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1. Introduction

The past decade has witnessed a congtellation of fundamental changes in production
technologies, the nature of physical and human capita, and ideas about how to organize
firms. This development has set in motion a process of restructuring the organization of work
in many firms of the advanced industridized countries. The process has been given
congderable atention in the news media and in the business management and sociology
literatures, * but has received relatively little emphasisin economic theory thus far.?

Until recently the evidence for this restructuring process conssted mainly of a large
numbers of case studies. Over the past few years, however, anumber of systematic, broad-
based, empirical investigations have been completed, establishing the quantitetive importance
of the reorganization process. For a summary of the results of these studies, see Lindbeck
and Snower (1999). The precise nature of the reorganization process naturaly varies from
firm to firm, but the evidence is now sufficiently detailed® that it is possible to recognize some

prominent central festures. These festures include an increased role of team work and job

! Examples of studies where this process is described, and sometimes also recommended,
are Hammer and Champy (1993), Pfeiffer (1994), Wikstrom and Norman (1994).

2 Studies on the implications of this process for economic activities include Appebaum and
Bott (1994), Kremer and Maskin (1996), Mitchdl, Lewin and Lowler 111 (1990), Levine
and Tyson (1990) and Piore and Sabed (1984). For an andyss emphasizing the
complementarities of different functionsin the restructured firms, see Milgrom and Roberts
(1990). Their focus of attention differs markedly from ours, however, in tha they
concentrate on changes in production technology (in terms of the rate of product
improvements, processing and delivery time, setup costs, and the like), while we emphasize
changes in the nature of work (multi-tasking in particular). Findly, Lindbeck and Snower
(1996, 1999) examine the implications of organizationd restructuring for wage inequdity and
centraized bargaining, respectively.

® Detailed studies of various European countries include the European Foundation (1997,
1998) and the OECD (1996). The reorganization of work in Nordic countries is examined
by NUTEK (1996, 1999). Gdlie et a. (1998) present detailed studies of the reorganization
of work in the UK, emphasizing the consequences for the efficiency of work, work
satisfaction and worker-employer rdations. Aoki (1990) documents new forms of work
organization in Jgpan, which in some respects pioneered the process. Osterman (1994)
focuses on U.S. manufecturing establishments. Lawler, Mohrman, and Ledford (1992)
examine the restructuring process in the Fortune 1000. The existing evidence indicates that
the redructuring of work is a quantitatively important phenomenon in many OECD
countries.
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rotation, a reduction in the number of management levels, continuous learning and
development of complementary skills, decertrdization of respongbility within firms and
direct participation of employees in decison making on multiple fronts. The empiricd studies
show that the restructuring process is widespread in terms of countries, sectors
(encompassing services as well as manufacturing), and firms within sectors. It appears that
the various features of this process have a common thread: emphasis on learning multiple
tasks, the blurring of occupational barriers, and the use of experience gained at one task to
enhance performance at another task. These phenomena are the focus of our paper.

The reorganization process appears to be driven by a variety of inter-related forces.
Ore is the introduction of computerized information and communications sysems, which
have provided employees with greater access to information about other employees work
within the organizetion and aso made it eeser to communicate with others. The new
information technology has dso given individuad employees better information about
customers, permitting them to respond better and more rapidly to changing customer needs.
Not only have these advances facilitated the decentralization of decison making within firms;
it has dso enabled employees to become more involved in each other’s tasks both within
their own teams and in other parts of the organizations. Team work and job rotation, hence
multi- tasking, have become important ways of meeting these new demands. Supervison and
management control of workers continue to be important, though there is a tendency for
such supervision (and the related punishment and reward), to be less detailed, less tied to
specific activities pursued by individua workers, and instead more closdy associated with
post facto performance. *

A second driving force is the introduction of flexible machine tools and programmable
equipment, which has made the capitd stock more versdile, i.e. cgpable of performing
wider gpectra of tasks. As a result, the workers cooperating with this capital stock are
required to become more versdile as wdl. In the manufacturing sectors, this development
has often reduced returns to scale, lowered setup and retooling costs, permitted shorter
production cycles, and faster deliveries. This, in turn, has enabled firms to give customers
more individudized trestment. Moreover, greater interaction with customers often implies

* See, for instance, Gallieet d. (1998).
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that employees need to exercise socid, interactive skills in addition to fulfilling their formal
occupationa requirements.

A third force, sgnificant throughout the indudtridized world, has been the steady
growth of human capita per worker, generated by education systems, vocationd training
programs and onthe-job training. This growth has taken the form not only of “capita
despening,” in the sense that individua workers hae improved ther performance of
particular Kkills; it has dso involved subgtantid “capitd widening,” i.e. increased ability to
perform a variety of skills. This development —and especidly the widening of human capital
—ispermitting firmsto reorganize and integrate tasks aong the new organizationd lines.

A find driving force has been changes in workers tastes. As they acquired better
generd education and wider varieties of skills, many workers have come to prefer jobs that
permit the exercise of diverse skills. More and more employees came to resent the
monotonous, fragmented jobs of traditiona organizations and to prefer more varied, multi-
faceted work.

An important consequence of the above changes is that occupational barriers are
breaking down. The traditiona organizations required employees to have highly specidized
skills, appropriate for standardized production processes. Production workers required
narrowly defined manud skills, sdes people needed socid competence, adminigtrative
personnel needed organizational and accounting skills, product designers needed credtivity,
and managers required judgment, initiative, leadership, and coordinaion skills. It is on
account of this specidization that employees could readily be divided into distinct, well-
defined occupations, over which the traditiond distinctions between “skilled” and “unskilled”
workers could be made. In this environment, relaively little attention was given to peopl€'s
capacity to acquire and use multiple skills; if a person happened to have more than one
occupationa aptitude, he generally had to decide which particular one to use and let the rest
liefdlow.

In the new types of firms emerging nowadays the traditiona separation of roles tends
to bresk down. Workers are often given responghilities spanning more than one of the
traditiona occupationad groupings. Greater emphasis is now aso placed on continuous
learning and skill development, al-round knowledge, the potentid to acquire multiple skills,
and the ability to learn how the experience gained from one skill enhances ancther skill. The
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new forms of work organization are commonly designed to facilitate such “multi-task
learning” in order to exploit complementarities among tasks.

It is of course not surprising that the four above-mentioned driving forces — advances
in information technologies permitting integration of tasks, increased versatility of capita
equipment, “widening” of human capita across tasks, and changes in workers' preferences
in favor of more varied tasks — should lead to the blurring of occupationa boundaries and
job rotation. But the main point of our analysis is thet it provides a theoretica framework
within which this association can be rigoroudy andyzed and thereby becomes
sraightforward. The andysis focuses atention on aspects of technologicad change, skill
acquigtion, and preference changes that have been largely ignored in the manstream
literature. Once we have developed a framework of thought that brings these eements into
center-stage, the links between multi-tasking and its determinants are obvious.

The blurring of occupationd barriers and the rise of multi-task learning is dosdy
associated with the decentrdization of authority within firms., The traditiond pyramida
sructures in service and manufacturing organizations, in particular large ones, implied that
authority flowed from senior executives, down through layers of middie management, to the
workers in the various functiond departments. This sructure is increasingly giving way to
flatter organizations in which customer-oriented teams are often given greater authority.
Decison making has been moved closer to the people who have the rlevant information,
much of which is tacit knowledge among front-line workers. The decentrdization of decison
meaking often aso takes the form of consultation or delegation, or both. On account of the
four above-mentioned driving forces underlying the reorganization process, the
decentrdization of decison making often means that employees perform awider variety of
tasks within their firms than heretofore. For instance, employees often share tasks within
teams or combine a core job with other tasks, even sometimes including some manageria or
conaultative functions (such as participation in so-cdled “qudity cirdes’ or other advisory
groups).
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A vaiegty of managerid innovations — such as Total Quality Management (TQM), lean
production, and just-in-time production’ — fadilitate the decentraization of decision making
and learning across tasks. The move towards customer-oriented teams encourages the
exploitation of complementarities among tasks, the sharing of tasks within teams, and
bringing the decision making power closer to the people who have the rdevant information.

But multi-tasking, job rotation, and the blurring of occupationd barriers are not the
only consequences of the ongoing reorganization of work. Particularly sgnificant is the
expanson in the scope for learning and the returns from it in the new organizationd
envirorment. This agpect is our main focus of atention in this paper. The importance of
learning makes the decentraization of decison making within firms yet more important, snce
centra management has far less information about workers learning opportunities and
achievements than the workers themselves,

We will distinguish between two broad types of learning: “intra-task” and “inter-
task” learning. Intra-task learning is learning-by-doing in the traditionad sense (Arrow
(1962)): the more time a worker spends at a particular task, the more skillful he becomes at
performing that task, and thus the greater his productivity from this activity. Inter-task
learning, on the other hand, arises when a worker can use the information and skills
acquired at one task to mprove his performance a other tasks. Much of this inter-task
learning tekes place through job rotation within and between teams of workers in
production, management, marketing, etc. However, inter-tak learning may adso be
important among tasks that have traditionaly been separate within firms. For instance, when
aworker is involved in sales, he gains information about customer preferences that can be
put to use if he is engaged in consultative groups or the provison of ancillary services to the
custorrers (such as repairing or advice giving). Furthermore, when a worker is involved in
production, he gains information about technological processes that can be useful if he
contributes to organizationa improvements or perhaps even product development. The
business adminigtration literature (cited above) provides a wedth of examples: information

®> An important objective of lean production and just-in-time production is that they expose
the precise points in organizationa networks where production problems, bottlenecks, and
delivery delays arise, thereby enabling at these employees to tackle these deficiencies in a
decentralized manner.
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gained through marketing may be applicable to product design, information gained on the
production line may be useful in product development or in training of new recruits or in
devising appropriate accounting procedures, and so on.

The tasks over which job rotation, multi-tasking, and learning occur are here
interpreted in a wide sense. They cover not only forma occupationd functions, but dso the
exercise of socid skills, communication with fellow employees and customers, collaborative
skills, judgement, initiative, and credivity. In what follows, the traditiona producer
organizations — in which workers speciaize heavily by tasks — will be caled “Taylorigtic.”®
The new, integrated organizations — heavily rdiant on job rotation, decentraization of
decison making, and inter-task learning — will be called “holigtic.” It is important to note
that our digtinction between Taylorigtic and haligtic organizations rests on the degree of task
specidization among workers, not specidization in production among firms. These two types
of specidization need not proceed in tandem; quite on the contrary, many reorganized firms
engage in multi-tasking while focusng more rarrowly on their “core competences’ in
production.

There is a large literature, following the path of Adam Smith, on the determinants of
pecidization of work in society, but little of it has focused on the features described above.
Much of the recent literature on the organization of work within firms (eg. Becker and
Murphy (1992), Bolton and Dewatripont (1994), and Yang and Borland (1991))
concentrates on the returns to specidization vis-a vis the cogts of coordinating the activities
of different workeas. In this context, falling costs of communication (due to improvementsin
information technologies) lead to greater specidization among employees within firms, not
more multi-tasking. Others (e.g. Holmstirom and Milgrom (1991)) have examined how the
choice of tasks within teams depends on the remuneration system and the measurability of
task performance. Rosen (1983) has shown that individuads specidize their investment in
skills when there are increasing returns to human capitd utilization and that non-specidization
occurs when the cogts of investment in different types of skills are non- separable.

® A term in honor of Frederick Taylor (1911), the pioneer of scientific management of firms.

" In making this distinction, our aim isto focus on broad, overal trendsin the organization of

work. There are of course counterexamples, involving increasing task specidization, such as
much research and much medical and legd practice.
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None of these contributions, however, explain organizationa changes associated with
reductions in the degree of labor specidization within firms or plants and a blurring of
occupational boundaries. Our analysis does so by examining task coordination and
gpecidization on an intra-personal level (one individud performing one or more tasks)
rather than on an inter-personal level (agroup of people performing a broader or narrower
range of tasks). Furthermore, our andys's examines the determinants of firms incentives to
restructure their organizations of work in favor of multi-tasking or job rotation.

The rest of the paper is organized as follows. Section 2 andlyzes the trade-off
between the returns from specidizing & a tak and the returns from exploiting the
complementarities between tasks. This andyss is embedded in a modd of a profit
maximizing firm. Section 3 examines how such a firm decides on its organization of
production and work. In this context, Section 4 investigates how the restructuring processis
driven by changes in physical capitd, information technology, workers preferences, and
human capital. Finaly Section 5 concludes.

2. The Firm’s Decision Making Problem

In deciding whether workers are to specidize or perform multiple tasks? employers
face a tradeoff between two sets of returns: (i) “returns from specidization,” whereby a
worker’s productivity at a particular task increases with his exposure to theat task, and (i)
“returns from task complementarities” whereby his activity a one task rases his
productivity at another task.

The returns to specidization are well known and may be viewed as the result of intra-
task learning. The returns from task complementarities, on the other hand, have received
much less attention thus far. They may be divided into what we will cal “technologicd” and
“informationa” task complementarities.

The technological task complementarities are captured by the cross-partid
derivatives between different types of labor services in the production function: just as labor
and capitd may be complementary in the production process, so different occupationd

®Note that the gains from multi-tasking by a worker are anadlogous to the economies of
scope arising when a firm produces severd different products (See Baumol, Panzer, and
Willig (1982).)
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types of labor may be complementary as well. To take atrivia example, the productivity of
managers is enhanced by the sarvices of their secretaries, and the managers do not
themsdlves have to perform secretarid tasks for this complementarity to arise.

Theinformational task complementarities are the outcome of inter-task learning.
Andyticdly, these complementarities may be captured by letting aworker’s human capitd at
one task depend on his activity at other tasks.® For example, aworker within a team may
become more sKillful in a specific task wren he learns rdated tasks within his team. His
ability to perform a specific task may aso be enhanced by learning tasks within quite
different parts of the firms.

Clearly, both the returns to specidization and the informationa task complementarities
menifest themsdlves only with the passage of time. For smplicity, however, our andyds
covers only a sngle time period, and thus the length of this period must be taken as
aufficiently long for these returns to be able to manifest themselves.

Consider afirm that produces its output through two tasks, 1 and 2° Thefirm's
employees can be divided into two homogeneous groups. ** “type- 1 workers,” whose skills
give them a comparative advantage at task 1, and “type-2 workers,” with a comparetive
advantage at task 2.1

Although the returns to specidization and the returns to informationa task
complementarities may not be draightforward to identify in practice, it is neverthdess
convenient to represent them be separate variables. We let the type- 1 worker’s returnsto
specidization (5, 1=1,2) at each task depend positively on the fraction t of time devoted to
thattask: § =s/(t) ands, =s,(1-t), 55" >0. Furthermore, the greater isthe fraction

of the type-1 worker’s time devoted to the task i, the more information he gains about this
task and consequently the more productive he becomes at task j, j! i. Thus the

® Thereby the informationa task complementarities give leverage to the technologica task
complementarities.

1% These tasks could cover avast array of complementary tasks, such as different types of
production work or participation in qudity circles, the supervison and training, €tc.

11t is however worth noting that in practice most outputs require the performance of many
tasks and multi-taskers usudly perform only afew of these tasks in varying combinations.

2 We will define comparative advantage formally once we have specified the workers
productivities.
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informationa task complementarity, resulting from the type 1 worker’s inter-task learning,
may be expressed as ¢, =¢ (1-t) andc, =c,(t ), ¢',c,'>0. Spedificaly, ¢ isthe
worker’s ability to increase his productivity at task 1 through time spent (1- t) ontask 2,
and ¢, ishis ability to increase his productivity at task 2 through time spent (t) on task 1.
These returns to specidization and returns to informationa task complementarities will
be viewed as determinants of the type 1 worker’'s productivity. In particular, let e and e,
sand for the type 1 worker's “efficiency units of labor” per hour a tasks 1 and 2,
respectively. We portray these efficiency units as the sum of the associated returns to
specidization and returnsto informational task complementarities™
g=5(t)+q(l-t)=g(t)
& =5(1-t)+c(t)=elt)
Smilaly, let the type 2 worker's returns to specidization (S, i=1,2) at each task
depend postivdy on the fracion T of time devoted to tha task:

(1a)

S=S(1-T)andS,=S,(T), S'S,>0. Moreover, let this worker's informationd
task complementarity a one task depend positively on the fraction of time devoted to the
other task: C, =C,(T) andC,=C,(1- T), C,',C,"> 0. Let E, and E, betheefficiency
units of each type 2 worker at the two tasks. Then the type-2 worker’s “efficiency units of
labor” per hour are expressed as the sum of the associated returns to specidization and
returns to informationa task complementarities:

£ =8 (1 7)+G (1) =E,(7) W)
E,=S (T)+C,(1- T)=E,(T)

In sum, we may think of the time dlocations t and T asgeneraing human capitd in
typel and type2 workers (respectively), and this human capitd contributes to the
workers efficiency units of labor via the returns to specidization and the returns to

informationd task complementarities.

13 Spedifying the efficiency units in terms of the sum is a reasonable smplification in the
context of our two-task model. Here it is aways possible to express the s and ¢ functions,
i=1,2, s0 that their sum yidds the efficiency units of labor. (Smilarly for the S and C;
functions i=1,2) When there are more tasks, however, complementarities and
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Let n and N be the number of type-1 and type-2 workers employed, respectively.
Then the total labor services in efficiency units devoted to tasks 1 and 2 may be expressed
as1.4
l,=¢(t)t n+E(T){1- T)xN =L, (t,T;n,N) (2)
l,=6(1-t){1-t)m+E, (T)xN =L, (t,T;nN)
Observe that when a type- 1 worker increases the time (t ) spent at task 1, there are three
effects on type- 1 labor services (I ,):
0) adirect, pogtive effect in terms of labor time (t XN increases);

(i)  apostiveeffect viathe retumnsto spedidization (s (t ) increases); and
(iii) a negative effect via the returns from informational complementarities (Cl(l- t )

fdls).
(Smilaly for the type-2 worker.)
Thefirm's production function is
q=f(L,(t.T;n,N),L,(t,T;n,N)) 3)
where q isthe firm's output, fi >0, fi<0(=12) andfi;>0(=212and ji).The
technologica task complementarities may be depicted in terms of the postive cross- partid
derivatives. fij,i=12and j*i.

Let thefirm’'sred labor costs be wn + WN, where w and W are the redl wages of the
type 1 and type-2 workers, respectively. For smplicity, but without any substantive loss of
generdity, we assume that these wages are the reservation wages of these workers (i.e. the
wages that make them indifferent between employment and leisure). Furthermore, we
suppose that the workers have preferences regarding the organization of work. If workers
prefer specidized to versatile work, then their reservation wage achievesamaximumat t =
1/2 (when they devote equa amounts of time to both tasks); if they prefer versatile work,
then ther resarvation wage dtains a minimum at t = 1/2. So, provided that the wage

subdtitutabilities among different returns to specidization and returns to informationa task
complementarities may preclude the above smplification.

4 Weintroduce L; and L, just for expositiond smplicity: in the analysis below, the change
in labor services as a function of the time dlocation (1 , /9t , Tl , /9t ) will be specifiedin
terms of theL 1 and L > functions (rather than in terms of thee: and e functions).
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depends positively on the reservation wage, we specify thatw = w(t), w'(1/2) =0; andif
the workers prefer specidization, then w" <0, wheressif they prefer versatility, then w" >
0.
Thefirm's prafitis
p(t, T.N)=f (L, T;nN),L,({t,T;nN))- w(t)n- W(T)N 4
The comparative advantage of the type 1 workers is mirrored in the following
condition:
f(L,(LT:nN).L,(LT:nN))- w(l)n- W(T)N -
> f(L,(0,T;n,N),L,(0,T;n,N))- w(0)n- W(T)N

forany T,0£T£1. Inwords, for any given time dlocation T of the type-2 workers, it is
more profitable for the type 1 workers to devote themsalves fully to task 1 than to devote
themsalves fully to task 2. Smilarly, the comparative advantage type- 2 workersimplies:
f(L,(t.LnN),L,(t.5nN))-w(t)n-W(I)N

> f(L,(t.Ln,N),L,(tLn N))-w(t)n-W(1)N &)

Observe that the type 1 and type-2 workers are in analogous positions with regard to
the organization of work, i.e. they occupy andogous podtions in the firm's production
function and generate andogous codts. Thus, in the andyds thet follows, it will be sufficient
to focus on the type-1 worker alone.*

The firm's a@m is to maximize its profit with respect to the number of employees (n

and N) and the organization of work (t and T). We now proceed to examine the
determinants of the Taylorigtic versus holigtic organization of work.

3. The Tayloristic versus Holistic Organization of Work

Under the Tayloristic organization of work, type-1 workers speciaize in task 1, so
that t =1; whereas under the holigtic work organization, the worker performs both tasks, so
that O<t <1.

1> Unless the two types of workers enter the profit function symmetricdly, in the andysis
below, the profit-maximizing organization of work for the type-1 workers need not be the
same as the profit-maximizing organization of work for the type 2 workers.
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The following proposition shows how the profit-maximizing firm chooses its

organization of work:

Proposition 1 Given the profit function p =p (t ,T,n, N), the necessary conditions'®
for a profit-maximizing organization of work are:
Theeexigsat* intheintevd 0< t* < 1, such that

T

2
=0 and ‘H_p;
i

t=t* fit

The profit-maximizing organization of work is Tayloristic whenever this condition is

<0.

t =t*

violated, and thust* = 1.%

Intuitively, since workers specidize by task in a Tayloristic organization, the profit-
maximizing alocation of time across tasks must lie a a corner point. But since workersin a
holigtic organization do not specidize in this way, the profit-maximizing dlocaion of time
must liein theinterior of the feesble st

We now proceed to examine various driving factors influencing a firm's choice of

organizationa form. The margind prafit from a change in the organization of work is

IP - MR- Mco- M ©)
Tt
where MR=f,xIEL, MCo=-f, ez, mcr =Ty
Tt Tt dt

MR is the margina revenue with respect to t : an increase in the fraction of time a task 1
changes the firm’s revenue by changing the labor services devoted to task 1. MC° isthe
margina opportunity cost of task 1 in terms of task 2: an increase in the fraction of time &
task 1 changes the firm's revenue by changing the labor services devoted to task 2. And

16 The conditions of this proposition ensure that there exists a locd profit maximum
characterized by a holigtic work organization. If there are multiple locd maxima, we assume
that the firm — knowing its entire profit function — is able to identify the globa optimum. Then
the organization of work is holigic if the conditions above are sdisfied a the globa
maximum, and the organization is Taylorigtic otherwise.

Y Under Tayloristic organization, the type-1 worker specidizes in task 1 and the type-2
worker specidizes in task 2 on account of the compartive advantage conditions (5a) and
(5b).
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MC" isthe margind cost due to changes in the wage rate that result from changesin the time
dlocation t . These margina revenue and cost terms areillustrated in Figures 1.
The change in the margind profit is
1% _IMR_ IMC° fMC"

> ft fit @
where
‘ITMR_%ET ‘|TL1+ qL, oL %L, u
= A f 2001 4 f 1
t &' 1 Mt aTt My
0 P .. 2 N
e =&, Ty g, a0l g TLE
Tt & 2 qt Tt o1t 2
aMmc" _ d3w
= n
Tt dt 2
To fix ideas, we assume that the tasks are technologica complements:
fio="1n >0.

Moreover, if (L, /Mt ) >0, (L, /Tt ) <0, and fy <O, thenthefirs term of (TMR/1t)
is negative. Consequently the sign of (TMR/1t) depends aitically on f, (112L, /9t 2),
wheref; > 0 and (‘ﬂ 2L, /9t 2) measures the diminishing (or increasing) returns to the time

dlocationt .

The term (ﬂ 2L/t 2) depends on the returns to specidization reative to the

returns to informationa task complementarities. In particular, recal that railsing t increases
the opportunity to regp the returns from specidization at task 1 but reduces the opportunity
to regp the return from using information gained at task 1 to enhance his productivity at task
2. Thus, the more rapidly the return from specidization fals relative to the task-1 return from
the informational task complementarity (productivity at task 1 gained from information a
task 2), the more rapidly will the type-1 labor service decline as t rises. Thus, the lower is

f, (‘ﬂ 2L, It 2)) and the more rapidly the margind revenue declines (or the more dowly it

rises) with respect to t (i.e. the lower is (TMR/1t )). As Figures 1a and 1b imply, the

more rapidly the margind revenue declines (or the more dowly it rises), the more attractive it

eventualy becomes for the firm to adopt a holistic organization of work.
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In our expression for the change in the margina opportunity cost of task 1 intermsof

2 AY
TLoH thefirst term of (TMC°/1t)
u

MC® _ e L,

task 2, . __%21 . ﬂngﬂLz_,_f

Mt g 292

2

is positive, provided that (L, /Mt ) >0, (L, /Mt ) <0, f» <0, andf,; > 0. Thenthesign
of (TMC°/1t) depends criticaly on f,(T2L,/t ?), where >0 and (2L /1t ?)
indicates the diminishing (or increasing) returns to the time dlocetion t. In particular,
(ﬂ 2L,/ 2) will be lower the fagter the rate a which the task- 2 return to specidization

fdls rdative to the task- 2 return to the informationd task complementarity (productivity at
task 2 gained from information at task 1). Thus the faster will the margind cost MC° rise (or
the more dowly it will fal) with respect to t . Then, as Figures 1 imply, the firm’s eventualy
gains an incentive to adopt a holistic work organization.

Findly, the change in the margina cost in terms of the wage (TMC" /1t ) depends

on the worker's preferences regarding work versdility. The more the worker prefers

versdtile work over task specidization, the greater is j%v and thus the fagter will the
margind cost MC" rise (or the more dowly will it fal) withrespect to t . Consequently, as
indicated in Figures 1, the more worthwhile it eventudly is for the firm to adopt a holigic
organizationd form.

In Figure 1a we assume that (i) the returns to specidization (at each task) increase
aufficiently fast rdative to the returns from informationd task complementarities and (ii) the
type-1 workers have a sufficiently strong preference for specidized work, so that the
margind revenue risss with t ((fMR/1t) >0) and the tota margind cost to declines with
t ((fMC /1t ) <0). Here work is organized dong Tayloristic lines.™®

In Figure 1b, by contrast, we assume that (i) the returns from the informationa task
complementarity (at each task) increases sufficiently fast relative to the associated returns to
specidization and (i) the type 1 workers have a sufficiently strong preference for versdile
work, S0 that the margind revenue fdls with t and the totd margind cogt to rises with

®Note that under a Tayloristic work organization t must be equal to unity, rather than zero,
since type- 1 workers have a comparative advantage in task 1.
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t. Since the intersection of the margina revenue and margina cost curvesoccursat t* <1in

the figure, the organization of work is holidic.

4. The Restructuring Process

In this context we are now able to analyze the determinants of the restructuring
process whereby Taylorigic organizations turn into holistic ones. We conceive of this
process as being driven by four mgor forces: (i) changes in physica capitd, (ii) changesin
information technology, (iii) changes in workers preferences, and (iv) changes in human
capitd. *°

Only certain types of changes in physical capital give firms an incentive to adopt
holistic organizationa forms. In the traditiond literature on capital formation, the productivity
of capita and the complementarity between capital and labor (or between capita and other
factors of production) is often the center of attention. Our analys's focuses atention on a
different characterisic of phydca capitd, namedy, the associated technologica task
complementarities. In the modd above, these complementarities are captured by the cross-
partia f12 = f21 of the revenue function.

We argue that whereas the prominent changes in physica capitd occurring in the first
haf of the twentieth century favored Tayloristic organizations, the more recent changes
(occurring over the past decade or two) are strongly biased in favor of holigtic organizations.
The big breskthroughs in mass production and mass marketing that were the hdlmark of
technologica progress in the firgt part of this century - such as assembly lines, specidized
manufacturing equipment, hierarchical organizations within firms — accentuated returns to
scae at specidized tasks. In terms of our anadys's, they can be viewed as being associated
with large returns to specidization and low technologica task complementarities (i.e. low
inter-task cross partids such as f1, = ).

A fifth force, lying beyond the scope of our andlysis, is a trend change in consumer
preferences in favor of more highly differentiaied products. This force favors haligic
organizetions over Taylorigic ones dnce holigic organizations usudly permit closer
interactions between their employees and the customers and enable the employees to use
their detailed information about customer preferences to affect their performance of other
tasks.
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However, the salient recent advances in physical capitd — such as the adoption of
multi- purpose machine tools and programmable manufacturing equipment — have increased
the verstility of machines across tasks and therefore facilitate the exploitation of inter-task
complementarities. For instance, recent technical changes have enabled rapid retooling and
reprogramming of machines in many sectors, to permit faster production responses to
changes in customer demands, thereby making it easer to exploit complementarities
between production and sales tasks. In short, as machines have become more versatile, so
labor has been enabled to become more versatile as well. These advances may be expected
to increase the technologica task complementarities, i.e. raise the inter-task cross partias
such as fi2 = fa1.

By equation (7), an increase in the cross partid f1, = f,; makes the margina revenue

fal more rapidly with respect to thetime alocation t (i.e. reduces (1 MR/t )) and makes
the margind opportunity cost of task 1 in terms of task 2 rise more rapidly with respect to
t (i.e. increases (ﬂ MC° /1t )). Through these channds, the above changesin physica
capital reduce the value of (12p /1t 2).

To highlight the role of changes in physica capitd that increase the vaue f;,, observe
that equation (7) impliesthat

2
::TH—2<O U
1 € A6 1L AL,6 . T, 7w U
fip & fyomtl - f——L1.f O sl =2, 7
1-“_ 1'|'L é llgﬂt g 1 ﬂtz 22%1-“: 0 2 ﬂtz ﬂtz na
‘ﬂt Tt

Thus a rise in fy, reduces the second derivative of the profit function. If this change is
aufficiently large to ensure that the above inequdity holds, the firm may choose a haligtic
organization of work.

Furthermore, we argue that recent changes in information technologies — such as
the proliferation of information gathering processes and introduction of computerized
production, design, and product development — adso favor holigtic organizations. The reason
is that these advances provide rapid and cheap access to information; thereby they

encourage the exercise of multiple skills over multiple tasks and provide scope for inter-task
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learning. In this respect, they may be expected to augment informationa task
complementarities relative to the associated returns to specidization.

In the context of our model, an increase in informationa task complementarities may
be represented by an increase in (Tle,/9c;) and (Yie,/9c,), and possibly dso by an

increasein (1%, /9c,”) and (1%, /1c,”) . These changes have the following effects on the

relation between the type 1 and type- 2 labor services and the time allocation between tasks:

They reduce %:- E—eltmeln and b=-ﬂ—“3’2(1-t)n- e,n, and they aso reduce
c,

qt Tc,

_ﬂle =- ﬂz_e-‘-tn+2ﬂ_eln and ﬂ2L2 - ﬂzez
2

TS e, TR

margind revenue fal more rapidly with respect to the time dlocation t and make the

(1-t )n. By (7), these changes make the

marginal opportunity cost of task 1 in terms of task 2 rise more rapidly with respect to t,
thus reducing the vaue of (‘IT p /it 2) . As noted, if this vaue becomes negative, the firm
may choose a holistic work organization.

To darify the influence of the above changes in information technologies on work
organization, let us smply suppose that (2L, /Tt *)=(T 1,/1t *). Then equation (7)

implies that
ﬂ(O
?
™, 1 ée b, . fL,00L, L IL,60,  T°w U
I A~ f -— -% l+f 2; 2+ )
2 f+hLEE T P an E7M R am g

for i = 1,2. Consequently, a change in information technology thet reduces the vaue of
(1°L, /9t ?) will reduce the second derivative of the profit function. If this change is
aufficiently large to ensure thet the above inequdity holds, a holigtic organizationd form will
be chosen.

Along the same lines, changes in worker preferences in favor of versdile work

incresse the value of (T°w/ it %), and thereby increase the marginal cost (‘IT MC" /9t ) and
thereby also reduce (112p/ft ?). Thereis plentiful evidence in the sociology and business

literatures (referenced above) that many workers have a growing need to be stimulated at
work. Since holigtic work tends to be more varied, cregtive, and chdlenging than the
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narrowly defined Taylorigtic jobs, these workers are likely to be progressively less indined
to work for Taylorigtic organizations than for holistic ones. In the context of our andys's, by
equation (7), itisclear that if (T>w/ 1t %) islarge enough so thet

d?w 1éaef L L, 6L, T°L,u 1%% I, 1L, oL, 'n L,u
Za Lyf 2214, + 1,
a7 n&re N a it “ n&E 2t 2t g1t 'n”'

hen (‘ﬂ p /1t 2) <0, and the firm may prefer aholigtic organizationd form.

Findly, we maintain that the steedy rise of human capital, produced largely by
education and training systems, has favored holigtic organizations as well. In the treditiond
literature, the aspects of human capitd growth that have been emphasized are those relaing
to the productivity of labor and the transferability of labor across firms (“generd” versus
“firm gpecific” skills). Our andlyss highlights a different aspect of human capitd growth,
namely, the increased ability to perform multiple tasks.

This development plays a different role in organizationd change than the changes
discussed above. As noted, the changes in physicd capitd, information technologies, and
worker preferences andyzed above al serve to reduce the value of (‘IT 2p /it 2) , Ultimately
meking it negative. But, as Proposition 1 indicates, a negative vaue of (‘H “p /it 2) is not
aufficient to make a holigic organization more prdfitable than a Tayloristic one. What is
required, in addition, is that (fp /Mt )=0 for 0 < t < 1. It isthis latter aspect thet is
promoted by the “widening” of human capitd.

Spedifically, if (12p /1t 2) <0, then changes in human capital that enable workers
to do more versatile work serve to move the profit maximizing time alocation t* towards
(1/2), intheinterior of the feesbleregion O£t £1. In other words, this devel oprrent favors
holigtic work organization by increasing the rate a which the margind opportunity cost of
task 1 (intermsof task 2) riseswith t .

The profit-maximizing responses in work organization to the above changes are

summearized in the following propostion:
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Proposition 2 In response to sufficiently large

0] changes in production technologies that increase the technological task
complementarities(f;, i * j),

(ii) changes in information technologies that increase the informational task
complementarities (reducing (1%L, /1t %)),

(iii) changes in worker preferences in favor of versatile work (increasing
(1°w/ 1t *)), and

(iv)  changesin human capital that increase worker versatility,

Tayloristic organizations gain the incentive to restructure into holistic organizations.

These profit-maximizing responses follow directly from our framework of andyss,
which we believe indicates the ussfulness of this framework.
Our andysis dso has implications for whether the restructuring process is continuous

or discontinuous,

Proposition 3 If the switch from a Tayloristic to a holistic organization of work is
induced by changes in human capital that make workers more versatile, then the
restructuring process will be smooth. If, on the other hand, the switch isinduced by (i)
increases in technological task complementarities, (ii) increases in informational task
complementarities or (iii) greater preferences for versatile work, then the

restructuring process may be discontinuous.

To see this, observe that if it is the improvements in information and production
technology that induce the switch, then it is the change in the sign of (°p/ Tt %) thet is
responsible for the switch. Specificaly, if (2p/ it %) >0 inthe origina equilibrium wheress
(T%p/Mt?) <0 and (fp/ft)=0 at O<t<l in the new equilibrium, then the profit
maximizing number of hours changes discontinuoudy from complete specidization to multi-
tasking. This phenomenon isillustrated in Figure 2a, where the initid profit function p, (for
which (1 2p/ it ?) > 0) is maximized a the Tayloristic point E; (wheret* = 1) and the new
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profit function p (for which (1 ?p/ it %) < 0) is maximized at the holistic point E, (where 0
<t*<1).

On the other hand, if (f?p/ 1t ?) <0 and the profit maximizing time dlocation is
initidly a t* = 1, then changes in human capita that make workers more versdile will move
the profit maximizing time dlocation gradudly into the interior of the domain O£t £1. This
change is continuous, as pictured in Figure 2b. Here theinitid profit function, denoted by p
achieves a maximum a the Taylorigtic point E, (where t* = 1) and the new profit function
Pp IS maximized a the holigtic point E, (where0 < t* < 1).

5. Concluding remarks

This paper has andlyzed the role of multi-tasking, intra-task learning, and inter-task
learning in the contemporary reorganization of work. We have focused on four driving
forces behind the reorganization process. advances in production technologies promating
technologicd task complementarities, advances in information technologica promoting
informationd task complementarities, changes in worker preferences in favor of versatile
work, and advances in human capital that make workers more versdtile.

As mentioned in the introduction, the business and management literature indicates
that a dramatic and broadly based process of organizational change — involving a move
towards multi-tasking, job rotation, and inter-task learning — has been underway for some
time, and is likdy to continue. Furthermore, as noted, recent empirica studies suggest that
reorganization of work is a quantitatively dgnificant phenomenon. But while this
reorganization has been much discussed in an informa, descriptive way, there has been little
if any theoretical framework to andyze this process. The main ambition of this paper has
been to develop such a framework. Once this has been done, the connections between the
reorganization of work and its main determinants (recent charges in physcd cepitd,
information technologies, human capital, and preferences) look intuitively obvious.

Our andysis may dso be viewed as a contribution to the contemporary debate on the
sources of the increased disperson of wages and job opportunities in the US and Europe.
The dominant hypotheses thus far have been that these phenomena are the outcome of (i)
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skill-biased internationd trade flows™ (ii) skill-biased technologica change® and (iii)
deficient education and training relative to the demand for skilled labor.*

Our theory is complementary with the hypothesis resting on internationd trade, since
the expanson of trade has endbled an increesng number of firms in the advanced
indugtrialized countries to shift to products and production processes requiring holistic
organization, while contracting out the routine, assembly line work to other countries. Our
theory is aso complementary to the hypotheses resting on technologica change, education
and training. But it goes further than these hypotheses in that it brings in organizationd
changes dongside changes in pure production technologies. In thisway it helps explain wage
and employment dispersion, since it specifies how changes in production and information
technologies and how education and training may be expected to affect the dispersion of
wages and employment opportunities in the context of the reorganization of work.

Findly, the three maindream hypotheses dove explan nether the widening
inequdity of wages within education, occupation, and job tenure groups in the US and the
UK, nor the widening inequdity of employment opportunities within these groups in various
countries on the European continent. Our andyss offers an explanation for these
phenomena: People within particdar education, occupation, and job tenure groups are likely
to vary congderably in terms of their socid competence, judgment, and ability to perform
multiple tasks. Thus, in countries such as the US and the UK, where red wages often
respond flexibly to changes in labor demands and supplies, the move from Taylorigtic to
holigtic organizations of work may lead to widening wage disperson of wages within these
groups. By contrast, in severad European countries where red wages are more rigid, the
reorganization of firms may give rise to a widening disperson of employment opportunities
among these groups, for a given digtribution of abilities.

20 See, for example, Leamer (1996) and Sachs and Schatz (1994).

%1 Seg, for example, Berman, Bound and Grilliches (1994), Bound and Johnson (1992),
Krueger (1993), Machin (1994), and Mincer (1993).

%2 See, for example, Mincer (1993), Levy and Murname (1992), and Katz, Loveman, and
Blanchflower (1995), anong others.
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