tinme saved by scientific hand work
was in nmany cases greater even than that saved in nmachi ne-worKk.

It seens inportant to fully explain the reason why, with the aid of
a slide-rule, and after having studied the art of cutting netals,

it was possible for the scientifically equi pped man, who had never
bef ore seen these particular jobs, and who had never worked on this



machi ne, to do work fromtw and one-half to nine tines as fast as
it had been done before by a good nechanic who had spent his whole
time for some ten to twelve years in doing this very work upon this
particul ar machine. In a word, this was possi bl e because the art of
cutting netals involves a true science of no small magnitude, a
science, in fact, so intricate that it is inpossible for any
machi ni st who is suited to running a | athe year in and year out
either to understand it or to work according to its | aws w thout
the help of nmen who have nade this their specialty. Men who are
unfam liar with machi ne-shop work are prone to | ook upon the

manuf acture of each piece as a special problem independent of any
ot her kind of machi ne-work. They are apt to think, for instance,

t hat the probl enms connected with making the parts of an engi ne
requi re the especial study, one nay say alnost the life study, of a
set of engi ne-maki ng nechani cs, and that these problens are
entirely different fromthose which would be nmet with in machini ng
| at he or planer parts. In fact, however, a study of those el enents
whi ch are peculiar either to engine parts or to lathe parts is
trifling, conpared with the great study of the art, or science, of
cutting netals, upon a know edge of which rests the ability to do
really fast nmachi ne-work of all kinds.

The real problemis howto renove chips fast froma casting or a
forging, and how to nmake the piece snoboth and true in the shortest
time, and it matters but little whether the piece being worked upon
is part, say, of a marine engine, a printing-press, or an
autonobile. For this reason, the man with the slide-rule, famliar
with the science of cutting netals, who had never before seen this
particul ar work, was able conpletely to distance the skilled
mechani ¢ who had nmade the parts of this machine his specialty for
years.

It is true that whenever intelligent and educated nmen find that the
responsi bility for making progress in any of the mechanic arts
rests wwth them instead of upon the worknmen who are actually

| aboring at the trade, then they alnost invariably start on the
road which | eads to the devel opnent of a science where, in the
past, has existed nere traditional or rule-of-thunb know edge. Wen
men, whose education has given themthe habit of generalizing and
everywhere | ooking for laws, find thenselves confronted with a
mul ti tude of problens, such as exist in every trade and whi ch have
a general simlarity one to another, it is inevitable that they
should try to gather these problens into certain |ogical groups,
and then search for sone general laws or rules to guide themin
their solution. As has been pointed out, however, the underlying
princi ples of the nmanagenent of "initiative and incentive," that

is, the underlying philosophy of this managenent, necessarily

| eaves the solution of all of these problens in the hands of each

i ndi vi dual wor kman, whil e the philosophy of scientific managenent

pl aces their solution in the hands of the managenent. The workman's



whole tine is each day taken in actually doing the work with his
hands, so that, even if he had the necessary education and habits
of generalizing in his thought, he lacks the tinme and the
opportunity for devel oping these | aws, because the study of even a
sinple law i nvolving say tine study requires the cooperation of two
men, the one doing the work while the other tines himwth a stop-
wat ch. And even if the workman were to devel op | aws where before
existed only rul e-of-thunb know edge, his personal interest would
| ead himal nost inevitably to keep his discoveries secret, so that
he coul d, by neans of this special know edge, personally do nore
wor k than other nmen and so obtain higher wages.

Under scientific managenent, on the other hand, it becones the duty
and al so the pleasure of those who are engaged in the nmanagenent
not only to develop laws to replace rule of thunb, but also to
teach inpartially all of the worknmen who are under themthe

qui ckest ways of working. The useful results obtained fromthese

| aws are always so great that any conpany can well afford to pay
for the tine and the experinents needed to devel op them Thus under
scientific managenent exact scientific know edge and net hods are
everywhere, sooner or later, sure to replace rule of thunb, whereas
under the old type of managenent working in accordance with
scientific laws is an inpossibility.

The devel opnent of the art or science of cutting netals is an apt
illustration of this fact. In the fall of 1880, about the tine that
the witer started to nake the experinents above referred to, to
determ ne what constitutes a proper day's work for a |aborer, he

al so obtained the permssion of M WIlliam Sellers, the President
of the Mdvale Steel Conpany, to nake a series of experinents to
determ ne what angl es and shapes of tools were the best for cutting
steel, and also to try to determ ne the proper cutting speed for
steel. At the tine that these experinments were started it was his
belief that they would not |ast |onger than six nonths, and, in
fact, if it had been known that a |onger period than this would be
required, the perm ssion to spend a considerable sum of noney in
maki ng them woul d not have been forthcom ng.

A 66-inch dianmeter vertical boring-mll was the first nmachi ne used
i n maki ng these experinents, and |large |oconotive tires, nade out
of hard steel of uniformaquality, were day after day cut up into
chips in gradually | earning howto nake, shape, and use the cutting
tools so that they would do faster work. At the end of six nonths
sufficient practical information had been obtained to far nore than
repay the cost of nmaterials and wages whi ch had been expended in
experinmenting. And yet the conparatively small nunber of
experinments which had been nade served principally to make it clear
that the actual know edge attai ned was but a small fraction of that
which still remained to be devel oped, and which was badly needed by



us, in our daily attenpt to direct and help the machinists in their
t asks.

Experinents in this field were carried on, wi th occasional
interruption, through a period of about 26 years, in the course of
which ten different experinmental machines were especially fitted up
to do this work. Between 30,000 and 50, 000 experinments were
carefully recorded, and nany ot her experinents were nmade, of which
no record was kept. In studying these | aws nore than 800, 000 pounds
of steel and iron was cut up into chips with the experinenta

tools, and it is estimated that from $150, 000 to $200, 000 was spent
in the investigation.

Wrk of this character is intensely interesting to any one who has
any love for scientific research. For the purpose of this paper,
however, it should be fully appreciated that the notive power which
kept these experinents going through many years, and which supplied
t he noney and the opportunity for their acconplishnent, was not an
abstract search after scientific know edge, but was the very
practical fact that we | acked the exact information which was
needed every day, in order to help our machinists to do their work
in the best way and in the quickest tinme.

Al'l of these experinents were made to enable us to answer correctly
the two questions which face every machini st each tinme that he does
a piece of work in a nmetal-cutting nachine, such as a | athe,

pl aner, drill press, or mlling nachine. These two questions are:
In order to do the work in the quickest tine, At what cutting speed
shall | run ny machi ne? And What feed shall | use?

They sound so sinple that they would appear to call for nerely the
trai ned judgnent of any good nechanic. In fact, however, after
wor ki ng 26 years, it has been found that the answer in every case
i nvolves the solution of an intricate nmathematical problem in

whi ch the effect of twelve independent variabl es nust be

det er m ned.

Each of the twelve follow ng variables has an inportant effect upon
t he answer. The figures which are given with each of the variables
represent the effect of this elenment upon the cutting speed. For
exanple, after the first variable (A) we quote, "The proportion is
as 1 in the case of sem -hardened steel or chilled iron to 100 in
the case of a very soft, |ow carbon steel." The neaning of this
guotation is that soft steel can be cut 100 tines as fast as the
hard steel or chilled iron. The ratios which are given, then, after
each of these elenments, indicate the w de range of judgnent which
practically every machini st has been called upon to exercise in the
past in determning the best speed at which to run the nmachi ne and
t he best feed to use.



(A) The quality of the nmetal which is to be cut; i.e., its hardness
or other qualities which affect the cutting speed. The proportion
is as 1 in the case of sem -hardened steel or chilled iron to 100
in the case of very soft, |ow carbon steel

(B) The chem cal conposition of the steel fromwhich the tool is
made, and the heat treatnent of the tool. The proportionis as 1 in
tools made fromtenpered carbon steel to 7 in the best high-speed

t ool s.

(C The thickness of the shaving, or, the thickness of the spiral
strip or band of netal which is to be renoved by the tool. The
proportion is as 1 with thickness of shaving 3/16 of an inch to 3
1/2 with thickness of shaving 1/64 of an inch.

(D) The shape or contour of the cutting edge of the tool. The
proportionis as 1 in a thread tool to 6 in a broad-nosed cutting
t ool .

(E) Whether a copious stream of water or other cooling nediumis
used on the tool. The proportion is as 1 for tool running dry to
1.41 for tool cooled by a copious stream of water.

(F) The depth of the cut. The proportion is as 1 with 1/2-inch
depth of cut to 1.36 with 1/8-inch depth of cut.

(G The duration of the cut, i.e., the tinme which a tool nust [ ast
under pressure of the shaving w thout being reground. The
proportion is as 1 when tool is to be ground every 1 1/2 hours to
1.20 when tool is to be ground every 20 m nutes.

(H The lip and cl earance angles of the tool. The proportion is as
1 with lip angle of 68 degrees to 1.023 with |ip angle of 61
degr ees.

(J) The elasticity of the work and of the tool on account of
produci ng chatter. The proportion is as 1 with tool chattering to
1.15 with tool running snoothly.

(K) The dianeter of the casting or forging which is being cut.

(L) The pressure of the chip or shaving upon the cutting surface of
t he tool

(M The pulling power and the speed and feed changes of the
machi ne.



It may seem preposterous to many people that it shoul d have
required a period of 26 years to investigate the effect of these
twel ve vari abl es upon the cutting speed of nmetals. To those,
however, who have had personal experience as experinenters, it wll
be appreciated that the great difficulty of the problemlies in the
fact that it contains so many variable elenents. And in fact the
great length of tinme consuned in nmaki ng each single experinent was
caused by the difficulty of holding el even vari abl es constant and
uni form t hr oughout the experinent, while the effect of the twelfth
vari abl e was being investigated. Hol ding the el even variabl es
constant was far nore difficult than the investigation of the

twel fth el ement.

As, one after another, the effect upon the cutting speed of each of
t hese variabl es was investigated, in order that practical use could
be made of this know edge, it was necessary to find a mat hemati ca
formul a which expressed in concise formthe |aws which had been
obt ai ned. As exanples of the twelve fornul & which were devel oped,
the three follow ng are given

P = 45, 000D14/ 15F3/4
V = 90/ T8
V = 11. 9/ FO. 665((48/ 3) *D) 0.2373 + (2.4/(18 + 24D))

After these | aws had been investigated and the various fornul e

whi ch nmat hematically expressed them had been determ ned, there
still remained the difficult task of how to solve one of these
conpl i cated mat hemati cal probl ens quickly enough to nake this

know edge avail able for every-day use. If a good nmat hematici an who
had these fornul ee before himwere to attenpt to get the proper
answer (i.e., to get the correct cutting speed and feed by worKking
in the ordinary way) it would take himfromtwo to six hours, say,
to solve a single problem far |longer to solve the mathenatica
probl em t han woul d be taken in nost cases by the worknmen in doing
the whole job in his machine. Thus a task of considerabl e magnitude
whi ch faced us was that of finding a quick solution of this

probl em and as we nmade progress in its solution, the whole problem
was fromtine to tinme presented by the witer to one after another
of the noted mathematicians in this country. They were offered any
reasonable fee for a rapid, practical nmethod to be used in its
solution. Some of these nen nerely glanced at it; others, for the
sake of being courteous, kept it before themfor sonme two or three
weeks. They all gave us practically the sane answer: that in nmany
cases it was possible to solve mathematical problens which
cont ai ned four variables, and in sone cases problens wth five or



six variables, but that it was manifestly inpossible to solve a
probl em contai ning twelve variables in any other way than by the
sl ow process of "trial and error."”

A qui ck solution was, however, so nuch of a necessity in our every-
day work of running nmachi ne-shops, that in spite of the snal

encour agenent received fromthe mathenatici ans, we continued at
irregul ar periods, through a termof fifteen years, to give a |arge
anount of time searching for a sinple solution. Four or five nen at
vari ous periods gave practically their whole tine to this work, and
finally, while we were at the Bethl ehem Steel Conpany, the slide-
rul e was devel oped which is illustrated on Fol der No.11 of the
paper "On the Art of Cutting Metals,” and is described in detail in
t he paper presented by M Carl G Barth to the American Society of
Mechani cal Engi neers, entitled "Slide-rules for the Machi ne-shop,
as a part of the Taylor System of Managenent" (Vol. XXV of The
Transactions of the Anmerican Society of Mechani cal Engineers). By
nmeans of this slide-rule, one of these intricate problens can be
solved in less than a half mnute by any good nechani c, whether he
under st ands anyt hi ng about mathematics or not, thus nmaking
avai | abl e for every-day, practical use the years of experinmenting
on the art of cutting netals.

This is a good illustration of the fact that sone way can al ways be
found of making practical, everyday use of conplicated scientific
data, which appears to be beyond the experience and the range of
the technical training of ordinary practical nmen. These slide-rules
have been for years in constant daily use by machinists having no
know edge of mathenmatics.

A glance at the intricate mathematical formul e (see page 109) which
represent the laws of cutting netals should clearly show the reason
why it is inpossible for any machinist, without the aid of these

| aws, and who depends upon his personal experience, correctly to
guess at the answer to the two questions, What speed shall | use?
What feed shall | use? even though he may repeat the sane piece of
wor k many tines.

To return to the case of the machinist who had been working for ten
to twelve years in nmachining the sane pieces over and over again,
there was but a renote chance in any of the various kinds of work
which this man did that he should hit upon the one best mnethod of
doi ng each piece of work out of the hundreds of possible nethods
which lay before him In considering this typical case, it nust

al so be renmenbered that the netal -cutting machi nes throughout our
machi ne- shops have practically all been speeded by their makers by
guesswor k, and wi thout the know edge obtai ned through a study of
the art of cutting netals. In the machi ne-shops systenmati zed by us
we have found that there is not one machine in a hundred which is



speeded by its nmakers at anywhere near the correct cutting speed.
So that, in order to conpete with the science of cutting netals,

t he machini st, before he could use proper speeds, would first have
to put new pulleys on the countershaft of his nachine, and al so
make in nost cases changes in the shapes and treatnent of his
tools, etc. Many of these changes are matters entirely beyond his
control, even if he knows what ought to be done.

If the reason is clear to the reader why the rul e-of-thunb

know edge obtai ned by the machini st who is engaged on repeat work
cannot possibly conpete with the true science of cutting netals, it
shoul d be even nore apparent why the high-class nechanic, who is
called upon to do a great variety of work fromday to day, is even
| ess able to conpete with this science. The high-class nechani c who
does a different kind of work each day, in order to do each job in
the quickest tinme, would need, in addition to a thorough know edge
of the art of cutting netals, a vast know edge and experience in

t he qui ckest way of doing each kind of hand work. And the reader,
by calling to mind the gain which was made by M G | breth through
his notion and tinme study in laying bricks, will appreciate the
great possibilities for quicker methods of doing all kinds of hand
work which lie before every tradesman after he has the hel p which
cones froma scientific notion and tinme study of his work.

For nearly thirty years past, tine-study nen connected with the
managenent of machi ne-shops have been devoting their whole tinme to
a scientific notion study, followed by accurate tine study, with a
stop-watch, of all of the elenents connected with the machinist's
wor k. When, therefore, the teachers, who formone section of the
managenent, and who are cooperating with the working nen, are in
possession both of the science of cutting netals and of the equally
el aborate notion-study and tine-study science connected with this
work, it is not difficult to appreciate why even the highest class
mechanic is unable to do his best work without constant daily
assistance fromhis teachers. And if this fact has been nmade cl ear
to the reader, one of the inportant objects in witing this paper
wi |l have been realized.

It is hoped that the illustrations which have been given nake it
apparent why scientific nmanagenent nust inevitably in all cases
produce overwhel mi ngly greater results, both for the conpany and
its enpl oyees, than can be obtained with the nanagenent of
"initiative and incentive." And it should also be clear that these
results have been attained, not through a marked superiority in the
mechani sm of one type of managenent over the nmechani sm of anot her,
but rather through the substitution of one set of underlying
principles for atotally different set of principles, by the
substitution of one philosophy for another philosophy in industrial
managenent .



To repeat then throughout all of these illustrations, it wll be
seen that the useful results have hinged mainly upon (1) the
substitution of a science for the individual judgnment of the

wor kman; (2) the scientific selection and devel opnent of the

wor kman, after each man has been studi ed, taught, and trained, and
one may say experinented with, instead of allow ng the workmen to
sel ect thensel ves and devel op in a haphazard way; and (3) the

i nti mate cooperation of the managenent with the worknen, so that
they together do the work in accordance with the scientific |aws
whi ch have been devel oped, instead of |eaving the solution of each
problemin the hands of the individual workman. |In applying these
new principles, in place of the old individual effort of each

wor kman, both sides share alnost equally in the daily performance
of each task, the managenent doing that part of the work for which
they are best fitted, and the worknen the bal ance.

It is for the illustration of this philosophy that this paper has
been witten, but sone of the elenents involved in its genera
principles should be further discussed.

The devel opnent of a science sounds |ike a form dabl e undert aking,
and in fact anything |ike a thorough study of a science such as
that of cutting netals necessarily involves many years of work. The
science of cutting netals, however, represents in its conplication,
and in the tine required to develop it, alnbst an extrene case in
the nmechanic arts. Yet even in this very intricate science, within
a few nonths after starting, enough know edge had been obtained to
much nore than pay for the work of experinenting. This holds true
in the case of practically all scientific devel opnent in the
mechanic arts. The first | aws devel oped for cutting netals were
crude, and contained only a partial knowl edge of the truth, yet
this inperfect know edge was vastly better than the utter |ack of
exact information or the very inperfect rule of thunmb which existed
before, and it enabled the worknmen, with the help of the
managenent, to do far qui cker and better work.

For exanple, a very short tinme was needed to di scover one or two
types of tools which, though inperfect as conpared wth the shapes
devel oped years afterward, were superior to all other shapes and
ki nds in common use. These tools were adopted as standard and nade
possi bl e an inmediate increase in the speed of every nachini st who
used them These types were superseded in a conparatively short
time by still other tools which remai ned standard until they in
their turn made way for later inprovenents. (6*)

The science which exists in nost of the nechanic arts is, however,
far sinpler than the science of cutting netals. In al nost al
cases, in fact, the laws or rules which are devel oped are so sinple



that the average man would hardly dignify themw th the nane of a
science. In nost trades, the science is devel oped through a
conparatively sinple analysis and tinme study of the novenents
required by the worknmen to do sone small part of his work, and this
study is usually made by a man equi pped nerely with a stop-watch
and a properly rul ed notebook. Hundreds of these "tine-study nen"
are now engaged in devel oping el enentary scientific know edge where
before existed only rule of thunb. Even the notion study of M

G lbreth in bricklaying (described on pages 77 to 84) involves a
much nore el aborate investigation than that which occurs in nost
cases. The general steps to be taken in devel oping a sinple | aw of
this class are as foll ows:

First. Find, say, 10 or 15 different nen (preferably in as many
separate establishnents and different parts of the country) who are
especially skilful in doing the particular work to be anal yzed.

Second. Study the exact series of elenentary operations or notions
whi ch each of these nmen uses in doing the work which is being
investigated, as well as the inplenents each man uses.

Third. Study with a stop-watch the tine required to make each of
these el enentary novenents and then sel ect the qui ckest way of
doi ng each el enent of the work.

Fourth. Elimnate all fal se novenents, slow novenents, and usel ess
novenent s.

Fifth. After doing away with all unnecessary novenents, coll ect
into one series the quickest and best novenents as well as the best
i mpl ement s.

Thi s one new nethod, involving that series of notions which can be
made qui ckest and best, is then substituted in place of the ten or
fifteen inferior series which were fornerly in use. This best

met hod becones standard, and remains standard, to be taught first
to the teachers (or functional forenen) and by themto every

wor kman in the establishnment until it is superseded by a quicker
and better series of novenents. In this sinple way one el ement
after another of the science is devel oped.

In the sane way each type of inplenent used in a trade is studied.
Under the phil osophy of the managenent of "initiative and

i ncentive" each workman is called upon to use his own best
judgnent, so as to do the work in the quickest tine, and fromthis
results in all cases a large variety in the shapes and types of

i npl enments which are used for any specific purpose. Scientific



managenent requires, first, a careful investigation of each of the
many nodi fications of the sane inplenent, devel oped under rule of
t hunb; and second, after a tine study has been made of the speed
attainable with each of these inplenents, that the good points of
several of themshall be united in a single standard inplenent,
which will enable the workman to work faster and with greater ease
than he could before. This one inplenent, then, is adopted as
standard in place of the many different kinds before in use, and it
remai ns standard for all worknmen to use until superseded by an

i mpl enent whi ch has been shown, through notion and tinme study, to
be still better.

Wth this explanation it will be seen that the devel opnent of a
science to replace rule of thunb is in nost cases by no neans a
form dabl e undertaking, and that it can be acconplished by

ordi nary, every-day nen w thout any el aborate scientific training;
but that, on the other hand, the successful use of even the

si npl est i nprovenent of this kind calls for records, system and
cooperation where in the past existed only individual effort.

There is another type of scientific investigation which has been
referred to several tines in this paper, and which should receive
special attention, nanely, the accurate study of the notives which
i nfluence nen. At first it nmay appear that this is a matter for

i ndi vi dual observation and judgnent, and is not a proper subject
for exact scientific experinents. It is true that the | aws which
result fromexperinents of this class, owng to the fact that the
very conpl ex organi smthe human being is being experinmented wth,
are subject to a |l arger nunber of exceptions than is the case with
laws relating to material things. And yet |laws of this kind, which
apply to a large majority of nmen, unquestionably exist, and when
clearly defined are of great value as a guide in dealing wth nen.
I n devel opi ng these | aws, accurate, carefully planned and executed
experinments, extending through a termof years, have been nade,
simlar in a general way to the experinments upon various other

el ements which have been referred to in this paper.

Per haps the nost inportant |aw belonging to this class, inits
relation to scientific nmanagenent, is the effect which the task

i dea has upon the efficiency of the workman. This, in fact, has
beconme such an inportant el enent of the mechani smof scientific
managenent, that by a great nunber of people scientific nanagenent
has cone to be known as "task managenent.”

There is absolutely nothing newin the task idea. Each one of us
W ll remenber that in his own case this idea was applied with good
results in his school boy days. No efficient teacher would think of
giving a class of students an indefinite |esson to |earn. Each day
a definite, clear-cut task is set by the teacher before each



schol ar, stating that he nust |earn just so nuch of the subject;
and it is only by this neans that proper, systenmatic progress can
be made by the students. The average boy would go very slowy if,

i nstead of being given a task, he were told to do as nuch as he
could. Al of us are grown-up children, and it is equally true that
the average workman will work with the greatest satisfaction, both
to hinself and to his enployer, when he is given each day a
definite task which he is to performin a given tine, and which
constitutes a proper day's work for a good workman. This furnishes
the workman with a clear-cut standard, by which he can throughout
t he day neasure his own progress, and the acconplishnent of which
affords himthe greatest satisfaction.

The witer has described in other papers a series of experinents
made upon wor knmen, which have resulted in denonstrating the fact
that it is inpossible, through any long period of tinme, to get

wor kmen to work much harder than the average nen around them

unl ess they are assured a |arge and a pernmanent increase in their
pay. This series of experinents, however, also proved that plenty
of wor knmen can be found who are willing to work at their best

speed, provided they are given this liberal increase in wages. The
wor kman nust, however, be fully assured that this increase beyond
the average is to be permanent. Qur experinents have shown that the
exact percentage of increase required to nmake a workman work at his
hi ghest speed depends upon the kind of work which the man is doing.

It is absolutely necessary, then, when worknmen are daily given a
task which calls for a high rate of speed on their part, that they
shoul d al so be insured the necessary high rate of pay whenever they
are successful. This involves not only fixing for each man his
daily task, but also paying hima |large bonus, or prem um each
time that he succeeds in doing his task in the given tine. It is
difficult to appreciate in full measure the hel p which the proper
use of these two elenents is to the workman in elevating himto the
hi ghest standard of efficiency and speed in his trade, and then
keeping himthere, unless one has seen first the old plan and
afterward the new tried upon the sane man. And in fact until one
has seen simlar accurate experinents nade upon vari ous grades of
wor kmen engaged in doing widely different types of work. The

remar kabl e and al nost uniformly good results fromthe correct
application of the task and the bonus nust be seen to be
appr eci at ed.

These two el enents, the task and the bonus (which, as has been

poi nted out in previous papers, can be applied in several ways),
constitute two of the nost inportant el enents of the nechani sm of
scientific managenent. They are especially inportant fromthe fact
that they are, as it were, a climx, demandi ng before they can be
used al nost all of the other elenents of the nechanism such as a



pl anni ng departnent, accurate tine study, standardi zation of

nmet hods and i npl enents, a routing system the training of
functional foremen or teachers, and in many cases instruction
cards, slide-rules, etc. (Referred to later in rather nore detai
on page 129.)

The necessity for systematically teaching worknen how to work to

t he best advantage has been several tines referred to. It seens
desirable, therefore, to explain in rather nore detail how this
teaching is done. In the case of a machi ne-shop which is managed
under the nodern system detailed witten instructions as to the
best way of doing each piece of work are prepared in advance, by
men in the planning departnent. These instructions represent the
conbi ned work of several nen in the planning room each of whom has
his own specialty, or function. One of them for instance, is a
speci alist on the proper speeds and cutting tools to be used. He
uses the slide-rules which have been above described as an aid, to
gui de himin obtaining proper speeds, etc. Another man anal yzes the
best and qui ckest notions to be nade by the workman in setting the
work up in the machine and renoving it, etc. Still a third, through
the tine-study records which have been accunul at ed, nakes out a
timetabl e giving the proper speed for doing each el enent of the

wor k. The directions of all of these nen, however, are witten on a
single instruction card, or sheet.

These nen of necessity spend nost of their time in the planning
departnment, because they nust be close to the records and data

whi ch they continually use in their work, and because this work
requires the use of a desk and freedom frominterruption. Human
nature is such, however, that many of the worknmen, if left to

t hensel ves, would pay but little attention to their witten
instructions. It is necessary, therefore, to provide teachers
(called functional foremen) to see that the worknmen both understand
and carry out these witten instructions.

Under functional managenent, the ol d-fashioned single foreman is
superseded by eight different nmen, each one of whom has his own
speci al duties, and these nen, acting as the agents for the

pl anni ng departnent (see paragraph 234 to 245 of the paper entitled
"Shop Managenent"), are the expert teachers, who are at all tines
in the shop, helping and directing the worknen. Being each one
chosen for his know edge and personal skill in his specialty, they
are able not only to tell the workman what he should do, but in
case of necessity they do the work thenselves in the presence of
the workman, so as to show himnot only the best but also the

qui ckest met hods.

One of these teachers (called the inspector) sees to it that he
under stands the drawi ngs and instructions for doing the work. He



teaches himhow to do work of the right quality; howto make it
fine and exact where it should be fine, and rough and qui ck where
accuracy is not required, the one being just as inportant for
success as the other. The second teacher (the gang boss) shows him
how to set up the job in his machine, and teaches himto nmake al

of his personal notions in the quickest and best way. The third
(the speed boss) sees that the machine is run at the best speed and
that the proper tool is used in the particular way which w |l
enabl e the machine to finish its product in the shortest possible
time. In addition to the assistance given by these teachers, the
wor kman receives orders and help from four other nen; fromthe
"repair boss" as to the adjustnent, cleanliness, and general care
of his machine, belting, etc.; fromthe "tinme clerk,” as to
everything relating to his pay and to proper witten reports and
returns; fromthe "route clerk,”" as to the order in which he does
his work and as to the novenent of the work fromone part of the
shop to another; and, in case a workman gets into any trouble with
any of his various bosses, the "disciplinarian” interviews him

It nust be understood, of course, that all worknmen engaged on the
same kind of work do not require the same anount of i ndividua
teaching and attention fromthe functional forenmen. The nen who are
new at a given operation naturally require far nore teaching and
wat chi ng than those who have been a long tine at the sanme kind of

j obs.

Now, when through all of this teaching and this mnute instruction
the work is apparently made so snooth and easy for the workman, the
first inpression is that this all tends to make hima nere

aut omat on, a wooden nman. As the worknmen frequently say when they
first cone under this system "Wy, | amnot allowed to think or
nmove wi t hout sone one interfering or doing it for ne!l" The sane
criticismand objection, however, can be raised against all other
nodem subdi vi sion of labor. It does not follow, for exanple, that

t he nodern surgeon is any nore narrow or wooden a nman than the
early settler of this country. The frontiersman, however, had to be
not only a surgeon, but also an architect, house buil der,

| umber man, farmer, soldier, and doctor, and he had to settle his

| aw cases with a gun. You would hardly say that the |life of the
nodern surgeon is any nore narrowing, or that he is nore of a
wooden man than the frontiersman. The nany problens to be net and
sol ved by the surgeon are just as intricate and difficult and as
devel opi ng and broadening in their way as were those of the
frontiersman.

And it should be renenbered that the training of the surgeon has
been al nost identical in type with the teaching and training which
is given to the workman under scientific managenent. The surgeon,
all through his early years, is under the closest supervision of



nore experienced nen, who show himin the m nutest way how each

el ement of his work is best done. They provide himw th the finest

i mpl enents, each one of which has been the subject of special study
and devel opnent, and then insist upon his using each of these

i npl enments in the very best way. Al of this teaching, however, in
no way narrows him On the contrary, he is quickly given the very
best know edge of his predecessors; and, provided (as he is, right
fromthe start) with standard inpl enents and net hods whi ch
represent the best know edge of the world up to date, he is able to
use his own originality and ingenuity to nake real additions to the
worl d's know edge, instead of reinventing things which are old. In
a simlar way the workman who is cooperating with his nmany teachers
under scientific managenent has an opportunity to develop which is
at |l east as good as and generally better than that which he had
when the whole problemwas "up to him and he did his work entirely
unai ded.

If it were true that the worknman woul d develop into a | arger and
finer man without all of this teaching, and without the help of the
| aws whi ch have been fornul ated for doing his particular job, then
it would follow that the young man who now cones to coll ege to have
the help of a teacher in mathematics, physics, chem stry, Latin,
Geek, etc., would do better to study these things unai ded and by
himsel f. The only difference in the two cases is that students cone
to their teachers, while fromthe nature of the work done by the
mechani ¢ under scientific nanagenent, the teachers nust go to him
What really happens is that, with the aid of the science which is

i nvariably devel oped, and through the instructions fromhis
teachers, each workman of a given intellectual capacity is enabl ed
to do a nuch higher, nore interesting, and finally nore devel opi ng
and nore profitable kind of work than he was before able to do. The
| aborer who before was unable to do anything beyond, perhaps,

shovel ing and wheeling dirt fromplace to place, or carrying the
work fromone part of the shop to another, is in many cases taught
to do the nore elenentary machinist's work, acconpani ed by the
agreeabl e surroundings and the interesting variety and hi gher wages
which go with the machinist's trade. The cheap machi ni st or hel per,
who before was able to run perhaps nerely a drill press, is taught
to do the nore intricate and higher priced | athe and pl aner work,
while the highly skilled and nore intelligent nachinists becone
functional forenmen and teachers. And so on, right up the |ine.

It may seemthat with scientific nmanagenent there is not the sane
incentive for the workman to use his ingenuity in devising new and
better nethods of doing the work, as well as in inproving his

i npl enments, that there is with the old type of managenent. It is
true that with scientific managenment the workman is not allowed to
use whatever inplenents and nethods he sees fit in the daily
practise of his work. Every encouragenent, however, should be given
himto suggest inprovenents, both in nmethods and in inplenments. And



whenever a wor kman proposes an inprovenent, it should be the policy
of the nmanagenent to nake a careful analysis of the new nethod, and
i f necessary conduct a series of experinents to determ ne
accurately the relative nerit of the new suggestion and of the old
standard, And whenever the new nethod is found to be markedly
superior to the old, it should be adopted as the standard for the
whol e establishnent. The wor kman shoul d be given the full credit
for the inprovenent, and should be paid a cash premumas a reward
for his ingenuity. In this way the true initiative of the worknen
is better attained under scientific nmanagenent than under the old

i ndi vi dual pl an.

The history of the devel opnment of scientific managenent up to date,
however, calls for a word of warning. The mechani sm of managenent
must not be m staken for its essence, or underlying philosophy.
Precisely the sanme nechanismw || in one case produce disastrous
results and in another the nost beneficent. The sanme nechani sm
which will produce the finest results when made to serve the
underlying principles of scientific managenent, will lead to
failure and disaster if acconpanied by the wong spirit in those
who are using it. Hundreds of people have already m staken the
mechani sm of this systemfor its essence. Messrs Gantt, Barth, and
the witer have presented papers to the American Society of
Mechani cal Engi neers on the subject of scientific managenent. In

t hese papers the mechani smwhich is used has been described at sone
I ength. As elenents of this nechanismmay be cited:

Time study, with the inplenments and nethods for properly making it.

Functional or divided foremanship and its superiority to the ol d-
fashi oned single foreman.

The standardi zation of all tools and inplenents used in the trades,
and al so of the acts or novenents of workmen for each cl ass of
wor k.

The desirability of a planning roomor departnent.

The "exception principle” in nmanagenent.

The use of slide-rules and simlar tine-saving inplenents.
I nstruction cards for the workman.

The task idea in managenent, acconpanied by a | arge bonus for the
successful performance of the task.



The "differential rate."

Mhenoni ¢ systens for classifying manufactured products as well as
i mpl enents used i n nmanufacturing.

A routing system
Modern cost system etc., etc.

These are, however, nerely the elenents or details of the mechanism
of managenent. Scientific managenent, in its essence, consists of a
certain philosophy, which results, as before stated, in a

combi nation of the four great underlying principles of
managenent : ( 7%)

When, however, the elenents of this nechanism such as tine study,
functional foremanship, etc., are used w thout being acconpani ed by
the true phil osophy of managenent, the results are in many cases

di sastrous. And, unfortunately, even when nen who are thoroughly in
synpathy with the principles of scientific managenent undertake to
change too rapidly fromthe old type to the new, w thout heedi ng

t he warni ngs of those who have had years of experience in making
this change, they frequently neet with serious troubles, and
sometines with strikes, followed by failure.

The witer, in his paper on "Shop Managenent," has call ed especia
attention to the risks which nmanagers run in attenpting to change
rapidly fromthe old to the new nmanagenent. |In nmany cases, however,
this warni ng has not been heeded. The physical changes which are
needed, the actual time study which has to be made, the

standardi zation of all inplenments connected with the work, the
necessity for individually studying each machine and placing it in
perfect order, all take tine, but the faster these el enents of the
work are studi ed and i nproved, the better for the undertaking. On
the other hand, the really great probleminvolved in a change from
t he managenent of "initiative and incentive" to scientific
managenent consists in a conplete revolution in the nental attitude
and the habits of all of those engaged in the managenent, as well
of the worknmen. And this change can be brought about only gradually
and through the presentation of many object-1essons to the workman,
whi ch, together with the teaching which he receives, thoroughly
convince himof the superiority of the new over the old way of
doi ng the work. This change in the nental attitude of the worknman

i nperatively demands tinme. It is inpossible to hurry it beyond a
certain speed. The witer has over and over again warned those who
contenpl ated making this change that it was a matter, even in a
sinmpl e establishnment, of fromtwo to three years, and that in sone
cases it requires fromfour to five years.



The first few changes which affect the workmen should be nade
exceedingly slowy, and only one workman at a tine should be dealt
wth at the start. Until this single nan has been thoroughly
convinced that a great gain has cone to himfromthe new nethod, no
further change should be nade. Then one man after another should be
tactfully changed over. After passing the point at which from one-
fourth to one-third of the nen in the enploy of the conpany have
been changed fromthe old to the new, very rapid progress can be
made, because at about this tine there is, generally, a conplete
revolution in the public opinion of the whole establishnent and
practically all of the worknen who are working under the old system
becone desirous to share in the benefits which they see have been
recei ved by those working under the new pl an.

| nasmuch as the witer has personally retired fromthe busi ness of

i ntroduci ng this system of managenent (that is, fromall work done
in return for any noney conpensation), he does not hesitate again
to enphasi ze the fact that those conpanies are indeed fortunate who
can secure the services of experts who have had the necessary
practical experience in introducing scientific managenent, and who
have made a special study of its principles. It is not enough that
a man shoul d have been a manager in an establishnent which is run
under the new principles. The man who undertakes to direct the
steps to be taken in changing fromthe old to the new (particularly
in any establishnment doing el aborate work) nust have had persona
experience in overcom ng the especial difficulties which are al ways
met with, and which are peculiar to this period of transition. It
is for this reason that the witer expects to devote the rest of
his Iife chiefly to trying to help those who wish to take up this
work as their profession, and to advising the nanagers and owners
of conpanies in general as to the steps which they should take in
maki ng t his change.

As a warning to those who contenpl ate adopting scientific
managenent, the follow ng instance is given. Several nen who | acked
t he extended experience which is required to change w t hout danger
of strikes, or wthout interference with the success of the

busi ness, fromthe managenent of "initiative and incentive" to
scientific managenent, attenpted rapidly to increase the output in
qui te an el aborate establishnment, enploying between three thousand
and four thousand nen. Those who undertook to make this change were
men of unusual ability, and were at the sanme tine enthusiasts and |
think had the interests of the worknmen truly at heart. They were,
however, warned by the witer, before starting, that they nust go
exceedingly slowy, and that the work of making the change in this
est abl i shnent coul d not be done in less than fromthree to five
years. This warning they entirely disregarded. They evidently
bel i eved that by using nmuch of the nechanismof scientific
managenent, in conbination with the principles of the managenent of



"initiative and incentive," instead of with the principles of
scientific managenent, that they could do, in a year or two, what
had been proved in the past to require at |east double this tine.
The know edge obtained fromaccurate tinme study, for exanple, is a
power ful inplenment, and can be used, in one case to pronote harnony
bet ween the worknmen and the managenent, by gradual ly educati ng,
training, and | eading the workmen into new and better methods of
doing the work, or, in the other case, it may be used nore or |ess
as a club to drive the worknen into doing a |arger day's work for
approxi mately the sane pay that they received in the past.
Unfortunately the men who had charge of this work did not take the
time and the trouble required to train functional forenmen, or
teachers, who were fitted gradually to | ead and educate the

wor kmen. They attenpted, through the old-style foreman, arned with
hi s new weapon (accurate tine study), to drive the worknen, against
their wi shes, and w thout nuch increase in pay, to work nuch
harder, instead of gradually teaching and | eading themtoward new
nmet hods, and convi nci ng them t hrough object-1essons that task
managenent neans for them sonewhat harder work, but also far
greater prosperity. The result of all this disregard of fundanental
principles was a series of strikes, followed by the downfall of the
men who attenpted to nake the change, and by a return to conditions
t hroughout the establishnment far worse than those which existed
before the effort was nade.

This instance is cited as an object-lesson of the futility of using
t he nechani sm of the new managenent while | eaving out its essence,
and also of trying to shorten a necessarily long operation in
entire disregard of past experience. It should be enphasized that

t he nen who undertook this work were both abl e and earnest, and
that failure was not due to lack of ability on their part, but to
their undertaking to do the inpossible. These particular men wll
not again nmake a simlar mstake, and it is hoped that their
experience may act as a warning to others.

In this connection, however, it is proper to again state that
during the thirty years that we have been engaged in introducing
scientific managenent there has not been a single strike fromthose
who were working in accordance with its principles, even during the
critical period when the change was being made fromthe old to the
new. |f proper nethods are used by nen who have had experience in
this work, there is absolutely no danger fromstrikes or other
troubl es.

The witer would again insist that in no case should the managers
of an establishment, the work of which is el aborate, undertake to
change fromthe old to the new type unless the directors of the
conmpany fully understand and believe in the fundamental principles
of scientific managenent and unl ess they appreciate all that is



i nvol ved in nmaking this change, particularly the tine required, and
unl ess they want scientific nmanagenent greatly.

Doubt | ess sonme of those who are especially interested in working
men will conplain because under scientific managenent the workman,
when he is shown how to do twi ce as nuch work as he fornerly did,
is not paid twice his former wages, while others who are nore
interested in the dividends than the worknen will conplain that
under this systemthe nen receive nmuch hi gher wages than they did
bef ore.

It does seem grossly unjust when the bare statenent is nade that

t he conpetent pig-iron handler, for instance, who has been so
trained that he piles 3 6/10 tinmes as much iron as the inconpetent
man fornerly did, should receive an increase of only 60 per cent in
wages.

It is not fair, however, to formany final judgnment until all of
the elenments in the case have been considered. At the first glance
we see only two parties to the transaction, the workmen and their
enpl oyers. W overl ook the third great party, the whole people, --
t he consumers, who buy the product of the first two and who
ultimately pay both the wages of the worknmen and the profits of the
enpl oyers.

The rights of the people are therefore greater than those of either
enpl oyer or enployee. And this third great party should be given
its proper share of any gain. In fact, a glance at industria

hi story shows that in the end the whol e people receive the greater
part of the benefit com ng fromindustrial inprovenents. In the
past hundred years, for exanple, the greatest factor tending toward
i ncreasing the output, and thereby the prosperity of the civilized
wor | d, has been the introduction of machinery to replace hand

| abor. And without doubt the greatest gain through this change has
come to the whol e people -- the consuner

Through short periods, especially in the case of patented
apparatus, the dividends of those who have introduced new nmachi nery
have been greatly increased, and in many cases, though
unfortunately not universally, the enpl oyees have obtai ned
materially higher wages, shorter hours, and better working
conditions. But in the end the major part of the gain has gone to

t he whol e peopl e.

And this result will follow the introduction of scientific
managenent just as surely as it has the introduction of machinery.

To return to the case of the pig-iron handler. W nust assune,



then, that the larger part of the gain which has cone fromhis
great increase in output will in the end go to the people in the
form of cheaper pig-iron. And before deciding upon how t he bal ance
is to be divided between the worknmen and the enpl oyer, as to what
is just and fair conpensation for the man who does the piling and
what should be left for the conpany as profit, we nust | ook at the
matter fromall sides.

First. As we have before stated, the pig-iron handler is not an
extraordinary man difficult to find, he is nerely a man nore or
| ess of the type of the ox, heavy both nentally and physically.

Second. The work which this man does tires himno nore than any
heal t hy normal |aborer is tired by a proper day's work. (If this
man is overtired by his work, then the task has been wongly set
and this is as far as possible fromthe object of scientific
managenent . )

Third. It was not due to this man's initiative or originality that
he did his big day's work, but to the know edge of the science of
pi g-iron handl i ng devel oped and taught hi m by sonme one el se.

Fourth. It is just and fair that nmen of the same general grade
(when their all-round capacities are considered) should be paid
about the sanme wages when they are all working to the best of their
abilities. (It would be grossly unjust to other |aborers, for

i nstance, to pay this man 3 6/ 10 as hi gh wages as other nen of his
general grade receive for an honest full day's work.)

Fifth. As is explained (page 74), the 60 per cent increase in pay
whi ch he received was not the result of an arbitrary judgnent of a
foreman or superintendent, it was the result of a long series of
careful experinments inpartially nmade to determ ne what conpensati on
is really for the man's true and best interest when all things are
consi der ed.

Thus we see that the pig-iron handler with his 60 per cent increase
in wages is not an object for pity but rather a subject for
congratul ati on.

After all, however, facts are in nmany cases nore convincing than
opinions or theories, and it is a significant fact that those

wor kmen who have cone under this systemduring the past thirty
years have invariably been satisfied with the increase in pay which
t hey have received, while their enployers have been equally pl eased
with their increase in dividends.



The witer is one of those who believes that nore and nore will the
third party(the whol e people), as it becones acquainted with the
true facts, insist that justice shall be done to all three parties.
It will demand the | argest efficiency fromboth enployers and

enpl oyees. It will no longer tolerate the type of enpl oyer who has
his eye on dividends al one, who refuses to do his full share of the
wor k and who nerely cracks his whip over the heads of his worknen
and attenpts to drive theminto harder work for |ow pay. No nore
Wil it tolerate tyranny on the part of |abor which demands one

i ncrease after another in pay and shorter hours while at the sane
time it becones less instead of nore efficient.

And the neans which the witer firmy believes will be adopted to
bring about, first, efficiency both in enpl oyer and enpl oyee and
then an equitable division of the profits of their joint efforts
w |l be scientific nmanagenent, which has for its sole ainthe

attai nment of justice for all three parties through inpartia
scientific investigation of all the elenents of the problem For a
time both sides will rebel against this advance. The workers wil |
resent any interference with their old rule-of-thunb nethods, and
t he managenent will resent being asked to take on new duties and
burdens; but in the end the people through enlightened public

opinion will force the new order of things upon both enployer and
enpl oyee.
It will doubtless be clained that in all that has been said no new

fact has been brought to light that was not known to sone one in
the past. Very likely this is true. Scientific nmanagenent does not
necessarily involve any great invention, nor the discovery of new
or startling facts. It does, however, involve a certain conbination
of el enments which have not existed in the past, nanely, old

know edge so col |l ected, anal yzed, grouped and classified into | aws
and rules that it constitutes a science; acconpanied by a conplete
change in the nental attitude of the working nen as well as of
those on the side of the nmanagenent, toward each other, and toward
their respective duties and responsibilities. Also, a new division
of the duties between the two sides and intimate, friendly
cooperation to an extent that is inpossible under the philosophy of
the ol d managenent. And even all of this in many cases coul d not
exi st without the hel p of nechani sms whi ch have been gradual ly
devel oped.

It is no single elenent, but rather this whol e conbination, that
constitutes scientific managenent, which may be sunmarized as:

Sci ence, not rule of thunb.

Har nony, not di scord.



Cooperation, not individualism
Maxi mum out put, in place of restricted output.

The devel opnent of each man to his greatest efficiency and
prosperity.

The witer wishes to again state that: "The tine is fast going by
for the great personal or individual achievenent of any one man
standi ng al one and wi thout the hel p of those around him And the
time is comng when all great things will be done by that type of
cooperation in which each man perforns the function for which he is
best suited, each man preserves his own individuality and is
suprene in his particular function, and each man at the sane tine

| oses none of his originality and proper personal initiative, and
yet is controlled by and nust work harnoniously with nany ot her
men. "

The exanpl es given above of the increase in output realized under
t he new managenent fairly represent the gain which is possible.
They do not represent extraordi nary or exceptional cases, and have
been sel ected from anong thousands of simlar illustrations which
m ght have been given.

Let us now exam ne the good which would follow the general adoption
of these principles.

The larger profit would come to the whole world in general.

The greatest material gain which those of the present generation
have over past generations has cone fromthe fact that the average
man in this generation, with a given expenditure of effort, is
producing two times, three times, even four times as nuch of those
things that are of use to man as it was possible for the average
man in the past to produce. This increase in the productivity of
human effort is, of course, due to many causes, besides the
increase in the personal dexterity of the man. It is due to the

di scovery of steamand electricity, to the introduction of

machi nery, to inventions, great and small, and to the progress in
sci ence and education. But from whatever cause this increase in
productivity has cone, it is to the greater productivity of each

i ndi vidual that the whole country owes its greater prosperity.

Those who are afraid that a large increase in the productivity of
each workman will throw other nmen out of work, should realize that
the one el enment nore than any other which differentiates civilized
fromuncivilized countries -- prosperous from poverty-stricken



peoples -- is that the average man in the one is five or six tines
as productive as the other. It is also a fact that the chief cause
for the | arge percentage of the unenpl oyed in England (perhaps the
nost virile nation in the world), is that the worknmen of Engl and,
nore than in any other civilized country, are deliberately
restricting their output because they are possessed by the fallacy
that it is against their best interest for each man to work as hard
as he can.

The general adoption of scientific managenent would readily in the
future doubl e the productivity of the average nman engaged in

i ndustrial work. Think of what this nmeans to the whole country.

Thi nk of the increase, both in the necessities and | uxuries of
[ife, which becones avail able for the whole country, of the
possibility of shortening the hours of |abor when this is
desirable, and of the increased opportunities for education,
culture, and recreation which this inplies. But while the whole
world would profit by this increase in production, the manufacturer
and the workman will be far nore interested in the especial |ocal
gain that cones to themand to the people imediately around them
Scientific management will mean, for the enployers and the worknen

who adopt it -- and particularly for those who adopt it first --
the elimnation of alnost all causes for dispute and di sagreenent
between them What constitutes a fair day's work will be a question
for scientific investigation, instead of a subject to be bargai ned
and haggl ed over. Soldiering will cease because the object for
soldiering will no | onger exist. The great increase in wages which
acconpanies this type of managenent will largely elimnate the wage

guestion as a source of dispute. But nore than all other causes,
the close, intimate cooperation, the constant personal contact
between the two sides, will tend to dimnish friction and

di scontent. It is difficult for two people whose interests are the
same, and who work side by side in acconplishing the sanme object,
all day long, to keep up a quarrel.

The | ow cost of production which acconpani es a doubling of the
output will enable the conpani es who adopt this managenent,
particularly those who adopt it first, to conpete far better than

they were able to before, and this will so enlarge their markets
that their nmen will have al nost constant work even in dull tines,
and that they will earn larger profits at all tines.

This means increase in prosperity and dimnution in poverty, not
only for their men but for the whole conmunity i nrediately around
t hem

As one of the elenents incident to this great gain in output, each
wor kman has been systematically trained to his highest state of
ef ficiency, and has been taught to do a higher class of work than



he was able to do under the old types of nmanagenent; and at the
sane tine he has acquired a friendly nental attitude toward his
enpl oyers and his whol e working conditions, whereas before a
consi derable part of his tinme was spent in criticism suspicious
wat chf ul ness, and sonetines in open warfare. This direct gain to
all of those working under the systemis w thout doubt the nost

i nportant single elenent in the whol e problem

s not the realization of results such as these of far nore

i nportance than the solution of nost of the problens which are now
agitating both the English and American peoples? And is it not the
duty of those who are acquainted with these facts, to exert

t hensel ves to make the whole community realize this inportance?

NOTES:

1. The witer has tried to make the reason for this unfortunate
state of things clear in a paper entitled "Shop Managenent," read
before the Anmerican Society of Mechani cal Engi neers.”

2. For exanple, the records containing the data used under
scientific managenent in an ordinary machi ne-shop fill thousands of
pages.

3. See foot-note at foot of page 60.(i.e. note 4)

4. Many peopl e have questioned the accuracy of the statenent that
first-class worknen can |load 47 1/2 tons of pig iron fromthe
ground on to a car in a day. For those who are skeptical,
therefore, the following data relating to this work are given:

First. That our experinents indicated the existence of the
followwng law. that a first-class |aborer, suited to such work as
handling pig iron, could be under |oad only 42 per cent of the day
and nust be free fromload 58 per cent of the day.

Second. That a man in |oading pig iron frompiles placed on the
ground in an open field on to a ear which stood on a track
adj oi ning these piles, ought to handle (and that they did handle
regularly) 47 1/2 long tons (2240 pounds per ton) per day.

That the price paid for loading this pig iron was 3 9/10 cents per
ton, and that the nen working at it averaged $1.85 per day,
whereas, in the past, they bad been paid only $1.15 per day.



In addition to these facts, the follow ng are given:
47 1/ 2 long tons equal 106,400 pounds of pig iron per day.
At 92 pounds per pig, equals 1156 pigs per day.

42 per cent of a day under |oad equals 600 mnutes; nultiplied by
0.42 equal s 252 m nutes under | oad.

252 minutes divided by 1156 pigs equals 0.22 m nutes per pig under
| oad.

A pig-iron handler wal ks on the level at the rate of one foot in

0. 006 m nutes. The average distance of the piles of pig iron from
the car was 36 feet. It is a fact, however, that many of the pig-
iron handlers ran with their pig as soon as they reached the
inclined plank. Many of them al so would run down the plank after

| oading the car. So that when the actual |oading went on, many of
them noved at a faster rate than is indicated by the above figures.

Practically the nen were nmade to take a rest, generally by sitting
down, after loading ten to twenty pigs. This rest was in addition
to the time which it took themto wal k back fromthe car to the
pile. It is likely that many of those who are skeptical about the
possibility of loading this amunt of pig iron do not realize that
whil e these men were wal ki ng back they were entirely free from

| oad, and that therefore their nmuscles had, during that tine, the
opportunity for recuperation. It will be noted that wth an average
di stance of 36 feet of the pig iron fromthe car, these nen wal ked
about eight mles under | oad each day and eight mles free from

| oad.

I f any one who is interested in these figures will nmultiply them
and divide them one into the other, in various ways, he wll find
that all of the facts stated check up exactly.

5. See paper read before the Anerican Society of Mechani cal
Engi neers, by Fred. W Taylor, Vol. XVI, p. 856, entitled "Piece
Rate System ™

6. Tine and again the experinmenter in the nmechanic arts will find
himsel f face to face with the problemas to whether he had better
make i mmedi ate practical use of the know edge which he has
attained, or wait until some positive finality in his concl usions
has been reached. He recogni zes clearly the fact that he has

al ready made sone definite progress, but sees the possibility (even
the probability) of still further inprovenment. Each particul ar case



must of course he independently considered, but the general

concl usi on we have reached is that in nost instances it is wse to
put one's conclusions as soon as possible to the rigid test of
practical use. The one indi spensable condition for such a test,
however, is that the experinenter shall have full opportunity,
coupled with sufficient authority, to insure a thorough and
inpartial trial. And this, owng to the al nost universal prejudice
in favor of the old, and to the suspicion of the new, is difficult
to get.

7. First. The devel opment of a true science. Second. The scientific
sel ection of the workman. Third. H's scientific education and

devel opnent. Fourth. Intimate friendly cooperation between the
managenent and the nen.




