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Multi-Task Learning and the
Reorganization of Work

From Tayloristic to Holistic Organization”

The paper analyzes the contemporary organizational restructuring of production and work
within firms. We emphasize the shift from a “Tayloristic” organization of work (characterized
by significant specialization by tasks) to a “holistic” organization (featuring job rotation,
integration of tasks and learning across tasks). We examine four driving forces behind this
restructuring process: advances in production technologies promoting technological task
complementarities, advances in information technologies promoting informational task
complementarities, changes in worker preferences in favor of versatile work, and advances
in human capital that make workers more versatile. Our analysis can also help explain the
recent widening of wage differentials and disparities in job opportunities, not only between
groups with similar characteristics, but also within these groups.
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1. Introduction

The past decade has witnessed a constellation of fundamental changes in
production technologies, the nature of physical and human capital, 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 industrialized countries. The
process has been given considerable attention in the news media and in the business
management and sociology literaturebut has received relatively little emphasis in
economic theory thus far.

Until recently the evidence for this restructuring process consisted mainly of a
large numbers of case studies. Over the past few years, however, a number of
systematic, broad-based, empirical investigations have been completed, establishing
the quantitative importance of the reorganization process. The precise nature of the
process naturally varies from firm to firm, but the evidence is now sufficiently
detailed that it is possible to recognize some prominent central features. These

features include an increased role of team work and job rotation, a reduction in the

! 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
Appelbaum and Bott (1994), Kremer and Maskin (1995), Mitchell, Lewin and Lowler
Il (1990), Levine and Tyson (1990) and Piore and Sabel (1984). For an analysis
emphasizing the complementarities of different functions in the restructured firms,
see Milgrom and Roberts (1990). Their focus of attention differs markedly from ours,
however, in that 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).
Finally, Lindbeck and Snower (1996, 1999) examine the implications of
organizational restructuring for wage inequality and centralized 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). Gallie et al. (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 relations. Aoki (1990, 1995) documents
new forms of work organization in Japan, which in some respects pioneered the
process. Osterman (1994) focuses on U.S. manufacturing establishments. Lawler,
Mohrman, and Ledford (1992) examine the restructuring process in the Fortune 1000.
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number of management levels, continuous learning and development of
complementary skills, decentralization of responsibility within firms and direct
participation of employees in decision making on multiple fronts. The empirical
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 down 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. One is the introduction of computerized information and communications
systems, which have provided employees with greater access to information about
other employees’ work within the organization and also made it easier to
communicate with others. The new information technology has also given individual
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 decision making within firms; it has also 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 denfands.

A second driving force is the introduction of flexible machine tools and
programmable equipment, which has made the capital stock more versatile, i.e.
capable of performing wider spectra of tasks. As result, the workers cooperating with
this capital stock are required to become more versatile as well. 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 individualized treatment. Moreover,

The existing evidence indicates that the restructuring of work is a quantitatively
important phenomenon in many OECD countries.

* Supervision and management control of workers continue to be important, though
there is a tendency for supervision, and related punishment and reward, to be less
detailed and instead tied to post facto performance. See, for instance, Gallie et al.
(1998).
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greater interaction with customers often implies that employees need to exercise
social, interactive skills in addition to their formal occupational requirements.

A third force, significant throughout the industrialized world, has been the
steady growth of human capital per worker, generated by education systems,
vocational training programs, and on-the-job training. This growth has taken the form
not only of “capital deepening,” in the sense that individual workers have improved
their performance of particular skills; it has also involved substantial “capital
widening,” i.e. the ability to perform a variety of skills. This development — and
especially the widening of human capital — is permitting firms to reorganize and
integrate tasks along the new organizational lines.

A final driving force have been changes in worker tastes. As they acquired better
general education and wider varieties of skills, they came to prefer jobs that permitted
the exercise of these diverse skills. More and more employees came to resent the
monotonous, fragmented jobs of traditional organizations and to prefer more varied,
multi-faceted, challenging work.

An important consequence of the above changes is that occupational barriers are
breaking down. The traditional organizations required employees to have highly
specialized skills, appropriate for standardized production processes. Production
workers required narrowly defined manual skills, sales people needed social
competence, administrative personnel needed organizational and accounting skills,
product designers needed creativity, and managers required judgment, initiative,
leadership, and coordination skills. It is on account of this specialization that
employees could readily be divided into distinct, well-defined occupations, over
which the traditional distinctions between “skilled” and “unskilled” workers could be
made. In this environment, relatively little attention was given to people’s capacity to
acquire and use multiple skills; if a person happened to have more than one
occupational aptitude, he generally had to decide which particular one to use and let
the rest lie fallow.

In the new types of firms emerging nowadays the traditional separation of roles
tends to break down. Workers are often given responsibilities spanning more than one
of the traditional occupational groupings. Greater emphasis is now also placed on
continuous learning and skill development, all-round knowledge, the potential to

acquire multiple skills, and the ability to learn how the experience gained from one
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skill enhances another skill. The 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 capital equipment, “widening” of human capital across tasks, and
changes in workers’ preferences in favor of more varied tasks — should lead to the
blurring of occupational boundaries and job rotation. But the main point of our
analysis is that it provides a theoretical framework within which this association
becomes straightforward. The analysis focuses attention on aspects of technological
change, skill acquisition, and preference changes that have been largely ignored in the
mainstream literature. Once we have developed a framework of thought that brings
these elements into center-stage, the links between multi-tasking and its determinants
are obvious.

The blurring of occupational barriers and the rise of multi-task learning is
closely associated with the decentralization of authority within firms. The traditional
pyramidal structures in service and manufacturing organizations, in particular large
ones, implied that authority flowed from senior executives, down through layers of
middle management, to the workers in the various functional departments. This
structure is giving way to flatter organizations in which customer-oriented teams are
often given greater authority. Decision making has been moved closer to the people
who have the relevant information, much of which is tacit knowledge among front-
line workers. The decentralization of decision making often takes the form of
consultation or delegation, or both. On account of the four above-mentioned driving
forces underlying the reorganization process, the decentralization of decision making
often means that employees perform a wider variety of tasks with their firms. For
instance, employees often share tasks within teams or combine a core job with other
tasks even sometimes including some managerial or consultative functions (such as

participation in so-called “quality circles” or other advisory groups).
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A variety of managerial innovations — such as Total Quality Management
(TQM), lean production, and just-in-time producfion are meant to facilitate the
decentralization 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 relevant information.

But multi-tasking, job rotation, and the blurring of occupational barriers are
not the only consequences of the ongoing reorganization of work. Particularly
significant is the expansion in the scope for learning and the returns from it in the new
organizational environment. This aspect is our main focus of attention in this paper.
The importance of learning makes the decentralization of decision making within
firms yet more important, since central 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 learningis learning-by-doing in the traditional 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 improve his performance at other tasks.
For instance, when a worker 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
provision of ancillary services to the customers (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 organizational
improvements or perhaps even product development. The business administration
literature (cited above) provides a wealth of examples: information 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.

> An important objective of lean production and just-in-time production is that they
expose the precise points in organizational 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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The tasks over which job rotation, multi-tasking, and learning occurs are here
interpreted in a wide sense. They cover not only formal occupational functions, but
also the exercise of social skills, communication with fellow employees and
customers, collaborative skills, judgement, initiative, and creativity. In what follows,
the traditional producer organizations — in which workers specialized heavily by tasks
— will be called “Tayloristic.® The new, integrated organizations — heavily reliant on
job rotation, decentralization of decision making, and inter-task learning — will be
called “holistic.” It is important to note that our distinction between Tayloristic and
holistic organizations rests on the degree of task specialization among workers, not
specialization in production among firms. These two types of specialization need not
proceed in tandem; quite on the contrary, many reorganized firms engage in multi-
tasking while focusing more narrowly on their “core competences” in production.

There is a large literature, following the path of Adam Smith, on the
determinants of specialization 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 (e.g. Becker and Murphy (1992), Bolton and Dewatripont (1994), and
Yang and Borland (1991)) concentrates on the returns to specialization vis-a-vis the
costs of coordinating the activities of different workers. In this context, falling costs of
communication (due to improvements in information technologies) leapetter
specialization among employees within firms, not more multi-tasking. Others (e.g.
Holmstrom 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 individuals specialize their investment in skills when there are
increasing returns to human capital utilization and that non-specialization occurs when
the costs of investment in different types of skills are non-separable.

None of these contributions, however, explain organizational changes associated
with reductionsin the degree of labor specialization within firms or plants, and a

blurring of occupational boundaries. Our analysis does so by examining task

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

" In making this distinction, our aim is to focus on broad, overall trends in the
organization of work. There are of course counterexamples, involving increasing task
specialization, such as much research and much medical and legal practice.
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coordination and specialization on iatra-personallevel (one individual performing

one or more tasks) rather than on iater-personal level(a group of people
performing a broader or narrower range of tasks). Furthermore, our analysis 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 analyzes the trade-off
between the returns from specializing at a task and the returns from exploiting the
complementarities between tasks. It embeds this analysis in a model 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
process is driven by changes in physical capital, information technology, workers’

preferences, and human capital. Finally, Section 5 concludes.

2. The Firm’s Decision Making Problem

In deciding whether workers are to specialize or perform multiple fasks,
employers face a tradeoff between two sets of returns: (i) “returns from specialization”
whereby a worker’s productivity at a particular task increases with his exposure to that
task, and (ii) “returns from task complementarities” whereby his activity at one task
raises his productivity at another task.

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

The technological task complementaritiege captured by the cross-partial
derivatives between different types of labor in the production function: just as labor
and capital may be complementary in the production process, so different
occupational types of labor may be complementary as well. To take a trivial example,
the productivity of managers is enhanced by the services of their secretaries, and the
managers do not themselves have to perform secretarial tasks for this complementarity

to arise.
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The informational task complementaritieare the outcome of inter-task
learning. Analytically, these complementarities may be captured by letting, a worker’'s
human capital at one task depend on his activity at othert&sksexample, a worker
within a team may become more skillful in a specific task when he learns related tasks
within his team. His ability to perform a specific task may also be enhanced by
learning tasks within quite different parts of the firms.

Clearly, both the returns to specialization and the informational task
complementarities manifest themselves only with the passage of time. For simplicity,
however, our analysis covers only a single time period, and thus the length of this
period must be taken as sufficiently long for these returns to be able to manifest
themselves. To clarify concretely how informational task complementarities can arise,
the appendix presents a simple model of such complementarities and indicates how
they may interact with the returns to specialization and the technological task
complementarities. But whereas the appendix describes particular tasks (production
and sales), we here portray the tasks in full generality. Furthermore, whereas in the
appendix the information gathering process runs in one direction (from sales to
production, but not the other way around), we assume here that the informational task
complementarity runs in both directions: time spent at task 1 enhances a worker’s
endowment at task 2, and vice versa.

Consider a firm that produces its output through two tasks, 1 and 2. (Whereas in
the appendix these tasks are identified as production and sales, they could cover a vast
array of complementary tasks, such as different types of production work or
participation in quality circles, the supervision and training, etc.) The firm’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
comparative advantage at task 2.

Moreover, to bring into sharp focus the role that each worker’s returns to

specialization and returns to informational task complementarities play in the

®\ote that the gains from multi-tasking by a worker are analogous to the economies of
scope arising when a firm produces several different products (See Baumol, Panzer,
and Willig (1982).)

® Thereby the informational task complementarities give leverage to the technological

task complementarities.
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production process, we will view these returns as components of the worker’s “labor
endowment” (or human capital). Let ande, be the labor endowment for each type-1

worker at tasks 1 and 2, respectively; andBetindE, be the labor endowment of
each type-2 worker at these tasks. We assume¢hag)>( E/ E), so that type-1

workers have a comparative advantage at task 1 (and conversely for type-2 workers).
Let T be the fraction of each type-1 worker’s available time devoted to task 1,
and 17 be the remaining fraction devoted to tas¥ Eurthermore, let (I9) and T be
the type-2 worker’s distribution of time between tasks 1 and 2, respectively.abet
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 become
A, =eGh+ E[{1-T)ON o
A, =e [{1-7)lh+ E,(TON
The labor endowments depend on the returns to specialization and the returns to
informational task complementarities. Although these returns may not be
straightforward to identify separately in practice, it is nevertheless convenient for our
analysis to represent them by separate variables, which are determinants of the labor
endowments. Specifically, lgtandS, i=1,2, be the returns to specialization at task
for the type-1 and type-2 workers, respectively. ketand C;, i=1,2, be the
informational task complementarities running to tasfor the type-1 and type-2
workers, respectively (i.e. the increase in the workers’ productivity ai ashkieved
by gaining information about the other task). Then we express the labor endowments

of the type-1 worker at tasks 1 and 2, respectively, as

e=¢(s ) and §=&( s 9 (2a)
and the corresponding labor endowments of the type-2 worker as
E,=5,(S, Q) and E=2(S ¢ (2b)

where(0¢,135),(9¢, 19¢)>0, (9Z,105),(9=, 19G)>0, fori,j=1,2.

The return to specialization at each task, arising from intra-task learning,
depends positively on the fraction of time devoted to that task. Thus, for the type-1

worker:

191t is however worth noting that in practice most output require many tasks and
multi-taskers usually perform only a few of these tasks in varying combinations.
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s=g(r) and s= g(1-17) , §',5">0 (3a)
and similarly for each type-2 worker:
S=9§(1-T) and S= T), S',$>0 (3b)

Furthermore, the greater the fraction of a worker’s time is devoted to thie task
the more information he gains about this task and consequently the more productive

he becomes at tagk j #i. Thus the informational task complementarity, resulting
from the inter-task learning of each type-1 worker, may be expressed as

¢ =g(l-7)and ,=¢(1), ¢',">0 (4a)
Specifically, c; is the worker’s ability to increase his productivity at task 1 through
time spent I-1 )on task 2, and; is his ability to increase his productivity at task 2
through time spent7( )on task 1. Along the same lines, the informational task

complementarity arising from the inter-task learning of each type-2 worker is
C,=C(T)and C,= G(1-T) , C',C,'>0 (4b)

In sum, we may think of the time allocationgnd T as generating human capital in

the type-1 and type-2 workers (respectively), and this human capital contributes to the

workers’ labor endowments via the returns to specialization and the informational task

complementarities.

Substituting the returns to specialization ((3a) and (3b)) and the informational
task complementarities ((4a) and (4b)) into the labor endowment functions ((2a) and
(2b)), and substituting these labor endowment functions into the labor services (1), we
obtain these services solely as functions of the time allocations across tasks and the
number of workers employed:

A, =e @ h+ E[1-T)ON
=&,(s(1), q(1-1))F th+=( §(1-T), QT))[{1-T)ON
=A,(1,T;n,N)
A, = [{1-7)lh+ E,[TON
=&,(s,(1-7), &(1)){1-T) Ch+ = ,( §(T), G(1-T))TON
=A,(1,T;n,N)
Observe that when a type-1 worker increases the tmespent at task 1, there are

three effects on type-1 labor services ) a direct, positive effect in terms of labor

time (r[h increases); a positive effect via the returns to specializat&(T)(
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increases); and a negative effect via the returns from informational complementarities
(c,(1-1) falls). But although the net influence on labor services is thus ambiguous in

general, we assume that

My Ay gag Ay Ay A, @)
ot d(1-1) d(1-T) ar ar

i.e. an increase in the time spent at task 1 increases the type-1 labor services, so that
the two positive effects above dominate the negative effect. And similarly for the
other task and for the type-2 labor services.

The firm’s real revenue is a function of the labor servigeandA,:

r=f(A(1,T:n,N),A,(1,T;n,N)) (6)

wheref; > 0,fj <0 ( =1,2) andfj >0 ( = 1,2 andj #i). The technological task
complementarities may be depicted in terms of the positive cross-partial derivatives:
fj, 1 =1,2andj #i.

For expositional simplicity, but without substantive loss of generality, we

assume that the comparative advantages of the type-1 and type-2 workers at the two

tasks are symmetric. Specifically, for any positive real numiBer8<x<1 we

require 5(XY= S( ¥, ()= S(¥, a(¥=G(¥, and (¥ =G(, so that the
returns to specialization of type-1 worker at task 1 are identical to the returns to
specialization of type-2 worker at task 2, and similarly for the type-1 worker at task 2
and the type-2 worker at task 1. In addition, we assume that the labor services
A, andA, enter the revenue function symmetrically, i.e. for any positive nur)ves
require thatf (x,A,) = f(A,,x) forA,=A,.

Let the firm’s real labor costs ven + WN wherew andW are the real wages of
the type-1 and type-2 workers, respectively. For simplicity, but without any
substantive loss of generality, 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 specialized to versatile work, then their
reservation wage achieves a maximum atl/2 (when they do devote equal amounts
of time to both tasks); if they prefer versatile work, then their reservation wage attains

a minimum atrt = 1/2. So, provided that the wage depends positively on the
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reservation wage, we specify that= w(r), w'(1/2) = 0; and if the workers prefer

specialization, them" < 0, whereas if they prefer versatility, thafi> 0.

The firm’s profit is

m(t, T,n,N) = f(A,(,T;n,N) A,(T.T;n,N)= wWr) - WT) N (7)

On account of the symmetry assumptions above, the organization will distribute
the type-1 and type-2 workers’ time equally across the two tasks when equal numbers
of these workers are employed. Thus it is sufficient to examine the organization’s
profit-maximizing decision with respect toalone, focusing our analysis entirely on
the type-1 workers.

The firm’s aim is to maximize its profit with respect to the number of
employees r{ and N) and the organization of workr @nd 7). We now proceed to

examine the determinants of the Tayloristic versus holistic organization of work.

3. The Tayloristic versus Holistic Organization of Work

Under the Tayloristic organization of work, type-1 workers specialize in task 1,
so thatt=1; whereas under the holistic work organization, the worker performs both
tasks''so that 0¢<1.*?

The following proposition shows how the profit-maximizing firm chooses its

organization of work?

Proposition 1 Given the profit functionr=rm(7,T,n,N), the profit-maximizing
organization of work is holistic (0 <* < 1) whenever the following condition is

fulfilled:

c?_n =0in the domaim<1<1, and
T

0%

T2

<0in the neighborhood o;ﬂT =0
T

HUnless the worker is perfectly versatile, the two tasks however will not be performed
at equal levels.

12 The same holds for type-2 workei&1 under Tayloristic organization and D<l

under holistic organization; but, as noted, the analysis below need only focus on type-
1 workers.
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and the profit-maximizing organization of work is Tayloristi€/£ 1) whenever this

condition is violated.

The intuition is straightforward: Since workers specialize by task in a Tayloristic
organization, the profit-maximizing allocation of time across tasks must lie at a corner
point. But since workers in a holistic organization do not specialize in this way, the
profit-maximizing allocation of time must lie in the interior of the feasible set.

We now proceed to examine various driving factors influencing a firm’s

choice of organizational form. The marginal profit from a change in the organization

of work is
9 _ MR- MC° - MC" (®)
or

where MR—fg; MC° = —fg; MC”——n

dr
MR is the marginal revenue with respectrtoan increase in the fraction of time at
task 1 raises the firm’s revenue by increasing the labor services devoted toM&k 1.
is the marginal opportunity cost of task 1 in terms of task 2: an increase in the fraction
of time at task 1 diminishes the firm’s revenue by reducing the labor services devoted
to task 2. AndvIC" is the marginal cost due to changes in the wage rate that result
from changes in the time allocatian. These marginal revenue and cost terms are
illustrated in Figures 1.

The change in the marginal profit is

d°m _OMR _9MC _oMC"

- 9
de a'[' a‘[ 61’ ( )
2
where %: (flldAl-l'flszzjdAl*'fld Azl ’
ot ar ar ) or or
0 2
aMC o (f21%+ Fa dAZjdAz + 1, o A22 , and
ot or or ) or or
oMC" _ d’w
ot dr?

To fix ideas, we assume that the tasks are technological complements:

30ur assumption that(dA,/dr), (A, /d(1-1))>0 ensures that the optimum is
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fio =1 >0.
Moreover, sincedA,/dr) >0 and @A, /0r) < 0 (by (5)), and sinck1 < 0, the first
term of PMR /dr) is negative. Thus the sign o®MR J7 depends critically on
f,(9°A,/01%), wheref, > 0 and (9°A,/d1*) measures how fast the type-1 labor

service declines asrises.

The term (dzAl/o”'rz) depends on the returns to specialization relative to the

returns to informational task complementarities. In particular, recall that ragsing
increases the opportunity to reap the returns from specialization at task 1 but reduces
the opportunity to reap the return from using information gained at task 1 to enhance
his productivity at task 2. Thus, the more rapidly the return from specialization falls
relative to the task-1 return from the informational task complementarity (productivity

at task 1 gained from information at task 2), the more rapidly will the type-1 labor

service decline as rises. Thus the lower i$1(02)\1/dr2)) and the more rapidly the

marginal revenue declines with respecttdi.e. the lower iSdMR/ dr)). As Figures

1 imply, the more rapidly the marginal revenue declines, the more attractive it
eventually becomes for the firm to adopt a holistic organization of work.

In our expression for the change in the marginal opportunity cost of task 1 in

terms of task 2,

o 2
OMC :_Hfﬂml ; d"?jm%fz‘“z

1y > |, the first term of
0T or or ) or or

(oMC° / gr) is positive. (The reason is thalX; /dr) > 0, (A, /dr) < 0 (by (5)) and

since f,; < 0, andfy; > 0.) Thus the sign of JMC° dr )depends critically on

f,(9°A,101%), wheref>0 and (9°A,/dr?) indicates how fast the type-2 labor

service declines asrises. In particular(dz)\2 /drz) will be lower the faster the rate

at which the task-2 return to specialization falls relative to the task-2 return to the
informational task complementarity (productivity at task 2 gained from information at
task 1). Thus the faster will the marginal cbE° rise with respect ta . Then, as

Figures 1 imply, the firm’'s eventually gains an incentive to adopt a holistic work

organization.

unique.
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Finally, the change in the marginal cost in terms of the wal#C\{ or / )

depends on the worker’s preferences regarding work versatility. The more the worker

prefers versatile work over task specialization, the great%%kvs, and thus the faster
will the marginal costMC" rise with respect tar . Consequently, as indicated in
Figures 1, the more worthwhile it eventually is for the firm to adopt a holistic
organizational form.

In Figure 1a we assume that (i) the returns to specialization (at each task)
increase sufficiently fast relative to the returns from informational task
complementarities and (ii) the type-1 workers have a sufficiently strong preference for
specialized work, so that the marginal revenue rises w{tftoMR/ dr) >0) and the
total marginal cost to declines with( (dMC/ dt) <0). Here work is organized along
Tayloristic lines**

In Figure 1b, by contrast, we assume that (i) the returns from the informational
task complementarity (at each task) increases sufficiently fast relative to the associated
returns to specialization and (i) the type-1 workers have a sufficiently strong
preference for versatile work, so that the marginal revenue fallstvatid the total
marginal cost to rises with. Since the intersection of the marginal revenue and
marginal cost curves occurs & < 1 in the figure, the organization of work is

holistic.

4. The Restructuring Process

In this context we are now able to analyze the determinants of the restructuring
process whereby Tayloristic organizations turn into holistic ones. We conceive of this
process as being driven by four major forces: (i) changes in physical capital, (ii)
changes in information technology, (iii) changes in workers’ preferences, and (iv)

changes in human capit&.

Y“Note that under a Tayloristic work organizatipmust be equal to unity, rather than

zero, since type-1 workers have a comparative advantage in task 1.

15A fifth force, lying beyond the scope of our analysis, is a trend change in consumer
preferences in favor of more highly differentiated products. This favors holistic
organizations over Tayloristic ones since holistic organizations usually permit closer
interactions between their employees and the customers and enable the employees to
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Only certain types othanges in physical capitaive firms an incentive to
adopt holistic organizational forms. In the traditional literature on capital formation,
the productivity of capital and the complementarity between capital and labor (or
between capital and other factors of production) is often the center of attention. Our
analysis focuses attention on a different characteristic of physical capital, namely, the
associated technological task complementarities. In the model above, these
complementarities are captured by the cross-p#siialf,; of the revenue function.

We argue that whereas the prominent changes in physical capital occurring in
the first half of the twentieth century favored Tayloristic organizations, the more
recent changes (occurring over the past decade or two) are strongly biased in favor of
holistic organizations. The big breakthroughs in mass production and mass marketing
that were the hallmark of technological progress in the first part of this century - such
as assembly lines, specialized manufacturing equipment, hierarchical organizations
within firms — accentuated returns to scale at specialized tasks. In terms of our
analysis, they can be viewed as being associated with large returns to specialization
and low technological task complementarities (i.e. low inter-task cross partials such as
f12 =121).

However, the salient recent advances in physical capital — such as the adoption
of multi-purpose machine tools and programmable manufacturing equipment — have
increased the versatility 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
easier 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 technological task
complementarities, i.e. raise the inter-task cross partials stigh=s;.

By equation (9), an increase in the cross pafijak f,; makes the marginal
revenue fall more rapidly with respect to the time allocation(i.e. reduces

(OMR/ dr)) and makes the marginal opportunity cost of task 1 in terms of task 2 rise

use their detailed information about customer preferences to affect their performance
of other tasks.
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more rapidly with respect to(i.e. increaseiﬁl\/lC"/c?r)). Through these channels,

the above changes in physical capital reduce the V&l(@zD‘V c?rz) .

To highlight the role of changes in physical capital that increase thefyale

rewrite equation (9) as follows:

0°m
i
1| (A %A . (0A,) . %A,  dw
b33, o, f“(arj hor Tt Gr ) "R T
0t 0T

Thus a rise i, reduces the second derivative of the profit function. If this change is
sufficiently large to ensure that the above inequality holds, the firm may choose a
holistic organization of work.

Furthermore, we argue that recehainges in information technologiesuch as
the proliferation of information gathering processes and introduction of computerized
production, design, and product development — also favor holistic 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 learning. In this respect, they may be expected to augment informational
task complementarities relative to the associated returns to specialization.

In the context of our model, an increase in informational task complementarities

may be represented by an increasedi§, (dc, / anyl &, /oc, ), and possibly also by

an increase in(0%£,/dc’) and (9°¢,/dc,’). 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 % = —g—‘zl m+en and
T G
2 2

LA —6—52(1— T)n-en, and they also reduce Azl =-9 il m+2%1n and

ot oc, ot ac,

2 2

9 AZZ = 9 Ej (1-7)n. By (9), these changes make the marginal revenue fall more
ot oc,

rapidly with respect to the time allocatiomnd make the marginal opportunity cost of

task 1 in terms of task 2 rise more rapidly with respect tbus reducing the value of
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(c?zn/c?rz). As noted, if this value becomes negative, the firm may choose a holistic
work organization.

To clarify the influence of the above changes in information technologies on
work organization, let us simply suppose tha’A{ dr¥ = P°A, dr7 . Then

equation (9) may be rewritten as follows:

2

6_7T<0 -

or’
2 2
aA2i< 1 _(flla/\l+flza/\zja/\l_(fﬂa)\lJrfzzax\zjax\erav;/n
ot f,+f, 0T 0T ) 0T 0T 0T ) ot 0T

fori = 1,2. Consequently, a change in information technology that reduces the value
of (9%A, /dr?) will reduce the second derivative of the profit function. If this change

is sufficiently large to ensure that the above inequality holds, a holistic organizational
form will be chosen.

Along the same lineghanges in worker preferencesfavor of versatile work

increase the value od{w at? , and thereby increase the marginal @MCW/&'T)

and thereby also reduc(e'?zrr/drz). There is plentiful evidence in the sociology and

business literatures (referenced above) that workers have a growing need to be
stimulated at work. Since holistic work tends to be more varied, creative, and
challenging than the narrowly defined Tayloristic jobs, these workers are likely to be
progressively less inclined to work for Tayloristic organizations than for holistic ones.
In the context of our analysis, by equation (9), it is clear thadfv (d7°/ is large
enough so that

d’w 1 oA oA, \OA ) 1 oA oA, \OA %A
> 2+, =2 | =2+ f =S [+ || f 2+ f, 2 | =2+ f 2
dr? n[( “or Yor ) ar  *oor? } n[( 2ot P oor j ar 7 or? }

then (o"zrr/ o"rz) < 0, and the firm may prefer a holistic organizational form.

Finally, we maintain that the steadge of human capitalproduced largely by
education and training systems, has favored holistic organizations as well. In the
traditional literature, the aspects of human capital growth that have been emphasized
are those relating to the productivity of labor and the transferability of labor across

firms (“general” versus “firm-specific” skills). Our analysis highlights a different
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aspect of human capital growth, namely, the increased ability to perform multiple
tasks.

This development plays a different role in organizational change than the
changes discussed above. As noted, the changes in physical capital, information

technologies, and worker preferences analyzed above all serve to reduce the value of

(02n/0r2), ultimately making it negative. But, as Proposition 1 indicates, a negative

value of (dzn/drz) is not sufficient to make a holistic organization more profitable

than a Tayloristic one. What is required, in addition, is (Bat/ or) =0 for 0 <1 <
1. It is this latter aspect that is promoted by the “widening” of human capital.

Specifically, if (02n/0r2) < 0, thenchanges in human capitdhat enable

workers to do more versatile work serve to move the profit maximizing time
allocationt* towards (1/2), in the interior of the feasible region 10< . (Under the

symmetry conditions above, complete versatility implies tttat= %2 when the

second-order conditio(‘o"znldrz) < 0 is satisfied.) In other words, this development

favors holistic work organization by increasing the rate at which the marginal
opportunity cost of task 1 (in terms of task 2) rises with
The profit-maximizing responses in work organization to the above changes are

summarized in the following proposition:

Proposition 2 In response to sufficiently large

(1) changes in production technologies that increase the technological task
complementaritiesif i # j),

(i) changes in information technologies that increase the informational task
complementarities (reducin@?A, / dr?)),

(i)  changes in worker preferences in favor of versatile work (increasing
(0°w/at1?)), and

(iv)  changes in human capital that increase worker versatility,

Tayloristic organizations gain the incentive to restructure into holistic organizations.
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These profit-maximizing responses follow directly from our framework of
analysis, which we believe indicates the usefulness of this framework.
Our analysis also 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 is induced 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 sigitaf 7> that)

is responsible for the switch. Specifically, ifd°@c dv*> >P in the original
equilibrium whereas & dr> ¥0 and @ /dr )=0 at 0<<l in the new
equilibrium, then the profit maximizing number of hours changes discontinuously
from complete specialization to multi-tasking. This phenomenon is illustrated in
Figure 2a, where the initial profit functioms (for which @°m/dr®)> 0) is
maximized at the Tayloristic poiri; (wheret* = 1) and the new profit functiorp

(for which @*m /dtr*)< 0) is maximized at the holistic poiBt (where 0 <t* < 1).

On the other hand, ifdfrr dr® 0 and the profit maximizing time allocation is
initially at 7 = 1, then changes in human capital that make workers more versatile
will move the profit maximizing time allocation gradually into the interior of the
domain Q<1 < 1This change is continuous, as pictured in Figure 2b. Here the initial
profit function, denoted byg, achieves a maximum at the Tayloristic pdtwhere
™ = 1) and the new profit functiorg, is maximized at the holistic poif, (where 0 <

< 1),
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5. Concluding remarks

This paper has analyzed 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
promoting technological task complementarities, advances in information
technological promoting informational task complementarities, changes in worker
preferences in favor of versatile work, and advances in human capital that make
workers more versatile.

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 likely to continue. Furthermore, as noted, recent
empirical studies suggest that reorganization of work is a quantitatively significant
phenomenon. But while this reorganization has been much discussed in an informal,
descriptive way, there has been little if any theoretical framework to analyze 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 changes in physical capital, information technologies, human
capital, and preferences) look intuitively obvious.

Our analysis may also be viewed as a contribution to the contemporary debate
on the sources of the increased dispersion 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) skill-biased international trade flow$, (ii) skill-biased
technological change.’ and (iii) deficient education and training relative to the
demand for skilled labot®

Our theory is complementary with the hypothesis resting on international
trade, since the expansion of trade has enabled an increasing number of firms in the

advanced industrialized countries to shift to products and production processes

%see, for example, Leamer (1994, 1995) and Sachs and Schatz (1994).

1’See, for example, Berman, Bound and Grilliches (1993), Bound and Johnson (1992),
Krueger (1993), Machin (1994), and Mincer (1989, 1991).

18see, for example, Mincer (1991), Levy and Murname (1992), and Katz, Loveman,
and Blanchflower (1992), among others.
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requiring holistic organization, while contracting out the routine, assembly line work
to other countries. Our theory is also complementary to the hypotheses resting on
technological change, education and training. But it goes further than these hypotheses
in explaining wage and employment dispersion, since our analysis spdwfies
changes in production and information technologies raowd education and training

may be expected to affect the dispersion of wages and employment opportunities in
the context of the reorganization of work.

Finally, the three hypotheses above explain neither the widening inequality of
wageswithin education, occupation, and job tenure groups in the US and the UK, nor
the widening inequality of employment opportunities within these groups in various
countries on the European continent. Our analysis offers an explanation for these
phenomena: People within particular education, occupation, and job tenure groups are
likely to vary considerably in terms of their social competence, judgment, and ability
to perform multiple tasks. Thus, in countries such as the US and the UK, where real
wages often respond flexibly to changes in labor demands and supplies, the move
from Tayloristic to holistic organizations of work may lead to widening wage
dispersion of wages within these groups. By contrast, in several European countries
where real wages are more rigid, the reorganization of firms may give rise to a
widening dispersion of employment opportunities among these groups, for a given

distribution of abilities.



RESTRUCTURING THE ORGANIZATION OF WORK 23

References

Appelbaum, Eileen and Rosemary Bott (1994 New American WorkplacdR
Press, Ithaca, New York.

Arrow, Kenneth (1962), “The Economic Implications of Learning by DoifgView
of Economic Studie29, 155-177.

Baumol, William, J., John C. Panzar, and Robert D. Willig (19&3)ntestable
Markets and the Theory of Industry Structudew York: Harcourt Brace.

Becker, Gary S., and Kevin M. Murphy (1992), “The Division of Labor, Coordination
Costs and KnowledgeQuarterly Journal of Economi¢c407(4), 1137-1160.

Berman, Ely, John Bound, and Zvi Griliches (1993), “Changes in the Demand for
Skilled Labor with US Manufacturing Industries: Evidence from the Annual Survey
of Manufacturing,” NBER Working Paper No. 4255.

Bound, John, and George Johnson (1992), “Changes in the Structure of Wages in the
1980s: An Evaluation of Alternative Explanationgerican Economic Review
June, 371-392.

Bolton, Patrick, and Mathias Dewatripont (1994), “The Firm as a communication
Network, Quarterly Journal of Economigc409(4), 809-839.

European Foundation for the Improvement of Living and Working Conditions (1997),
New Forms of Work Organization: Can Europe Realize Its PoteriDialitin.

European Foundation for the Improvement of Living and Working Conditions (1998),
Direct Participation and Organizational ChangBublin.

Gallie, Duncan, Michael White, Yuan Chen, and Mark Tomlinson (1998),
Restructuring the Employment Relationsiyxford: Clarendon Press.

Hammer, Michael and James Champy (1998g¢ngineering the Corporationdarper
Business, New York.

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

Katz, Lawrence F., Gary W. Loveman and David Blanchflower (1992), “A
Comparison of Changes in the Structure of Wages in Four OECD Countries,”
NBER Working Paper No. 4297.

Kremer, Michael and Eric Maskin (1995) "Segregation and the rise in inequality",
mimeo.

Krueger, Alan (1993), “How Computers have Changed the Wage Structure: Evidence
from Microdata,”Quarterly Journal of Economig408, 33-60.

Lawler 1ll, Edward, Susan Mohrman, and Gerald Ledfod®9@), Employee
Involvement in Total Quality Management Practices and Results in Fortune 1000
companieg1992), San Francisco: Jossey-Bass.

Leamer, Edward E. (1994), “Trade, Wages and Revolving Door Ideas,” NBER
Working Paper No. 4716.



RESTRUCTURING THE ORGANIZATION OF WORK 24

Leamer, Edward E. (1995), “A Trade Economist's View of US Wages and
‘Globalization™, mimeo.

Levine, I. David and Laura D'Andrea Tyson (1990) "Participation, Productivity and
the Firm's Environment”, in Blinder.

Levy, Frank, and Richard Murnane (1992), “US Earnings Levels and Earnings
Inequality: A Review of Recent Trends and Proposed Explanatidosrhal of
Economic LiteratureSept, 1333-1381.

Lindbeck, Assar, and Dennis J. Snower (1996), “Reorganization of Firms and Labor
Market Inequality,”American Economic RevieWapers and ProceedingMay,
86(2), 315-321.

Lindbeck, Assar, and Dennis J. Snower (1999), “Centralized Bargaining, Multi-
Tasking, and Work Incentives,” mimeo.

Machin, Stephen (1993), “Changes in the Relative Demand for Skills in the UK Labor
Market,” in Unemployment Poligyed. by Guillermo de la Dehesa and Dennis J.
Snower, Cambridge University Press, forthcoming.

Milgrom, Paul and John Roberts (1990) "The Economics of Modern Manufacturing.
Technology, Strategy and OrganizatioAmerican Economic Reviewp. 511-
528.

Mincer, Jacob (1991), “Human Capital, Technology, and the Wage Structure: What
Do the Time Series Show?” NBER Working Paper 3581.

Mitchell, Daniel J.B., David Lewin, and Edward E. Lawler M9Q0), “Alternative
Pay Systems, Firm Performance , and ProductivityPaging for Productivity: A
Look at the Evidengeed. by Alan S. Blinder, Washington, D.C.: The Brookings
Institution.

NUTEK (1996), Towards Flexible OrganisationsStockholm: Swedish National
Board for Industrial and Technical Development.

NUTEK (1999), Flexibility Matters: Flexible Enterprises in the Nordic Countries
Stockholm: Swedish National Board for Industrial and Technical Development.

OECD (1996),Technology, Productivity and Job Creatjorol. 2, Analytical Report,
Paris.

Osterman, Paul (1994), “How Common is Workplace Transformation and Who
Adopts It?”Industrial and Labor Relations Reviewan, 47(2), 173-189.

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

Piore, Michael J. and F. Sabel (198%he Second Industrial Divide, Possibilities for
Prosperity Basic Books, New York.

Rosen, Sherwin (1983), “Specialization and Human Capitiyfirnal of Labor
Economics1, 43-49.

Sachs, Jeffrey D., and Howard J. Shatz (1994), “Trade and Jobs in US
Manufacturing,”Brookings Papers on Economic Actiyity 1-84.

Taylor, Frederick Winslow (1911)The Principles of Scientific Managemgehew
York: Harper and Brothers.



RESTRUCTURING THE ORGANIZATION OF WORK 25

Vickery, William S. (1964)Microstatics New York: Harcourt, Brace, and World.

Wikstrom, Solveig and Richard Norman (198%4jowledge and ValydRoutledge,
London.

Yang, Ziaokai, and Jeff Borland (1991), “A Microeconomic Mechanism for Economic
Growth,” Journal of Political Economy99, 460-82.



Al

Appendix

The aim of this appendix is to construct a simple, illustrative model of
informational task complementarities, indicating how they may arise and how they
relate to the returns of specialization and the technological task complementarities.
Specifically, the model focuses on an informational structure that generates a trade-off
between returns to specialization and returns to informational task complementarities.

Suppose that each worker performs just two tasks, which we may think of as
“production” and “sales,” and where the informational task complementarities run in
just one direction (from “sales” to “production”). Letoe the fraction of time the
worker devotes to production, and letz)lbe the remaining fraction devoted to sales.
Suppose that the output is nondurable. The amount of output produced per period
depends on (i) the fraction of timethe worker devotes to production and (ii) his

productivity s, at the production task (where the subsgripenotes production):

q=drs), d>0 (A1)
where s, is labor in efficiency units. Suppose that the productigjtg§epends solely
on returns to specialization, so that
s, =5(1), §>0 (A2)
Similarly, the greater the fraction of time tLthe worker devotes to sales, the
greater his productivity at the sales task:
s,=s(1-1), §>0 (A3)
where the subscriptdenotes sales.
The firm’s revenue iR = py, wherep is the price ang is the quantity sold. The
demand for the good depends inversely on the ppgepfsitively on labor services

devoted to sales| -Ir)s,, and negatively on the divergence between the product

quality and customers’ most preferred quality (measured by the vadatite be

defined precisely below):
y=¥p(-1)$.9), y<0,y>0 y<0 (A4)
Suppose that the good produced is one of an infinite variety of potential goods,

whose differences may be represented by a continuum of product qualities. All

customers are assumed to have the same product preferences, which are ordered
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around the circumference of a circle, in the spirit of Vickery (1964). On this circle,
pictured in Fig. A, there exists one poiqt) which is most preferred, and customers
prefer qualities that are closerdd on the circle to ones that are further away.

The range of feasible qualities

The customers’ most preferred quality (q*)

A partition of length (4/M) ofthe
preference circle

Figure A: The Information Gathering Process

Furthermore, the customers’ preferences are stochastic, in the sense that the
most preferred point moves randomly around the quality circle from one period to the
next. The associated preference density is assumed to be uniform around the
circumference of the circle; in other words, at the beginning of each period, every
point on the circle has a equal chance of being chosen as the most preferred point.

The worker in the firm has imperfect information about customer preferences.
Specifically, in the absence of experience gained from selling a product, the worker
knows only that the preference density is uniform in each period. In the process of
selling, however, the worker is able to gain more preference information. The role of
the information gathering process is to partition the preference circle into a number of
equal segments and to reveal in what segment of the partition the customers' preferred
quality lies. The more time (%)} the worker spends selling the product, the more
finely he can partition the preference circle, and consequently the better his
information becomes. Specifically, lettidg be the number of partitions, we assume
that

M=M(1-1), M'>0 (A5)
Letting the circumference of the circle have a length of 4, the length of each partition
is 4M, as shown in Figure A.
The decision to produce a particular product means choosing a particular point

on the quality circle. The quantity demanded depends inversely on the expected
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distanced between the production point and the customers’ most preferred point, as
indicated in Eq. (A4). Given that the preference distribution is uniform and that the
worker knows in which partition the most preferred point lies, the expected distance
between the production point and the most preferred point is minimized when the firm
chooses the production point that lies at the midpoint of the partition containing the

customers’ most preferred point. Then the expected distahce is
o0=— (A6)

This is our measure of the worker’s information about customers’ preferences. By EqQ.
(A5), the greater the fraction of time §]-the worker spends at the sales task, the
more information he gains about customer preferences (i.e. the gredgr tise
smaller is the distance between the production point and the most preferred point (i.e.

the smaller i®). Thus, the greater the quantity demanded.
Inverting this demand function (Ad)p = p(y,(1-7)s,0) and setting quantity

supplied equal to quantity demanded<y, since the good is nondurable), we obtain

the following revenue function:

R=ddrs).(1-71) 5.0] &t 9 (A7)
The information about customers’ preferencésig the channel whereby our model
captures an informational task complementarity, running from the sales activity to the
revenue generated by the production activity.
Substituting (A2), (A3), (A5), and (A6) into the revenue function (A7), we

obtain

= dr ) 0= e )

To shed light on the analysis of Section 2, we now express this revenue
function in more general terms. For this purpose, we view the returns to specialization
and the informational task complementarity as components of the worker’s labor
endowment (or human capital) at the two tasks. The worker’s labor endowment at the

sales task i, (7). Since there are assumed to be no informational complementarities

! Since the distance between the midpoint and an endpoint of the partitionM$, 4/(2
the average distance between the customers’ most preferred quality and the quality of
the produced good is 48 = 1M.
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running from production to sales (i.e. information gained at the production task does
not increase productivity at the sales task), this endowment consists solely of returns
to specialization. By contrast, the worker’s labor endowment at the production task

depends not only on the returns to specializationr)13$,( —7)lat that task, but also

on the informational task complementarity running from sales to production,
1/ M(l— T).

These two sources of the worker’s labor endowment — returns to specialization
and returns to informational task complementarities — play a central role in our
analysis of work organization in Section 2. These sources are relevant to more
activities than production and sales. Indeed individuals’ performance of most tasks is
probably subject to returns to specialization. Many are also associated with both
technological task complementarities, and with informational task complementarities
in the sense that information acquired by a worker at one task enhances his
productivity at other tasks. In this sense, the production and sales tasks in this
appendix may be viewed as metaphors that are applicable to many work situations.

Section 2 broadens the model above to make it a convenient vehicle for

analyzing the restructuring process in more general terms.
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Figures 1. The Organization of Work
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