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A Note on Indivisibilities, Specialization,
and Economies of Scale

By BriaN K. EDWARDS AND Ross M. STARR*

It is well known that factor indivisibilities
and opportunities for labor specialization
(division of labor) can result in scale econo-
mies. We argue that the second observation
is a special case of the first; labor specializa-
tion results in scale economies only through
indivisibility or other nonconvexity in the
use of labor. Hence, the observation that
labor specialization results in scale econo-
mies is correct but a half-truth; it relies on
the unstated assumption of indivisibility or
nonconvexity in the use of labor.! Tjalling
Koopmans (1957) citing E. H. Chamberlin
(1948) and Nicholas Kaldor (1934), de-
scribed this observation,

The relevant aspect of worker special-
ization appears to be that, up to a
certain degree of specialization, the un-
divided attention given by a specialized
worker to a full-time task of a suffi-
ciently challenging character produces
not exactly (but presumably more than)
twice as much as half-time atten-
tion (with half the training!) given to
the same task, if the other half of the
worker’s time (and training) is applied
to a different productive activity.

[p. 151]
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of Economics, Department of Economics, D-008, Uni-
versity of California-San Diego, La Jolla, CA 92093.
The views expressed in this paper are our own, and do
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Accounting Office.

'Indivisibilities need not be the sole rationale for
scale economies in capital. Nicholas Kaldor (1972) at-
tributes scale economies in part to the “three-dimen-
sional nature of space.” That is, that production capac-
ity in some processes will vary with physical volume of
plant or equipment while cost may depend principally
on surface area, the latter varying as the two-thirds
power of volume.
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Adam Smith noted that “division of labor
is limited by the extent of the market.”
On the contrary, if labor were fully divisible,
Smith’s statement would be false; there
would be no particular reason why market
size should pose a limitation on division of
production tasks. If, however, labor is indi-
visible or displays nonconvexity in use, then
Smith’s statement is correct. Sufficient scale
would be required to overcome indivisibili-
ties to allow (indivisible) labor to specialize
in separate portions of the production pro-
cess. Alternatively, a setup cost (a noncon-
vexity) in the transition of labor between
production operations is a sufficient condi-
tion for scale to be required to reduce aver-
age cost, through reduction of frequency of
switching operations. Finally, if a setup cost
in training time is needed for acquisition of
a specialized skill, this nonconvexity will
account for a scale economy in the employ-
ment of specialized labor for the production
sector (but not necessarily for the individual
firm).

1. The Pin Factor Example

In his pin factory analysis, Smith recog-
nized the role of nonconvexity in labor use,
attributing much of “the great increase in
the quantity of work...in consequence of the
division of labor...to the saving of the time
which is commonly lost in passing from one
specie of work to another” (p. 7). Hence, in
Smith’s view, employing the same worker at
different tasks requires incurring a transition
setup cost. Given sufficient scale, it is prefer-
able to allow labor to specialize and avoid
this switching cost, that is, to use labor in
indivisible increments.

The production of pins will involve choos-
ing one of many possible techniques of pro-
duction. The crudest technology will involve
using the same worker in all operations of
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production. More sophisticated means of
production are defined by having each unit
of labor assigned to fewer operations.

One man draws out the wire, another
straights it, a third cuts it, a fourth
points it, a fifth grinds it at the top for
receiving the head; to make a head
requires two or three distinct oper-
ations: to put it on, is a peculiar busi-
ness, to whiten the pins is another; it is
even a trade by itself to put them into
the paper; and the important business
of making a pin is, in this manner,
divided into about eighteen distinct
operations, which, in some manufacto-
ries, are all performed by distinct
hands, though in others the same man
will sometimes perform two or three of
them. [Smith, pp. 4-5]

As an illustration of this example, con-
sider a family of production functions, in-
dexed by k=1,...,n, by which a single
output, y, is produced. Although actual pro-
duction of y will involve only one of the
functions, progressively higher output levels
will be achievable for a given set of inputs
by using a more specialized production func-
tion. The limitation on specialization will be
indivisibility or other nonconvexity, so that
higher levels of specialization will be avail-
able only with sufficient input units. Con-
sider the primary production function,
defined by

k
(1) y=fk(x1,...,xk)=bknx;1,k

i=1

where y = output under process k =1,..., n;
where x; = quantity of labor pursuing spe-
cialty i, i=1,..., k; for each k, X¥_,a;, =1,
«;;, > 0; where b, = technology parameter for
process k; and b, > ((k +1)/k)b,.

We have J workers, j=1,..., J. The vari-
able x;; is the amount of labor in specialty i
provided by worker j: x; =Y/-1x;;. Accord-
ing to (1) there are n possible separate pro-
duction processes, ranging from the simplest
involving production by using only one task,
(k =1, i.e., one class of labor input), to more
complex ones involving many.
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To convert f, from constant returns to
increasing returns let

(2) Fk(xll,...,xij,...,xkj)
J J
= /i Z [xlj]""’ 2 [xkj] )
j=1 j=1

where [x,;] denotes the greatest integer < x, ;;
or let

(3) Grl(xppseees Xyjaes Xip)

=fk(x1""’xk)_ 2 Z ci{xij}’

i=1,=1
where ¢; >0 and {x,,} is defined to be

0 forx,; =0 and 1 forx,;;>0.

To represent the sources of scale economy,
we consider indivisibility (2), and setup cost
(3). The advantages of specialization are em-
bodied in the assumption that b;+1> ((j +
1)/j)b;. As a result, the production func-
tions defined in equations (2) and (3) have
the following characteristics: 1) for a given
value of labor input, ¥,X,x;;, production has
higher average product (value of f,) as we
move from lower-order to higher-order pro-
cesses within limits imposed by indivisibility
and setup cost; 2) higher-order processes
involve a finer division of inputs; and 3)
while production within each process is char-
acterized by constant returns to scale, the
presence of indivisibilities or setup costs in
the use of inputs results (though not uni-
formly) in increasing returns to scale.

II. Labor Specialization and Scale Economies
in the Elementary Literature

Indivisibilities in equipment and the de-
sirability of labor specialization are cited in
the elementary literature as distinct sources
of scale economies in production. Indivisibil-
ity (or other nonconvexity) of labor is sel-
dom made explicit. Edwin Mansfield’s text
(1976) is typical of treatments that use labor
specialization as a rationale for scale econo-
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mies without treating indivisibility of labor
as a logical step:?

Some inputs are not available in small
units; for example, we cannot install
half an open hearth furnace. Because
of indivisibilities of this sort, increasing
returns to scale may occur....Greater
specialization also can result in in-
creasing returns to scale; as more men
and machines are used, it is possible to
subdivide tasks and allow various in-
puts to specialize.

[Mansfield, pp. 128,129]

II1. Conclusion

The possibility of productively superior
specialization of labor is not, in itself, a
sufficient condition for the presence of scale
economies in production. The link between
specialization (division of labor) and scale
economies is indivisibility or other noncon-
vexity in application of labor. The classic
treatment of Smith implicitly recognized this
point and it was elaborated by Koopmans.
Nevertheless, it is not explicit in the current
elementary literature, which thereby ob-
scures the logic of the analysis.

2The following standard texts recognize scale econ-
omies without going into detail as to their relationship
to labor specialization: Charles Baird (1975), James
Gwartney and Richard Stroup (1980), David Kamer-
schen and Lloyd Valentine (1981), E. Warren Shows
and Robert Burton (1972). Alternatively, Stanley Kaish
(1976), Paul Samuelson (1980), and Donald Watson and
Malcolm Getz (1981) treat specialization and scale in a
fashion similar to Mansfield. Richard Lipsey and Peter
Steiner (1975) is an exception in explicitly recognizing
indivisibility in use of labor. Joan Robinson and John
Eatwell (1973) emphasize organizational and distribu-
tional issues rather than technology in their discussion
of division of labor.
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