
THE EFFECT OF LABOR-SAVING DEVICES UPON
WAGES.

I.

ECONOMIC literature is replete with controversies. So
far as the central problems of economics are concerned,
it may almost be said, quot homines, tot opiniones; and
many of the minor problems are treated with a most ap-
palling diversity in method and in point of view. Yet
there is one small field that is practically unravaged by
controversial warfare. With but few exceptions' econo-
mists are agreed that the ultimate effect of labor saving
IB invariably to increase the real income of the working
classes. Whatever differences of view-point exist concern
theniselves chiefly with the relative emphasis laid upon
the immediate loss to the laborers whose functions this
form of progress renders obsolete.

Moreover, an examination of the arguments advanced
in support of the prevailing view reveals a surprising uni-
formity. Attention is called to the fact that the cheapen-
ing of products, which normally attends the introduction
of anjjmprovement in the technique of production, rep-
resents a^virtual increase in the incomes of^all^classes, in-

l Amonx tlifise m»y be mentioned Mill, Prindplet of Political Economy (Book 1.
ohap.vi); BoB^Proct«dinffeoftheAtnericanSconomicAuoeiation,^h«eathAxiliual
Heetinc (pp. lSl, 152); and, perfaspi, Carver (Ibid., pp. 149,150). Mill'e argument
reartfl upon a jufgling of the conoepta "fixed'' axid "oiroolating" oapital, and their
teapectini ralationi to the <ra«e-fuDd, and ig in eo {«r quite out of harmony with
modem'thought. Is Roa'e view the effect of the lDtroduction of machinery is
analogous with that of the introductioo of an exeeptiooally efficient body of slaves.
From the puhliahed reports of the Prooeedings of the Eoonomic Association it
would be difficult to discover the grounds on which Professor Carver based his
tdew that it is not oertain that labor^aving inventians invariably benefit the la-
borer; but, from his method of reaaoning in an eaxlier address (Froceedinge of the
American Economic Auodation, Fourteenth Annual Meeting, pp. 183-198) it would
appear thst his position is not essentially different from that defeoded in this paper.
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eluding the laborers; and emphasis is laid upon the de-
velopment of the demand for the cheapened product,
which may, in the end, result in a great Increase in the
employment offered by the industry affected by the change.
The printing trade is often cited as an example of an in-
dustry in which labor saving has actually increased em-
ployment, and the business of transportation illustrates
the same principle very well. The theoretical argument
is often bolstered up by an appeal to economic history or
to its allied branch, comparative inductive economics.
The nineteenth century, pre-eminently the age of mechan-
ical progress, witnessed an unparalleled improvement in
the position of the working classes, and this in spite of an
extraordinary increase in the pwpulation of the Western
world. Again, those nations in which labor-saving ma-
chinery has been most ejrtensively employed, as the United
States and England, are the nations in which wages are
highest and conditions of labor most satisfactory.

These are strong arguments, apparently. They are as
conclusive as the arguments advanced in defence of some
of the most imquestioned political and economic tenets.
And yet, if we subject them to rigid analysis, we shall find
that they are far from adequate. In the theoretical argu-
ment no attempt is made to discover the relative impor-
tance of opposing forces which enter into the problem.
The cheapening of commodities does, indeed, have a ten-
dency to increase all "real" incomes; but, if labor is dis-
placed from one industry, it enters into competition with
labor in other industries, and in so far tends to lower wages.
The net effect upon the welfare of the working class can
be ascertamed only after a weighing of the opposing ten-
dencies. This holds true, of course, only of those cases in
which labor is actually displaced. But, if the industry in
question develops to such a degree as to employ more
laborers than formerly, such development may, neverthe-
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less, be at tbe cost of some other industry which supplies
a mmilar want. A reduction in the labor cost of artificial
stone might greatly increase the demand for that material,
and increase the number of workmen employed in its manu-
facture; but it would be unsafe to argue that a net increase
in emplojonent has taken place without first ascertaining
how many quanymen and brickmakers had been displaced.

Nor is the historical argument more concltisive. Eco-
nomic history reveals numerous forces operating contem-
poraneously, but it has not succeeded in isolating any one
and in imputing to it its just share in the joint result. The
condition of labor has, no doubt, improved; but the
causes of the improvement are still in dispute. One share
in the result, however, must be ascribed to the vast in-
crease in the available area of cultivable land.' Another
important share is due to the imprecedented increase in
capital. Popular education, by increasing the efficiency
of labor and by strengthening its bargaining power, doubt-
less contributed some part of the total result. Trade
unionism, many would maintain, has not been wholly
without effect. When these and other factors are con-
sidered, it appears that history does not tell us how much
labor owes to the labor-saving device. And, granting that
a definite share in the simi could be traced to labor saving,
we are still far from proof that all labor saving, under all
conditions, tends to increase wages. We may even admit
that most of those forces which dispute with labor saving
the honor of having made tolerable the lot of the working-
man would themselves have been inconceivable without
the advance in labor-saving methods. The extension of
cultivation, for example, was doubtless conditioned largely
by labor-saving inventions in the iron industry. The
progress of popular education may be ascribed in part, at
least, to the vast Increase in social wealth which resulted

iCf. KOM, loc. dt., p. l S l .
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from technical progress. But most of these indirect effects
of labor saving are dependent upon conditions which may
disappear with the progress of society. Unoccupied lands
are even now ceasing to be a significant factor in economic
life. There is a natural limit to the advantages to labor
as a whole which may be secured through trade tmionism.
From the purely economic point of view, popular educa-
tion is probably subject to a law of diminishing returns.
One who wishes to discover a universal defence for labor
saving will hardly be content with an argument which
rests up>on the effects of secondary influences of a transitory
natiu-e. It is p>erhaps worth while to prove that the labor
saving of the past has been beneficent; but we are chiefly
concerned with the labor saving of the future.

Nor can a clear light upon this problem be gained from
a study of the relative position of labor in countries which
differ in respect to technical development. In the first
place, the disparity in other conditions is usually so great
that it would be extremely difficult to isolate the influence
of technical progress. And, secondly, it is a familiar fact
that the development of industry in one country may
bring about the decay of similar industries in other coun-
tries. It is frequently asserted that one of the effects of
the growth of the cotton industry in England was the de-
cline of the ancient and prosperous cotton industry of
some of the towns and villages of British India. Accord-
ingly, if it be granted that the lot of the British workman
was Improved by the epoch-making inventions in the textile
industries, it still remains necessary to set against that
improvement the deterioration of the condition of the
Hindu craftsman, if we are to attain any valid conclusion
as to the net effect upon the world's working classes.

A complete study of labor-saving devices would cer-
tainly not ignore important effects merely because they
depend up>on conditions which do not possess even the
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proximate universality posited of the main characteris-
tics of the existing system. Nor would it ignore influ-
ences that affect the international balance of economic
power. But the more fundamental problem in the the-
ory of labor-saving inventions concerns the direct effects
of such inventions upon world labor, since such effects
may be said to be as imiversal as the competitive order.
This problem alone will be considered in the present paper.
Moreover, since the problem at best is a complicated one,
it will be necessary to narrow the inquiry wherever pos-
sible, by excluding the elements of friction which every-
where modify the operation of competitive laws.' It
wiU be assumed that labor-saving devices are promptly
adopted throughout the industries affected, and hence
that no appreciable element of pure profit arises in con-
sequence of them. A high degree of mobility of labor
and of capital will be assumed; and, for convenience, it
wiU be assumed that labor and capital displaced make
their way immediately to the economic

II.

It is obvious that no study of this nature can be fruit-
ful unless it is based upon a consistent theory of distri-
bution in its static aspects. For the purposes of the
present discussion the essential soundness of the margi-
nal productivity theory of distribution, as it is developed
by Professor Clark in his Distribution of Wealth, will be
assumed. It will be assumed that determinate parts
of the current product of society, whether viewed as phys-
ical product or as value product, are imputable to the
various factors in production, and that those parts form
the normal incomes of the respective factors. It will

1A slight degree of friction will be assumed, since otherwise no motive for the
readjustment of labor and capital would exist.
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also be assumed that a universal law of diminishing re-
turns is in operation,—that, with no independent change
in the organization of the factors of production, an in-
crease, actual or virtual, in one, imaccompanied by a
parallel increase in the complementary factors, has a
tendency to lower the productivity of the variable factor,
and to increase the productivity of the factors that re-
main constant in quantity.

The term "labor-saving device" will be used to desig-
nate any technical improvement which lessens the ab-
solute expenditure of labor per unit of physical product.
As it is often the case that a labor-saving invention changes
not only the quantity, but also the quality of the labor
used in the production of a commodity, it is necessary
for us to conceive of labor as measured in units of like
potential efficiency. If the new process reqtiires labor
of a lower order than was formerly required, we must, in
theory, reduce tbe new labor to terms of the labor formerly
employed. We need also a unit of value with which to
measure changes in productivity. Here we meet with
a serious difficulty; for, if by value we mean general pur-
chasing power, it is obvious that an improvement in
technique will change in some degree tbe value of any
commodity or group of commodities which we may se-
lect as a measure. Accordingly, tbe best that can be
done is to be on our guard against any variation in tbe
value unit, and to employ such devices as may keep it
from vitiating our results.

Economists have long recognized tbat tbere are cer-
tab salient cbaracteristics tbat differentiate one inven-
tion from anotber, from a purely economic point of view.
An improvement in technique may result in an increased
capital cost • per imit of pbj^cal product at tbe same time

By "oapital cost" I mean & groaa mm coveriDs the replacement of goods de-
*royed or depreciated in value, together with a normal retum on the capital for
«» period in which it ia uaed in producin( a unit of commodity.
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that it diminishes labor cost; that is, it may involve the
substitution of capital for labor. On the other hand,
capital cost may remain imchanged, or it may Himinish
•pari passu with labor cost. Secondly, an improvement
in technique, through the resultant cheapening of prod-
uct, may so increase demand that the total value product
of the industry will be increased; that is, labor-saving
may be productr-multiplying. The value product may,
however, remain stationary, or it may even be decreased.
In the third place, the improvement may affect some
commodity which is primarily an object of consimiption
of the working class. It may affect, however, a com-
modity entering equally into the consumption of all
classes, or into that of the well-to-do, say the capitalists,
alone.'

Without taking into account other possible differenti-
ating characteristics,' it is evident that the above will
serve as a basis for numerous types, each of which de-
serves special study. The economic quality of any con-
crete invention will be determined by a combination of
three elements of greater or less purity, each one repre-
senting one of the three above series. Invention A, a
labor-saving device, may so change the character of an
industry as to increase the capital cost per unit of product;
the resulting increase in demand may, nevertheless, be so

ZWe may represent the above facts by the following table:—
la capital ooet per unit o£ phyajoal pnxluot increased.
16 " " '* " *' *' " stationary.
Ic *' " " " " " '* diminished.

Iliz total vahie prodoct of industry increased,
nb " " *' " " stationary.
He " *' " *' " diminished.

IIJa product of industry consumed wholly by laborera.
nib " " " " by laborers and capitalists alike.
Hie " •' •' •• wholly by capitalists.

2 One which will readily occur to the reader is exemplified by the introduction
of agricultural machinery in a region which is already thoroughly cultivated. Ths
gross product of ihe land may be dimini^ied instead of increased. Hence tlu
price of the product may well be increased rather than rfimitli^hl^^^ the ultimate
eifeot being an increase in rent.
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great as to attract labor into tbe industry instead of ex-
pelling it. Tbe product may be one wbicb workingmen
alone consume. Invention B may leave tbe capital cost
per unit imcbanged; it may result in a very slight in-
crease in demand, and bence in tbe expulsion of labor;
tbe product may be consumed almost exclusively by
capitalists.'

Since, tben, labor-saving devices may vary so widely
in tbeir economic cbaracteristics, it appears to be tmsci-
entific to group tbem togetber wben it is our aim to dis-
cover tbeir economic effects. Sucb a metbod of pro-
cedure may prove almost anj^bing. Ratber we sbould
construct tbeoretical types possessing clearly defined
cbaracteristics wbicb represent tbe various possible eco-
nomic relations, and study tbe possible effects of eacb of
these types. We may then arrive at practical conclusions
by comparing our types witb tbe labor-saving devices
witb which practical industry bas made us familiar.

III.

For our first type we may be permitted to select tbe
one wbicb seems to present tbe least number of tbeoret-
ical difficulties; tbat is, tbe one in wbicb tbe smallest
number of cbanges is involved. We sball assume tbat
an improvement in industry A lowers labor cost per unit
of physical product, but leaves capital cost imchanged.'

' Gmplcying the aymboli of the table of the precedin( page, an invention may
represent a combination of lo. Ho, IIIo; another tt. Ue, UU, ete.

'In this and the following types all elements of coet other than labor and cm>-
'™ oô t will be ignored. Since we am dealing hare with a problem in dynamics.
It u dear that by ignoring the distinction between land and reproducible capital
iwws. or by abstracting £rom Uu share imputable to land, all our conduMons
are somewhat vitiated. But to consider the effect of a labor^aving device upon
»»o factors, Ubor and artiEcial capital, ia a suffioiently complicated study. And,
ronher, the introduction of tbe third factor would, in most cases, only emphasise
tne conclusions here reached. So far as the writer's study has gone in this direc-
•wn. the result seemed to show th*t by intooducing the element of land DO con-
olMion reached would be subverted.



94 QUARTERLY JOURNAL OF ECONOMICS

We shall assume, further, that the demand for the com-
modity produced is just elastic enough to maintain the
total value product of the induirtry unchanged. Finally,
we shall assume that the commodity is consumed by
capitalists only.

From the assumptions that capital cost per physical
unit of commodity remains unchanged, and that the total
number of such units increases, it follows that capital
must be drawn into the industry. Consequently, in all
branches of production from which this capital is with-
drawn,—and, if we assume perfect fluidity of capital,
this would be in all industries whatsoever,—the physi-
cal productivity of capital will increase and that of labor
wUl diminish. In industries B and C and D a greater
share of the products b, c, and d will be imputable to
each Tmit of capital, and a smaller share to each unit of
labor. Again, from the assumption that the total value
product of industry A remains imchanged, and that a
greater share of that product is imputable to capital, it
follows that some labor must be expelled from the indus-
try. This labor, seeking employment in all other indus-
tries, must lower, in those industries, the productivity
of labor and increase that of capitaL Two forces, then,
are operating to diminish the productivity of labor. Two
forces tend to increase that of capital. A day's labor
will produce less wheat or iron or cotton cloth after the
change has taken place than it produced before. And,
since there is no ground for assuming that the exchange
ratios of commodities other than the product of A have
changed, we may safely eay that a day's labor in wheat
production commandfl less of every product, except that
of A, than before. Now the product of A, by our third
assumption, enters into the consumption of capitalists
alone. The laborer's increased conmiand over that prod-
uct ifl of no importance to shim. He has lost in his power
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to command the necessaries and comforts of life; but he
has gained, say, in his power to command racing auto-
mobiles!'

Passing now to a second typ*, we shall assume as be-
fore that capital cost per imit of physical product and
total value product remain constant, but that the com-
modity produced enters exclusively into the consump-
tion of laborers. As in the case just treated, a unit of
labor produces less in all industries, except the one tmder
consideration, than it did before the change in technique.
As before, the laborer's power to command all other com-
modities diminishes. But this loss is offset by his in-
creased power to command the products of the industry
affected by the change,—industry B we shall call it.
Now can we prove that the loss is coimterbalanced, or
more than counterbalanced, by the gain? The problem
is diffictilt, at any rate for one who is unable to employ
mathematical methods of analysis; but, as wiU appear
later, it is fundamental to the study.

In discussing the productivity theory of distribution,
it is usually most convenient to regard the original in-
comes of the factors as values. Thus a certain part of
the value of the output of a cotton-mill is imputable
to each laborer, another part to each unit of capital.
But sometimes it is better to go a step farther back and
treat, as the primary incomes, the commodities pro-
duced. The first form in which a cotton operative's
wages appear is that of a certain number of yards of cot-

> It is admitted that this type would be hard to discover in pnwtieal life. Pio-
fsssor Clarii has pointed out to the writer that any such improvenuut, though at
£nt affecting only those produots which are consumed by the rich, will soon find
application in the production of commodities consumed by rich and poor alike.
The justiceof thecriticism ia obvious. It remfiina true, however, that a labor.saviiig
<>°̂ °e. so far as its tendency is to cheapen goods oonsumed by the wealthier classes,
nwy tend to degrade the position of labor.
..„ ^*° '"'<'" °ot »• special class of laborers—«.«„ the unskilled—it would not be
difficult to conceive of types of laboiHiaving inventions whiflh degrade the position
of that class.
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ton clotb. From tbis point of view tbe primary wages
of all labor consist in a beterogeneous mass of commodi-
ties, some adapted for tbe exclusive consumption of la-
borers, some for tbat of capitalists, some neutral, so to
speak. A similar mass composes the primary income of
capital. Tbe transformation of primary commodity in-
comes into money incomes, and, finally, into "real" in-
comes, may be r^arded as tbe result of a series of excbanges
among laborers, among capitalists, and between tbe two
cksses. In tbe bypotheticaJ industry B, wbicb produces
a commodity adapted for tbe consumption of laborers
alone, tbe sbare imputable to capital is secured by labor
tbrougb tbe surrender of an equal value of capitaibt or
neutral commodities primarily imputable to labor in other
industries.

Now let us say that before the improvement took
place the total value product of tbe industry was ix,
of wbicb X was imputable to capital, 3a; to labor. Labor,
as a wbole, tben, bad to surrender to capital a quantity
of otber goods, imputable to labor, of tbe value of x, in
order to secure tbe product of capital in industry B.
After tbe improvement, according to bjrpotbesis, tbe
value product of tbe industry remains 4x; but a greater
part is imputable to capital, a less to labor. We sball
aasimie tbat tbe proportions are reversed, x now being
imputable to labor, 3a; to capital. To secure tbe product
of capital, labor, as a wbole, will now bave to surrender
3a; in value of tbe products of otber industries; tbat is,
2x more tban formerly.

WbUe tbe productivity of eacb unit of labor in otber
industries bas declined, as we saw above, tbe number of
sucb imits bas increased tbrougb tbe displacement of
labor from B. Tbere is, tben, tbe product of some addi-
tional \inits of labor to set against tbe decline in tbe prod-
uct of eacb unit of tbe wbole working force, before we
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can say whether the aggregate of conunodities Ln the
hands of laborers, exclusive of the product of B, has
diminished or increased. All depends, obviously, on the
shape of the cur%'e of diminishing productivity of labor.
If that curve is very elastic (and experience woidd indi-
cate that it is), the aggregate product of labor may be
increased considerablj'. The labor displaced from in-
dustry B had produced in that industry a value equal
to 2x. It cannot continue to produce that amount at
the margin of industry, for this would be the negation
of the law of diminishing productivity. But it may pro-
duce enough to increase the aggregate product of labor
by X or x-\-. Assuming an increase of x, that quantity
of value may be regarded as a partial offset to the 2x of
commodities which, we saw, labor is now required to
suiTender to capital, over and above what it formerly
surrendered, to secure the product of capital in B. There
would then remain a quantity of the products of other
industries equal in value to x, to be surrendered by labor,
which constitutes a net loss in value incurred by labor as
a consequence of the change. But the product of B,
although stUI representing 4x in value, represents a great
increase in imits of commodity; in the present case, a
threefold increase.' Now it is not at aU improbable that,
although labor has lost outright a quantity of other com-
modities equal in value to x, the threefold increase in
the physical content of another part of its income, rep-
resenting 4x in value, gives more than ample compen-
sation. Labor has lost, say, $10,000 worth of wheat,
etc., receiving no compensation in the form of value in-
come. But the $40,000 it spends on working jackets
now buys three times as many as before. True, the sat-

*It WM jumimed that oapital cotX remained oonatant p«ar unit of physical
Prodoot, and that the proportion! of labor eost to oapital oo»t changed from 3;1
to l:a. That it, before tbe ehaoge the oo>t of a unit of pradnet waa a + Sa; after
the chanie it besoous a + ia.
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isfaction derived from eacb is lessened, but probably
not in sucb degree tbat tbe additional number of tbem
does not more tban compensate tbe loss in wbeat.

Tbe objection will arise: Wby assume tbat the product
of industries other tban B has been increased to tbe extent
X tbrougb tbe labor displaced in B? Wby not assume
tbat tbe net increase in product is 0, or—xl For tbe as-
sumption I bave made tbere is no defence in pure reason.
If tbere is any defence at all, it must lie in our knowledge
of tbe actual sbajje of tbe curve of diminisbing productiv-
ity; and tbat, it must be admitted, is bazy. Yet tbe as-
sumption tbat an additional unit of labor increases tbe
aggregate product of labor by only one-balf tbe product
of tbe unit wbicb was formerly marginal would seem to
be sufficiently conservative. But even if the total product
of labor in industry, exclusive of B, remains uncbanged, it
would stOl be not improbable tbat labor bad gained tbrougb
tbe multiplication of tbe products of B.

Again, it may be asked, wby assume so great a reduc-
tion in labor cost? If it be assumed tbat tbe reduction
is less, it follows tbat tbe displacement of labor is less,
and bence tbat the loss in productivity in outside industry
is less. Any gain that labor may receive tbrougb tbe re-
duction in labor cost will be diminisbed as tbe real saving
of labor is diminished; but tbere is no reason wby it sbould
disappear. Conversely, tbe more pronounced tbe saving
of labor, tbe more important tbe gain to labor.

We may now construct a tbird tĵ pe to illustrate tbe
effect of a labor-saving device in an industry wbicb pro-
duces a commodity entering equally into tbe consumption
of laborers and of capitalists. As before, we sball assume
tbat tbe value product of tbe industry—industry C, we
sball call it—is ix before as well as aft^r tbe change in
technique. Of tbis, as in tbe preceding type, we sball
assume tliat 3z is imputable to labor before tbe cbange.
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X after it. Before the change took place, since capitalists
consumed one^haK the product, or 2x, they must have
surrendered to labor commodities equal in value to x, to
secure part of the product of C primarily belonging to
labor. After the change, conditions are reversed. Labor
is compelled to surrender x in value of other commodities
to capital, if it is to continue consuming 2x of the product
of C, Assuming, as before, that a net increase of x takes
place in labor's product of other commodities, the value
loss to aU labor is measured by the withdrawal of the x
of other commodities formerly surrendered by capital.
As an offset, the 2x of the product of C consumed by
labor has increased in its number of physical imits of
commodity. And this commodity gain is obviously just
half the gain which appeared in the preceding type, al-
though the value loss to labor is exactly the same. Not
improbably the gain exceeds the loss, as measured in total
weU-being, But there is far less reason to affirm this than
in the case of industry B above.

Putting together the results of our study of these three
t3rpes, we may say that, when the value product and the
capital cost per xmit of product remain constant through
the change, labor-saving means a net loss to labor when
the product is one which enters entirely into the consump-
tion of non-laborers, and most probably a decided gain
when the product is exclusively adapted to the consump-
tion of labor. There wUl be a point somewhere between
these extremes where the loss and the gain neutralize each
other. Where this wiU be, it is impossible to say. Our
third type indicates that, when the consumption is equally
distributed, labor may yery probably gain. The two con-
trolling factors are the curves of diminisliing productivity
of labor and of diminishing utUity, If these are very
gradual in their descent, the possibilities of gain to labor
are great.
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In comparing these types with real conditions, it is
obvious that a practical invention is most likely to occur
in an industry lying somewhere between B and C. The
demand for vast masses of commodities—the great stimu-
lus to invention—is possible only in the case of those in-
dustries which supply the needs of the laborer and the
amaU capitalist. So far as this part of our study is con-
cerned, it seenos safe to regard the practical labor-saving
device as beneficial to labor.

rv.
We may now extend our study by discarding the as-

sumption that capital cost per unit of physical product
remains constant. The assumption is retained, however,
that the total value product remains unchanged. Assiime,
first, that capital cost per unit of physical product dimin-
ishes. If capital cost and labor cost diminish in the same
proportion, neither wiQ be exjjelled. The same propor-
tions of the total value product of the industry will be
imputable to each. If labor produced 3x before, capital
X, the same condition persists through the change. If,
then, the product enters exclusively into the consiunption
•of capitalists, labor gains not a whit, but loses no more.
If the product is exclusively a laborer's ware, labor gains
all, capital nothing. For, as before, the only use to which
capitalists can put the x value imputable to capital is to
secure other products through exchange, x remains the
product of capital, and commands no greater quantity of
other products than before.

If the 8aving of capital is more pronounced than the
saving of labor, capital b expelled, labor drawn into the
industry. The whole argument of our first tj^je may then
be employed, mutatis mutandis, to show that labor gains
in every case, capital ia every case losing in total value
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product and only in some cases securing compensation
through increased commodity income. If, on the other
hand, the saving of capital is less pronounced than that of
labor, while labor stands to lose in case the product is
consumed by capitalists alone, it loses less than In type
A, since less labor b expelled from the industry affected
by the change, less capital attracted to it, than in the case
of type A. Capital saving, attending labor saving, mani-
festly tends to extend the range within whieh labor saving
is beneficial to labor; and the greater the degree of capital
saving, the wider that range.*

But, if we assume that the diminution in labor cost is
attended by an increase in capital cost, it is obvious that
the result wUl be quite different. Labor was expelled,
capita] attracted, when capital cost per unit of physical
product remained constant. If we assume that capital
cost increases, it follows that both expulsion and attrac-
tion are accentuated. Where labor lost little before, it
now loses much. Where it gained considerably before, it
now may gain nothing: its greatest gains may be reduced
to little, if the increase in capital cost be great. Increase
in capital cost, attended by decrease in labor cost, narrows
the range within which labor may gain through labor
saving. The greater the increase in capital cost, the less
the possibilities of gain to labor; and it is not difficult to
conceive a labor-saving device which may wreak injiiry
upon labor, though cheapening the products which la-
borers consume.

And here it is pertinent to compare reality with our
fictitious constructions. Which type of invention are we

'Oapital.«aviiig devices, though oomparativdy neglected in economic litera-
ture, are probably not lees frequent or important than labor-saving devieee. Sim-
plification of machinery, cheapening of machinery through improvements in the
technique of their manufacture, are processes taking place everywhere. In a com-
plete discussion of the eifect of te(juuaal progress upon vrsgea this influence should
nweive detailed consideration; but it enters only incidentally into the present
problem.
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more likely to find,—tbe one wbicb lessens tbe capital
cost per imit of pb3fsical product, at tbe same time reduc-
ing labor cost, or tbe one wbicb increases capital cost ? Tbe
writer, at any rate, would find it far easier to cite instances
of tbe latter kind.

V.

Tbe reader, no doubt, bas found difficulty in suppressing
bis impatience wbile perusing tbe foregoing pages. It bas
been assumed consistently tbat value product bas re-
mained constant; but is it not an almost universal law
tbat labor saving is product multiplying? I fancy tbat
most defenders of labor saving are ready to rest tbeir case
witb a study of tbe results of product multiplication; and
by tbis, it will be generally agreed, is meant tbe increase
in value product as well as in pbysical product. Accord-
ingly, we may proceed to an examination of tbe results of
product multiplication.

In order to simplify tbe problem as mucb as possible,
I shall assume that industry A of the preceding discussion,
after a period of time in wbicb tbe value product remained
tbe same as before tbe improvement in tecbnique took
place, undergoes a eudden development, tbe value product
increasing mariy-fold. We may tben consider bow far
tbis development of tbe industry repairs tbe injury to
labor wrougbt by tbe original cbange. It is assumed as
before tbat tbe capital cost per unit of pbysica! product
remains unchanged, tbe labor cost alone decreasing.

Under tbese conditions some of tbe labor at first expelled
is drawn back into tbe industry. Quite conceivably tbe
amount attracted into tbe industry exceeds tbat originally
displaced; and tbis witbdrawal of labor from otber indus-
tries tends to increase tbe productivity of labor in tbose
industries. But tbe expansion of tbe industry we are
stud}dng requires tbe witbdrawal of capital also from otber
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industries,—a force which tends to reduce the productivity
of labor. Quite manifestly our problem requires a weigh-
ing of the two tendencies. Otherwise we have no right
to affirm anything at all as to the beneficence of multipli-
cation of product.

According to our assumption that, after the improve-
ment, capital cost per unit exceeds labor cost, it follows
that the expansion of the industry attracts more units of
capital than of labor. While, however, it may be affirmed
that the withdrawal of a unit of labor from the margin
tends to increase the productivity of labor, and that the
withdrawal of a unit of capital tends to lower it, we have
no right to assume that the withdrawal of one unit of each
leaves the productivity of labor unchanged. If labor and
capital are at present combined in the average propor-
tions of one unit to ten, it would be very unlikely that the
withdrawal of one unit of capital would diminish the prod-
uctivity of labor in the same degree that the withdrawal
of one unit of labor would augment it.

We may, however, assume that there is some quantity
of capital the withdrawal of which will diminish the prod-
uct of labor iri the same degree that the withdrawal of
a unit of labor will increase it. Call that quantity q. If
labor and capital are combined in industry A in the pro-
ixirtions of one unit of labor to q units of capital (after the
invention has taken place), the expansion of the industry
win be of no positive advantage to labor, though of no
disadvantage. For the gain to labor in other industries
from attraction of labor into A will be exactly counter-
balanced by the loss from attraction of capital into that
industry. The social gain from an increased consumption
of the products of A means nothing to the laborer, since,
it is assumed, the product is designed for capitalist con-
sumption. If, however, labor and capital are combined
in the proportions of one unit of labor to one-half q units
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of capital, labor will gain more from the attraction of labor
to A than it loses from the attraction of capital. Product
multiplication, in this case, tends to xindo the injury of
the original change; and the greater the degree of multi-
plication, the greater the probability that the Initial loss
to labor will be transformed into a positive gain. Con-
versely, if labor is combined with capital in the propor-
tions of one unit of labor to 2q units of capital, expansion
of the industry only emphasizes the mischief originally
wrought by the improvement in technique.

Next we may assume that industry B of the earlier dis-
cussion undergoes expansion. As we left that industry
after the improvement in technique, one unit of labor was
combined with three of capital. Expansion of the industry
would attract, then, one unit of labor for every three of
capital. Let this proportion represent one unit of labor
to q units of capital. So far as labor in industries other
than B is concerned, the expansion of industry B would
have no effect on the productivity of each unit. A day's
labor would command as much of every article other than
the product of B as it did before. It would command,
also, the same amount of B as before the expansion. But
the expansion implies that labor parts with a greater
quantity of the product of other industries, in which no
improvement has taken place, for a correspondingly
greater amount of the product of B in which such improve-
ment has taken place. Quite probably, then, the material
commodities consumed by labor and the real welfare of
labor have increased.

If we assume, however, that the proportion of one unit
of labor to three of capital represents one to 2q, conditions
change. When capital and labor are drawn into the in-
dustry in these proportions, the withdrawal of capital
from the remaining field reduces productivity more than
the withdrawal of labor increases it. Under such condi-
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tions tbe expansion of tbe industry reduces tbe command
of labor over aU articles except tbe product of B. Nor is
tbe command over B increased, altbougb, as before, ex-
pansion means a larger consumption of tbat product, and
may mean a gain in material welfare to tbe laborer. Tbe
net gain, bowever, is manifestly less tban in tbe preceding
case. And, if the expanding industry combines labor and
capital in the proportions of, say, one unit of labor to IQq
units of capital, tbe effect on labor may well be disastrous.

Obviously, tbe study of tbe expansion of an industry
under tbe infiuence of invention is merely one part of tbe
general study of tbe expansion of special industries in its
effect on tbe welfare of society and its classes; and tbis
study must be treated under tbe dynamics of consump-
tion. Wben an industry expands, it must be because of
sucb a cbange in wants as wiU make tbe product of a imit
of capital or of labor in tbe expanding industry represent
a greater value tban a like unit in some otber industry. It
is not difficult to conceive of cases in wbicb tbe develop-
ment of an industry may injure one of tbe factors, bow-
ever, tbougb sucb development must almost necessarily
increase total buman welfare. If tbe total quantity of
labor and capital remain constant, a great increase in tbe
demand for band-made lace, for example, would draw
labor away from otber industries, wbile leaving capital
practically imcbanged in tbose industries. Accordingly,
the pbysical productivity of labor would increase every-
where. That of capital would diminish in every industry
except, perbaps, in tbat of lace^making. Capitalists would,
of course, receive partial, or perbaps complete, compensa-
tion thirougb increased consumption of lace. If tbe com-
modity bad been one not consumed by capitalists, tbere
Would bave been no compensation for tbe capitalist. Sim-
ilarly, we can conceive of an industry in wbicb expansion
lowers tbe product of labor in general industry witbout
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offering any recompense in the fonn of increased produc-
tion of commodities adapted for laborers' consumption.

Returning now to the main subject, and resuming the
re ults of this part of tbe inquiry, it appears that the ad-
vantage to labor of product multiplying is by no means
certain and universal. Whether advantages shall arise
or not depends on the kind of product affected by the
expansion, and still more upon the combining proportions
of labor and capital in the expanding industry. The
former consideration has already been sufSciently ex-
ploited. What we are here interested in is the question
whether a practical invention will be most likely to cause
an expansion resulting in the withdrawal of labor and
capital from outside industry in the proportions of one
to q, one to q—, or one to q-\-. And, to answer this, we
must first consider whether q can be given definite sig-
nificance,

A little reflection will show that the proportion one
to q is something very near the average in which labor
and capital are combined in all industries. To with-
draw labor and capital from outside industries in such
a way as to leave the relative values of the products of
those industries unchanged, a certain amoimt will have
to be withdrawn from each industry. If the amoimts of
labor and capital taken from each industry are taken in
such proportions as accord with the general combining
proportions in that industry, the productivity of the re-
maining units of each agent remains imchanged. From
some industries one unit of labor will be withdrawn to-
gether with one of capital; from others one of labor,
together with ten of capital; and the regrouping in the
expanding industry will combine the factors in about the
average proportions of all industries.

Then, to understand the effect of the expansion of an
industry, we have first to consider whether the industry
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is one in which the proportion of labor to capital is superior
or inferior to the average proportions throughout society.
Practical labor-saving devices take place most frequently
in the industries that are already highly capitalistic, and
the expansion that follows the introduction of such de-
vices is in effect the expansion of an industry more than
ordinarily capitalistic. So far, then, the tendency of
practical product multiplication would appear to be to
lower the productivity of labor in outside industries.
At the same time, however, since the products thus mul-
tiplied axe most likely to be such as enter into the con-
sumption of the laborer, a certain amount of comjiensa-
tion is afforded through the increased consumption of
such products. The degree of adequacy or inadequacy
of such compensation will vary with specific cases.

In all the preceding discussion the effect of substitu-
tion has been ignored. The cheapening of the product
of one industry may lead to its substitution for the prod-
uct of some other industry. If the value product of the
industry affected by the change is not increased, and pro-
ductive agency, consequently, is not drawn into that in-
dustry, the labor and capital that may be driven from
some other industry by the substitution of the cheapened
product must find employment on the economic margin.
If the proportions in which the expelled units of labor
and capital were originally combined were about the av-
erage proportions, the productivity of units of labor and
capital in general industry will not be affected. If the
proportions, on the other hand, were one to q— or one
to 5-)-, this secondary effect of an invention may have
a decided influence in determining the net effect of the
improvement in technique upon labor. The same prin-
ciple will explain the effect of the substitution of the
products of an expanding industry for other products.

The result of our study may now be summed up as
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follows: Tbere is no logical basis for tbe view tbat every
labor-saving invention must necessarily benefit tbe la-
borer in tbe long run. Most practical inventions prob-
ably do, owing to tbe fact tbat most inventions cbeapen
products largely consumed by labor. Secondly, tbere
is no logical basis for tbe view tbat product multipli-
cation must necessarily repair damage tbat may be caused
by tbe original displacement of labor. Tbe beneficence
or maleficence of product multiplication turns upon tbe
combbiing proportions of capital and labor in tbe indus-
try concemed.

W.
But tbese conclusions are based upon tbe assumption

tbat tbe total amounts of labor and capital remain im-
cbanged,—an assumption similar to tbat on wbicb tbe
ancient argument for free trade, now so widely discred-
ited, was based. I bave assumed tbat, wben more capital
is needed in an industry, it is drawn from otber indus-
tries. Would not tbe results of tbe study be cbanged if
it bad been assumed tbat tbe capital required is not so
witbdrawn, but comes from a new source?

AU depends upon tbe origin of tbe new capital. If
it bas not been created specificaUy to meet tbe need of
tbe industry in wbicb tbe invention takes place, it makes
not tbe sligbtest difference wbetber tbat industry attracts
new capital or an equal amoimt of old capital. Witb-
out tbe cbange in tecbnique tbe new capital would bave
gone into general industry, and would bave increased
tbe pbysical product of labor tbere. Its absorption by
tbe industry in wbicb tbe invention takes plaee is no
less real a loss to labor tban tbe loss labor would bave
incurred if tbat capital bad distributed itself in otber in-
dustries, to be later witbdrawn.

But it may be tbat tbe capital bas been specificaUy
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created to meet thii5 need. In practical life the possessor
of an improvenient in technique is often at his wits' end
to sec'ofe capital with which to exploit it. AU that he
caJi save from his income is thus employed. His offer
of a high rate of interest induces those who trust him
to save what they can. Thus new capital is created ad
hoc. Furthermore, when once developed, a practical
invention creates a fimd of profits which is naturally em-
ployed for further development. Thus the profits due
to an invention are not only the lure that induces men
to make inventions, as Professor Clark has said: they
are also the inducement to the formation of capital to
exploit an invention, and, to a certain extent, the source
of such capital. The existence of profit, with the con-
sequent growth of capital, very probably renders ad-
vantageous to labor every labor-saving device, if a suffi-
cient period is given for adjustment. But eliminate
profit through improved financial methods, render it
easy to withdraw capital from established uses for em-
plo)Tnent in a new field, or to divert the natural increase
of capital from the old fields to the new, and it becomes
impossible to hold to the view tbat labor saving is in-
variably a force making for higher real wages.

S. JOHNSON.
UNTVIBSITT.






