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1. Introduction

Sincethe time of Adam Smiththe ongoingdivision of labor has been viewed
as a central feature of econonpimgress.This phenomenon hdso asgcts: (i) the
division of labor within firmsand (ii) the division of labor betweeifirms. The former is
concerned with the range of tasks performedwvoykerswithin any particularfirm,
while the latter deals with the range of products that any particular firm produces.

However, the past decadbas witnessed widespread changes in the
organization offirms that calls part ofthis conventional wisdom into question. These
changes are documented in a large body of case studies matmEgement and
business administration literature©n the one hand, the progressismecialization
betweerfirms continues, as large numbers of businessbstin themanufacturing and
the servicesectorsdivest themselves of margingfoductlines and concentrate more
heavily ontheir "core competencies". On tlether hand, there is evidence of a
progressive breakdown of occupational barneithin firms, ascorporatehierarchies
are restructured and delayered, amtkers aregiven widerranges ofresponsibilities
across tasks. Consequentlymiy besaid that, over the past decade, acreased
division of labor betweenfirms is often accompanied by a reduceidision of labor
within firms.

This paper focuses on thdvision of labor within firms, examininghe change
in work organization away fromthe traditional d@inctional departmentge.g.
production, administratiorfinance, design, and marketinigpartments) antbwards
multi-tasking and jobrotation within relatively smallcustomer-oriented teams. We
provide ananalysisthat identifies some major determinants of this change and
highlights some important channels whereby these determinants work.

Section 2 presents a simple modewark organization. Section 3 derives its
implicationsfor the division of labor within firms.Section 4 concludes, relating our

analysis to the existing literature.

! See, forexample, Hammer and Chamy$993), Pfeiffer (1994)Wikstrém and
Norman (1994).
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2. A Simple Model of Work Organization

For simplicity, consider a firnthatemploystwo workers attwo tasks (1 and 2)
to produce a homogeneoostputq. The firstworker devotes the proportianof his
available time tatask 1 (and thus the proportion ()Ll10 task 2),while the second
worker devotes the proportiohto task 2 (and thus the proportionTTLto task 1).
Let e ande, be thefirst worker’s labor endowment (labor inputefficiency units) at
tasks 1 and 2gespectively; and IdE; andE; be the second worker’s labor endowment
at these two tasks. Then the production function is
q=f(tg+(1-T)E,(1-1)g+TE) (1)
where themarginalproducts argositive €;, f, > 0) anddiminishing €1, f» < 0). We
assumethat thefirst worker has a comparative advantagetask 1,relative to the
second worker: g/e;) > (Ei/E;). Furthermore, foisimplicity, the workers’ labor is
assumed to entehe productionfunction symmetrically, sahat wecan restrict our
attention to the first worker.
To get a straightforwardhandle onthe worker’s returnfrom specialization
versus multi-tasking, we assume that the worker’s labor endovanent 1,2) ateach
taski depends on two factors that we call
(i) the return to specializationthe moretime aworker devotes to a task, timeore
productive he becomes, due to learning by doing, and

(i) the informational task complementantyhe moretime aworker devotes to one
task, the more productive he becomes at anoéis&gsincethe worker isable to use
the information acquired at the former task to improve his performance at the latter.

Let the returns to specialization, for the first worker above, be represented by

5=5(1) and 5= §(1-1) , §',8">0 2
and let the corresponding informational task complementarities be given by
¢=g(l-t)and ¢ =¢(1), ¢'¢>0 3

We assumehat the worker'dabor endowment at taskdepends positively on these

two returns:
& =8(s ¢)=shc F12 @)
where(0€ ; /0s),(6€; /0¢)>0 fori, j=1,2.
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Now define the elasticity ofthe return tospecialization withrespect to the
fraction of time the worker devotes to the two tasKs as
rﬁ:it >0, njzi(l—r)>0 (5a)
S S
and definethe elasticity of informationatask complementarities witmespect to the

fraction of time the worker devotes to the two tasks as

n§=—%r <0, ngz—%(l—t)<0 (5b)

To provide a snple model ofhow the return tespecialization andhe informational
taskcomplementarity affectthe organization ofvork, it will be convenient to assume
that these elasticities are constants.

Another aspect of the firm’s production technology fhlays anmportant role
in the analysisbelow is the degree @aéchnological complementarigmong the two
tasks, as represented by the cross-padgaivatives ofthe productionfunction (1).
This featuremay becalled the “technologicaltask complementarity.” Denoting the

labor services athe two tasks byA, =te +(1-T)E and A, =(1-1)e, +TE,, we

A
measure this complementarity in terms of ;%T‘ :T“eju , which isthe elasticity
; .

of the marginalproduct of one taskith respect to thether task, wherg, j = 1,2,
i #j,andv =1,1-1 whenj =1,2.
Let the firm's profit be mt=q-k, wherek is the laborcost which, for

simplicity, is assumethdependent of the workersime allocation amongasks: The
firm is assumed to determine this time allocation. Tnefitability of a marginal
reallocation of the workers’ time across tasks is

0 s c s c
%; fL+eng+ng) s, &) — f,0L+n 5+n )T sOc0 (62)

2 As the worker devotes a greater proportionf time to task 1, his returns to
specialization at that task rise, so that the elastigitis positive. Similarly for task 2.

% As the worker devotes a greater proportiasf time totask 1,his informationatask
complementarity from task 2 falls, so that the elastigifyis negative.

* This assumption isasilyrelaxed. If, forexampleworkers are noindifferent to their
time allocation and ithe laborcostreflects these preferences, then the preferences
would enter as another determinant of the restructuring process below.
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and the rate of increasing or decreasing returns to the marginal time reallocation is
alr[ S C f S C S f S
~ S =(1+n+n)) (s &0 EEPl[en(l+nl+m)+(nl+n J-€ =, +nzﬂ
ot T 1-tT (6b)

H1+n3 +n§)i§@ﬂjtﬁlfﬁ[sz(l+n§+n§)+(n sn9|-e 21%(1+nf+n1ﬂ

by the profit function, the productidanction (1), andhe labor endowmentgpecified
in (2)-(5b).
Then thefirm’s profit-maximizing organization ofwork is given by the

following condition®

Conditon CI If (om/ot)=0 for O<t<1 and (0°m/dt?)<0 in the
neighborhood of(drt/dt) =0, then the wrker will be engaged imulti-tasking;
otherwise the worker will specialize by task.

We now proceed texaminedeterminants afvork organization and the role of

these determinants in the restructuring process.

3. Determinants of the Organization of Work

Within this framework, the role of taskomplementarities andeturns to
specialization in determinintipe organization ofvork can be highlighted bgxamining
two polar extremes of a workertsuman capitahcross theéwo tasks: “complete one-

sidedness” and “complete versatility:”

Case I We call a workecompletely one-sidedhen he is productivenly atthe task
in which he has a comparatiaglvantages (t) >0 for >0, ands,(1-t) = O forall 1.

In this case equation (6a) becomes

aT[ S C i)
Fa f,[{1+n3+n$)ds,[&,0) >0 (6a’)

Since an interior optimum ithe allocation otime across tasks isnpossible in this

case, the organization of work will invariably be specialized by task.

®> Since the labor of both types of workers enters the productionction
symmetrically, conditions analogous to C1 and C2 determine whetiersecond
worker specializes or engages in multi-tasking.thkere is specialization,the first
worker specializes atask 1while the secondspecializes atask 2, since the first
worker has a comparative advantage at task 1, relative to the second worker.
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Case II: We call a workecompletely versatilewhen he is equallgroductive at both

tasks: (XY =s(3= ¢ X and c(y)=c(y)=¢y for any positive x and y,

0<x,y<1. If both workers arecompletely versatilethen, byour assumption of

symmetry,f, = f,=f', e,=¢€,,=¢,,n;=nN,=n°%Nn;=N5;=Nn° ande,, =€, =¢;

for i # ] . Then equation (6b) reduces to

gtiz[=4(1+ns+r]°)[@suﬂ')tp f‘[b“(1+r]s+r]°)+(r13+r]‘3)]—eij Df'(1+r13+r]°)] (6b")
Equation (6b’) togethemwith Condition Climply that the organization ofwork
depends oifa) theelasticity ofthe return taspecialization 1f®) relative tothe elasticity
of the informational task complementarity i) and (b) thetechnological task
complementarity g;, 1 # j) relative todiminishingreturns to laborsgj). To seethis

simply and clearly, consider the following two special cases.

Case lla: Whenthere areconstant returns to labaiso thatf; = g; = 0, fori,j = 1,2),

it can be showrthat theorganization ofwork depends entirely omhe returns to
specialization relative ttheinformationaltaskcomplementarities. When an increase in

the time spent at a taskaisesthe productivity of labor athat task by more than it
raisesthe productivity of labor at thether task, themork will be specialized byask.

In other words, there will be completpecialization when an increase in experience at

a task raises the proportional returns to specialization at that task by more than it raises
the associatednformational task complementarities, i.e. when® + n° > 0.
Converselythere will bemulti-tasking when an increase in experience tstraises

the informational task complementarities by more thenreturns tspecialization, i.e.

whenn®+ n°< 0. In sum:

Proposition 1 If the marginal products of labor are constamt; (=0 for i, j = 1,2),

then the organization of work depends on the returns to specialization relative to the
informational task complementarity. In particulavhenn® + n° < 0 there is multi-
tasking, and when® + n° > 0 there is complete specialization.

To see this, it is convenient to visualize the firm’s profit maximization problem in terms

of an opportunity locus and an isoquanfi—A, space. In particular, the opportunity
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locus is given byA, =te +(1-T)E and A, =(1-1)e,+TE,, and the isoquant is
given by f(A;,A,)=0 (a constant). Thdirm’'s problem is tochoose thetime
allocationt so as to reach the highest isoquant achievable along its opportunity locus.
It can be showrthat whenn®+n°>0, the opportunity locus is convex, as
shown by the curv®L in Figurela. If ¢; =0 fori, j = 1,2, then the isoquai® is
linear in A, —A, space. When workers acempletely versatilethe opportunityocus
IS symmetric inA, —A, space, and bpur symmetry assumptioacross tasks, the
isoquant issymmetric inthe same sense. Then highest isoquant is reachta @wo
end-points of the opportunity Iocus(.O,Xz)and(Xl,O), which impliescomplete

specializatiorf.

On the otherhand, whenn®+n°<0, the opportunity locus is concave, as
illustrated in Figure 1b. Therglearly, the highest linearisoquant is attained in the

interior of the opportunity locus, 42\*1,)\*2) in the figure.This impliesmulti-tasking,

with T = 1/2 in this special case.

Case llb: Whenthe returns tospecialization andhe associateéhformational task
complementaritiegre equally responsive to changestlre fraction ofavailable time
devoted to the relevariask, then itcan be showrthat theorganization ofwork
depends on the&chnologicaltask complementarity relative tdiminishingreturns to
labor. In particular, if an increase tine fraction oftime devoted to a taskaises the
returns tospecialization athat task by theameproportional amount as the associated
informational task complementarities {*+n°=0), the organization ofvork will
involve complete specialization whéime marginalproduct oflabor service ( i=1,2)

diminishesmorerapidly with labor servicg (j #i) than with labor service ¢; <g; .

Conversely, there will be multi-tasking whep >¢; . In sum,

®Needless to say, this solution i®t one of multipleequilibria. Rather, when the
workers arecompletely versatildyoth types of workers aidentical, andhus thefirm
finds it worthwhile to devote half its workforce to task 1 and the other half to task 2.
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Proposition 2 If n®+n°=0, then the organization of work depends on the

technological task complementarity relative to diminishing returns to labor. In
particular, whene; >g; , for i #j, there is multi-tasking; anavhen¢; <g; , for

i # ], there is complete specialization.

If n°+n°=0, the opportunity locus inear; and ife; <g; , the isoquant is

concave to the origin, as shown in Figue Thus, thérighest isoquant is once again
attained at the end-points of the opportunity, and workalisspecialize bytask.

the isoquant is convex to the origin, as illustrated in Figure 1d.

However, ife; >¢; ,
Here thehighest isoquant is reachedtire interior of theihearopportunity locus, so
that workers engage in multi-tasking.

The special cases abohelp shed light orthree major determinants of the
restructuring process, whereby the organizatiowark ischanged from specialization
by task to multi-tasking:

() Changes in information technologiethat increase the informational task
complementarities: For examptag introduction of computerizadformation systems
often gives employees easy access to information withi@ firm and thereby
encourages thexercise of multiple skills. lmur model, theincrease in informational
task complementaritiesnay berepresented by an increagee absolutevalue of the
elasticityn;“.

(i) Changes in production technologighat increase the technological task
complementarity: For example, the application of flexible machine tools and
programmable equipment often makes differskitls more complementary to one
another. In ourmodel, theincrease in whatmay be called “technologicaltask

complementaritiesimay berepresented by an increasetine elasticity g; for i # |,

since this technological change raigles amount byvhich the marginalproductf; of

taski increases in response to additional labor services.

(i) Advances in human capitgtroduced by the educati@ystem, enablingvorkers

to become more versatile, i.e. more capable at performing multiple tasks: Recalling that
the worker under consideratitias a comparative advantageask 1,this increase in

versatility may berepresented by an increase gf(X) relative to s(x), for any

positivex, 0< x< 1.
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Equations (6a) and (6b) provide enpie analyticatontext inwhich to analyze
the above determinants of the restructuring processpidfie-maximizing responses
of work organization to these determinamtg®y be summarized bythe following

proposition:

Proposition 3 Consider a firm in work is specialized by task (etgs 1). Then, in
response to a sufficiently large

(a) improvement in information technology that reduggsfor i = 1,2),
(b) improvement in production technology that raisgsfori # j, and

(c) improvement in the versatility of human capital that raisgs)s relative to
s (X, for any positive xp< x<1,
the firm has an incentive to change its work organization in favor of multi-tasking..

Proof: Suppose thaitially (azn/ 6T2) >0. Then asufficiently large reduction im?,

fori # j will lead to(0*m/d1?)<0. But (0°/d1%) <0 is

still compatible with a corner-point solution, providethat (dm/0t1) exceeds
(ort/0(1-1)) over the entire range <r < . However, asufficiently large rise in
s,(X relative tos(X), for any positive X, 0<x< 1 will diminish (9rt/01) relative
to (0mt/d(1-1)) and thus lead to an interior solution.

fori=1,2,and rise ing;,

Figures 2 provide an intuitive understandingPobposition 3. Fig. 2a pictures
the firm’s initial state, inwhich work is specializedHere thefirm’s marginal profit

with respect to the time allocation rgE = of oA, + of oA

2 >0 for the entire range
0t O0A, 0T OA, Ot

0<t < 1. Manipulating this condition, we obtain

_(8f 1an,) _(@r, /a1) @
(af 10A,) ~ (an, /or)

Observehat theleft-hand term ighe slope of the isoqual® and the right-hand term
is the slope of the opportunity locGd. in Fig. 2a.
Then asufficiently large increase ithe informationaltask complementarities

(i.e. asufficiently large reduction im?, fori = 1,2) will turn the opportunitjocusOL

from a concave function (as in Figa) to a convex one (as kigs. 2b and2c).
Moreover, asufficiently large increase ithe technologicataskcomplementarities (i.e.

a sufficiently large rise ing., fori#j) will turn the isoquaniQ from a convex

ij?

function (as in Fig2a) to a concave one (asHigs. 2b and®c). But as Fig. 2b shows,
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a convex opportunity locus and a convex isoquanhatsufficient toguarantee that
multi-tasking will be more profitable than complete specializasomge it is possible
for the opportunity locus to ifficiently skewed t@enerate a corner-point solution.
However, thencreases ithe versatility of human capitakduce the skewness of the
opportunity locus and thistogether with the increases inthe informational and
technologicaltask complementarities, leads to an interior solutionwinich muilti-

tasking is the preferred organization of work.

4. Concluding Thoughts

Our analysisattempts to provide a new perspective on the organization of
work. The recent literature on thdivision of labor within firms (e.g. Becker and
Murphy (1992), Bolton and Dewatripont (1994), and Yang and Borland (1991))
focusesprimarily onthe returns tespecialization relative tthe costs of co-ordination
across workerslt shows, amongther things, that as the costs afommunication
among workerglecline,the returns tespecialization rise relative tine co-ordination
costsand consequently thaivision of labor withinfirms increases. Another branch of
the literature (e.g. Baumgardner (1988), Kim (1989), and Stigler (1951)) shai\ss
the size ofthe marketincreaseqdue to, say, economigrowth or theexpansion of
internationaltrade), the greater is thdivision of labor that it supports. Yet another
branch (e.gHolmstrom and Milgrom(1991)) shows how thdivision of labor within
firms depends on the degree which performance oparticular tasks isneasurable
and the degree tavhich wages affectask performance. These contributions ro,
however,explainhow educationahchievements ancecent technological advances -
particularly,the application of improved information technologies anel introduction
of flexible machingools andprogrammable, multi-purpose equipmemhaylead to a
reduceddivision of labor within firms.Our analysishas done so bgxamining changes
in the division of labor from the perspective of thara-personalreturns frommulti-
tasking, rather than thater-personalreturns from co-ordination of workeactivities
or the incentive effects of wages.

In particular,our analysishas focused ohow complementarities among tasks
can be exploited wheindividual workers use theiexperience at ongsk toimprove
their performance at anoth&sk. In practicethis phenomenon - versatilitggcross

tasks, the ability to combine different tasksnaeting a customer's neetls ability to
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applythe knowledgegained abne task tamprove productivity aanother task - can
take on a widevariety of forms:the use of customanformation gained from sales
activities to improveproductdesign, the use déchnological information gained from
productionactivities to improvefinancial accounting practices, the use ehployee
information gained from training activities to improwerk practicesand soon. The
literature on organizational restructuring (cited in Section 1) sugtestaowadays
this phenomenon plays an increasinghportant role in the restructuring afork. In
this context the introduction of new computer technologies eacatile capital
equipment can enhance inter-task complementarities and thereby leatkd¢tna in

the division of labor within firms.

References

Baumgardner, James R. (1988), “The Division of Labor, Local Markets, and Worker
Organization,”Journal Of Political Economy96, 509-27.

Becker, Gary S., and Kevin M. Murphy (1992), “The Division of Labor, Coordination
Costs and KnowledgeQuarterly Journal of Economi¢d407(4), 1137-1160.

Bolton, Patrick, and Mathias Dewatripont (1994), “The Firm as a communication
Network,Quarterly Journal of Economi¢c409(4), 809-839.

Hammer, Michael and James Champy (193¢ngineering the Corporationdarper
Business, New York.

Holmstrom, Bengt, and Paul Milgrom (1991), “Multitask Principal-Agent Analyses:
Incentive Contracts, Asset Ownership, and Job Desigmifnal of Law, Economics,
and Organization7 Sp, 24-52.

Kim, Sunwong (1989), “Labor Specialization and the Extent of the Marketyhal
of Political Economy97(3), 692-705.

Pfeiffer, Jeffrey (1994 ompetitive Advantage through peqgtarvard Business
School Press, Boston, Mass.

Stigler, George J. (1951), “The Division of Labor is Limited by the Extent of the
Market,” Journal of Political Econom\59, 185-93.

Wikstrom, Solveig and Richard Norman (1984)owledge and ValydRoutledge,
London.

Yang, Ziaokai, and Jeff Borland (1991), “A Microeconomic Mechanism for Economic
Growth,” Journal of Political Economy, 99, 460-82.



