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1.  Introduction

Worldwide, firms are ailempling roajor shifis in their sirategies and restnsctur-
iags of their organizaiions. The most recent wave of such findameatal change
began in the United States, Canada, and jhe United Kingdom during bs 1984s,
in response to increased infernational competition and an especially active
meket for corparaie conirol. Firms restruciured 1o focos moxe on “care” opera-
tiong by divesting nretaied opemtions and businesses amd to redoce oodis by
“downsizing” and Mallzning their organizational hierarchies (Lichienberg,
1991). During Uys period, (oo, meny meaufackurng enterprises began aiempls
(o move from a Fonfist, mass-profuction paitem to “modem manofcnring”
(Milgom end Roberts, 1990), introducing high-commimment homan resource
and sopplierrelatfons policies, Reaible manufaciugng methods, increarsd qual-
ity and response sposd, and kaizen (contismous improvement). Over the last
five yeazs, firmg in the mansition economies af Bastem Earope and the Tormer
Saviel Union bave been going through massive changes as they ae privalized
endd dhen seck (0 adapt to commergial operations in make! cconomies. New, in
Westem Rarope and fapin, the pressures af lingering regessions eombined with
tonghened U.8. compedion, thie emergence of tow-cos compelitors in Baslem
Eurnpe and Easi Asig, and baslc chanpas in their demographic snd economic
envinsuments are forcing firms o comsider wrenching changes in thedr strate-
gies and organizationsl siructures. And, wilh encouragement from internalional
banking arganizations, developing countries are privaiizing stale-oumed enler-
pricas, ncreasing productivity but afso losing joba in the process, -

These fundaméntsl changed are bard, The Limited evidence available sug-
gesis hat downsiziog often f2ils to bring the hoped-for gains in prodoctivily
and profilability.! Even when (ey snceeed, as in the case of Genenl Electric’s

1 Por eanmple, according ta a 1993 Wyau study reported by Byme (1994), “fower
thim ba][pl}l.r. companiea (inl downsize mcel the finsncisl and operational gaals
they set {or themselves.”
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refocusing and dowansizing under Jack Welch, ey bi in: Welch was
tubbed “Neutron Jack" because, like the neulmn hzmb. nhi I;Tn'd of &l he
people but left the buildings standing. Firms sometimes avoid undenaking radi-
tal changes, even when \hey seem 1o be obviously wamanted, Fo example,
General Molooy president Jack Smith recently described his firm as having been
“in denigl” when, doring \he 1980s, it Fuiled w move towards the paliems of
“lean manufacfuring” thal Toyors hadf shawn 1o be more effective and thay Ford
and Chrysker were crabracing. ‘When fundamental changes are auempied, it is
often only in the context of a crisis that threatens fite Brm's continued exis-
feice: this was (he case 21 both Ford and Chrysler.

The difficulifes of whalesale change have led some 1o cansider whether
slower, partial adjusiment, perhaps on an ongeing basis, mighi b 1 viable al-
emativa model for adapiing stralegy amd sirciure 1a 8 changing environment,
For cxample, the debate an how best 1o manage the teansilien from sociakism
basically poscs tese two as substittes, Indesd, the title thar e organizers of
the worlkishop soggested foe Ui paper teflects this view of the fwo soris of
changes as substittes: they had “Partial Adjusiment or Fumdamental Changs,”
wheee we bave wrilten “Conténuoys Adjusiment ard Fundamental Change,”
One of the purpeses of this paper s 1o show that conlineous gdjnstrrent and
lmdamenial chenge axe not always substilnles; they can often be complemen-
lry. For withoa! the organizational capahilily to refine and eafiance a new §ys-
lem quickly, furdemental changes axe bardly tikely (o succeed.

A central element of awr formal analysis of change is thal the problem of
C_hﬂillﬁlflg among sirategies and organizationat siruciures i3 often marked by
sigaificant noncanvenities, Coaespundingly, there cen be woltiple focal optima
-—values of the choice vanables (hay yicld betier gerformance (han any ather

“nearby," similzrchoices—and multiple feam equilfiria—vales for fhe choice
variables which ate cokeren fn the sense that no change, however large, in jusi
e (praper) subset of all the fimm's decisions that are controlted by an individ-
|!al marager improves ovesll tompany pezformance, There may even be mul-
liple decentralired opmima—puints fram which Ihere is nio beneficial ¢
thut does wol invalve changing all of @2 firm's decision variables. Purther, the
Incal optima can coincide with team equilibria and can ineolve quite distinc
I'alterns of stralogy and organizalice, and mixing elements of (wo such patiems
vr adopling valaes for the choice variablcs that are iniermediate belween two
celierenl patterns weed not yield coberence or local eptimality. Thus, the prob-
lum of firding an effective arganizational Slrlegy caa be conczived of as con-
iisting of ¥wo panis: deciding which hill fo climb and then climbiag it as eflj-
emily as possibfe,

Which il to climb—which sirategy is best—depends on a varely of envi-
wninental factors fnvolving (he state of technology, the regulalory environ-
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ment, firm objectives, and input and Gmal markes conditions, This leads lo an-
other of om conclusions: there is ao univessally besi strategy and siruciure,

Consider the example of the eutorohile indusiry as sketched in The Machine
that Changed the World (Womack ¢1 al, 1990), The authord of the book
describe lean manufactuning as simply being supcrior o masy production, Just
&S masy prodoction was saperior to (he crall production sysiem. However, the
Getaily of their cepan seem o teil a different story,

A bundred years ago, sutomnbile manufacturing was a crafl industry. Pro-
ductian was in loi sizes of one wnil, made 10 the individusl custamer’s specific
order placed directly with the manufacturer, Capital investmem was Tow, and
the labor force consisted of highly skilled crafismen. Boginning wilh Ford,
mass productioa displeced craf prodection. The intemal togic of the new ays-
tem, based on the transfer ling, interchangeablo parts, and the Explotation of
economiss of scale, wag strikingly different frem (hat of craly produclion, More.
recenlly, another new paradigm has emesged in the form of lean and flexible
manufaciuriog as first developed by Toyot, This pamdigm, which accentaales
Nexibilty, speed of respomse, and economies of scope, differs from mass o-
duction on a host of identifiable dimensions involving Inonan sesource prac-
lices, product devefopmen| strategies, mannfaciuring ricihods, supplier and
cusiomer refations, and management methods {see Table 1).

Each of these theee patiems i distinct from the others end sepresents a co-
herent patlem of stategic and wrganization] decisions. Mureover, ecoh can be
the aplimal choice in paviicular conditions, Niass production is well suited to
situalions whese educated, disciplined wotkers aro in shart supply but oaskilled
labor is easily available, where customers do not place a-kigh value on VETESy
bul a1e pricc sensitive, ar where inpul suppliers are operating undey the mass
preduction model and cannot easily respond to demands for Mexibility that
characterize a castommer using the modem manufacturing stralegy. Arguahly,
these characterisiics described the envirorment in which the auto industry op-
exated aver much of this centuxy, alihough they probably da not oblain now in
the developed ooumtries. Thus, while lzan mmd fiexible many faclurmg may have
become a more rewariing strategy under curren conditions, it is vl best for =11
condilions, even in amlomobile production. Under the conditions prevailing
whien the antomobile was firs1 invented, for example, the crafl production sys-
lem was efficient. Unti) advances in metallusgy and manufaciuring metheids al-
lowed the idea of lerchangezble parts to become a reality, crzlling parts (o fil
on each car was unavaidable, Crafl produciion remains elfective even todsy in
the super-loxuey segmeat of the avin industry, where Jow volumes make tha al-
temative agproaches o cosily. Moreover, once ong goes bteyond the auto in-
duatry i js clear thay different production systems may be appropriate in dilfer-
ent circumsiances. For example, haute comture i3 a call tadustry; fow-fashion
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clathing is mass-produced: and Benelton and the Gzp operate on something ap-

praaching the flexible manufacturing model in designing, praducing, and mar-
-keting moderately prced fashingg. Bt Lo

Table | — Mass Production versus Lean Manubactuzing

DIMENSIONS MASSTRODUCTION: { LEAN MANUFACTURING:
Transfer liner, .l_tpecfnk'm.f for,[ Flexibility, rapid responses,
ard ecengmies of scala and econemies of scope
Capial equipment Specialired Flexiblz (loaw s
. cosis
Produciion nms Long nuns, large lot gives Mm,mﬁﬁt ;.izz-.:
Froduct changes Infrequeni Frequeai
M l.rhﬁs Mbss markets Targeted markeis
Worker ski N Low or specialized High, with efmss-1raining
Decivion meking Central expedise and Locd] inf{otmation and
. hiemrchic plamning ecl-regulation
Communications Primaarily vextical Primuily horizomel
Product tir.veln;mm; Sequential Croas-funeticnal teams
Operstional focus Siatic oplimizarion Conlinurps improvement
Dayo-dsy emphpsis Accent on volume Acoent on qualily
Inventorics High
Kanaping lmmlainly Sxzpply manzgement Demand m anegeniens
Customer telaltons Meke-ta-sinck, limited Make-fo-order, exiensive
] oomminications OOnYTic AL
Supplier relationy Shant-lem, prico-bes=d | Long-term, competency-bresd)
Veriteal integratio High Low
Employce relatiomns: Low commitment, High commitment,
Facsory warkers confromartional coopeTalive

Many familiar examplos suppoct (he idea that succesefil organizalions adopt.
enc ol a Inr_niwd number of distinct orgenizational and strategic Talterns. Lin-
coln Eleciric Company, the wortd leader in the mamufacsure and sales of arc-
wclmng cquipmenl, has adopied » highly distinctive se1 of arganiztional and
sralepic choices. The firm's regard of produciivity and profiuability for over
hall a centiry from ll'll‘f 1936s through the 1980s is legend. (n the tare 1980s,
flﬁ_l'fﬂcr, Lincoln acquired overseas production facilities, including several ex-
isting plants, (0 Bssure its access 1o markets outside North America. I has had
clJIT‘tca:l_Ly installing the [ull range of its diminclive policics and processes ay
Ihese siles, Cought in the middke with a mix of Lincaln’s distinctive practices
and U‘aqninml, tocal ones, many of these opesations are as yel unsuccessial
and (izir poor pedformance ecivally led the company to incur its Girst Iosssincc:

. i -
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the Great Depressian, Additional examples of systemic change involving a
large number of organizational attributes may be found in Chandlec's (196%)
szcoun! of how Standard Oil, OuPooy, and Sears Roebhuck had to restnicturs
(bemnselves [imdamentally to marage their incressingly diverse businesses in
(he pedod after World War J, giving bilth to the eultidivisional form. The re-
markgble similarities among thess independently designed osganizations is evi-
dence of the desp farces thal acoaunt for ceganizaional digcreteness?

The aoio indostry example also illustrates the claim thal attempis (o mix
elements from distirct pallems msy resall in a sralegy or arganization that is
nol viahle. Conzidey en cxample we wifl cxamine later in more dewil: e
flexibility of the production sysiem and ie beeadth of the product line. Under
mass prodiction, both of these variables are sed at low levels, while both are sel
2t high levels under lean, flexible manufacturing: Ford produced a single model
af cgr, in a single color, in a plant that was completely specialized o (he task,
while Toyaia's Tamigo engine plam contimsaliy prodeces bundreds of varianis
of eagine-fransmission ceEnbinations oo a single, hipghly Mexible poduciion
line, Each of these alieruatives rejeesents a cokerent paitemn, Yet tylng (o
match a brozd preduct ling wih inflexible egoipment or Fexible equipmen)
with a namow product line does noL make sease, and a1 best would resull in

much worse parformance than either cobierent patlem.

When the fien's sicategic and ocganszational chaice problem is net concave,
gnd in paricular when it has the form suggesied by these examples, then
ghanges in (he environmen) that yield litle or no change in the local oplima or
team equilibrin can nevertheless markedly alter the compamative advanteges of
e dilferent stralegies. Small-sca’e adjustment on an angaing basis can allow
(e fimm (o adapt (o e same changes, ani this can ollen be seccessfully done
on a deceniralized basis wilh no explicit osimdination emong the managers. We
shall srgue thet such edjusimenis can ofien also lead (he ficm toward a Incal ap-
tistumn even when managers lack a priori knowledge of where the eptimum lies.
But when there s 2 shifl in e ranking of the different coherent patierns,
substantial sirategic and ovganizational changes are warranled, and such
changes canaol be accomplished without a coordinated search aver a wide tee-
rain

Of course, even if the firm’s problem were concave, 25 econemic analyses $0
oflen assume 1 to be, discontinuoys environmental change or gasi Gilures o
adapl could leave the Gmm severely maladspted to ils current environment, sa

2 Other economists have ergued simitarly thal orgemizational and sustegy choices
are disercte: Witlismsan (1975, 1983) poscs the multidivisional, M-form, end
[unwtiansl oggsnizalion &5 distinct ehiematives, end Porter (1980 asserts thai there
is only a small mmber of cffeciive pereric wieategies, wilh hybrid siFacpics
doomed o [ailure., 2

aram™=* =< -

IRl B =

AN A IWIT ™t TLIiieY™ |

P



2356

that substantial changes would be wamanted. One might think thai since grad-
ual adjustment and farge-scale change are altemative ways ta make pans of the
adjustment, the Iwn capabilitics are substitutes in the organization’s problem.
Hawever, close anelysia reveals that this intuitive conclusion Tefies on severcly
restriclive assnmptions, Only in the case of one-dimensional, concave maximi-
zation prablems do we find thal an incmase in the firm's ability (o make ary ini-
tial leap toward dhe new optimum makes it less willing 1o invest in the capshil-
ily to make a series of additional, incremenlal improvements. For Both moncon-
cave problems and problems with el least (wo dimensions, the reverse conclu-
sion may be true. Tn nonconcave problems—even in one dimension—a fm
with the ability to leap a long way loward the optimum may wish a inves)
mors in a capacily for continnons sdjugments thay aflow if to complets the
Langitien, In comrasy, a fimm withoul such a capability is more ikely to forego
or delay the [arge adjusimen, reducing its incentive Lo invesi in a capacity for
additional gradval adfustments. Ros such cases, the Iwo capabilities are com-
plementary. Tn higher dimensions, complementarity smang the capsahilities is
even consistent with concave production functions. An ability to meks a leap In
anc dimension s made mare valuable by the ability (o adapt quickly and easily
o complementary dimensions. For example, the akility to fead die markel in
imroducing radically new prodects is most profitable for a Grm (e can also
ysickly modily ity production (zcilities to maks the produci at fow cost. Conge-
quently, regardiess of she coneavily uf tho objective, am increased capacity 10
make Iarge changes on one dimension feads an aptimizing firm (0 eresse its
invesiment in the capacity to make complementary changes i other dimen-
10718
In peneral, the foomal analysis of uastruelured, nonconcave maximizalion
moblems is extremely difTicalt. Much of our forma? analysis s rooted in the as-
sumplian (hal the fim’s prablem dass have a special stnucture, namely, thay
heee ave complementarities ammg key clements of the frm's siralcgy and
stcture, We bave argred elsswhere (Milgrom and Roberts, 1990a, 1992,
1984a, 1994c) thal pervasive complementarity selations are a featurs of many
actual silvations. Their presence provides imporiant structure while still being
cansistent with the firm's groblem displaying the nonconcavitics we have dis-
cussed already. In the next section, we will elzborale on Lhe nature of the stme-
turc imposed by complementerily and establish some af ils implications, In par-
licular, we show bow the (im's search problem of locating a more profilable
arrangement is immensely simplified when its choice varinbles arc complemen-
tary. As well, complememtarity beiween the environmental variables and the
ckments of e firm’s choice resulls in unambiguous compatalive statics analy-
sis, afowing us (0 detesmine the qualivative direction of the optimal response
hy the [m Lo cnvironmental changes.
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Reluming to the automabile example, one of the suiking features lfl.ﬂl
emerges from examining Lhe historical development of the lean produciion
mode] is that it did not appear fully formed but rather developed slowly, by ac-
ereiion (Toyoda, 1987, Cusemano, 1985). Toyota's leaders in the eay postwar
period saw (hat the market conditions i faced and the scale advanmgu,nf
American manafactarers wonld not fet it succeed using the mass produciion
model, and they thea developed the sew model aver time. The story al Liacoin
Efectdc is similer: the various characieristic feaiures were nol adopted 1l et
omge, but rather over fhe caurse of docades, These chservaticos might scem (o
can doatn oa our hypothesia thet orgenizational altematives exe discrete. We
sugues, owever, (hal Lhey can glso be viewed as incremental movements that
slarted foom fundamendally diffesent initial conditions than these leading to
more standard mazs produciion patteens and thal were guided by a dillerent
Togic end a differenk vision of the ullimate modzl, Toyola, for example, began
as a manufscturer of textile equipment and emered on a small seale into an
sntomobile industry already dominated by giants and into a local maskel that,
while small, already demguded a variety of grodacts. The initial devefopment
of the Toyot system owes much o that berilage. Further, in a context where
the firm's choices foed back and affect fhe evolution of -its environmeat, as in
the Toynta exampte, the pursuil of the different modal {modem, lean, and Mexi-
ble manodfacturing) can shape (he environment in ways thal increase (he effec-

tiveness of thal model relative to the allematives. Feedback effects of thiy sort

edd momentum {o the changes taking place in the firm, leading it to develop an
incressingly cohereal and refized set of policies (sce Milgrom ef al., 1991).

Somo of our analysis is bascd on team-thcosetlc approaches, where the par-
\icipanis in the argamizatimm share goals and there is mo conflicl about objec-
tives, Bven hece, one can idenlily reasons why large-scale change should be
difficult to achicve suocesshully, These are investigaied in Section 2. No kss
imposisnt as bamriers (o chenge ere inkaviganizational conflicts of inlel:m;
peonle may be expacied o regist changes that imperil any rents they are enjoy-
ing. One way ta avoid this resisfance is to avoid enfrenching emp[oyec? in posi-
tions thal generate renls, Regular job rolations for managers, pay policies H?m
{avor equity, and employment guaraniees ars B paficies that can reduce Iesis-
tance o chemge. These polficies, hawever, are nol withoul cosis. A [omal
analysia of some of the somces of eesistanoe 2nd policies thal alleviate the
problem is contained in Secton 3. First, ihoogh, we turn (o 2 closer Mody of
some of our ideas conceming nonco nverities, complementarities, and the prob-
Tem of coordinaling change.
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2,  Changeina Team Sefting

I this section, we adopt a "team™ approzch—are thal abstrects fom e con-
{icting objectives of the managers and the firm and zseumnes tha all share he
comtman objeetive of maximizing the finn’s prafii. StHl, there may be a prob-
lem of plantting and ocordmating (he (eam members’ docisions.

a, HIN Climbing

To sct & formal conext for cor questions about the need for “londemental
change” and vhe role of cenwalized coordinafion in planning for and imple-
meating change, we begin with & neoclassical mode! of 2 firm atempilng to
auzpt to W13 changlng eavironment. The frm has a production Nmetion, say
[ (a1, xp. €), whese 1, is a vector of purchased inputs, &, isa vector of other
flecisigns taken by (¢ (frm, and € is 8 parameter chamderizing the environ-
ment, If the prevziling Input price vecter is p and (he oulpue price is nommalized
(o unity, then the fimn's profis are PRy X0, E. )= [(Xy. X, €) — px;. The
ssue 10 be siudled is how, end how well, the frm adspts when the
environmenl, and p, changes,

We can either assume #hat the decisions in the finm are centratized or, elter-
natively, thal decisions are conltolled by several managers making their cholces
independently. In eilber case, suppazs that decisions are adjosted in a dicection
that increases profits, In the fist case, this might invalve a coordinated, local
change on mukiple dimenstans, while in the latter we Gxink ol each individuat
manager as adjusting his or her choice varinbles wilhoul kmowledge of the
adjosiments (hat others may be sndeniaking, Models of this sart are sametimes
calted "Hill-climbing™ models, because il one visualizes the fim's choices a3
lying o4 & plane and (he profil conesponding ta any point as e altitude of the
lersain, then the engaing changes elways are ones thal move e fim uphill, 10
4 point of higher gofits, Such a jrocess conlinues indefinitely upward or unuil
il reaches a local profit maximum. Plaowible restriclions on the hilt-climbing
process ensure that fie process eventually approaches a local peak of the profit
ecvain. Also, with the “standard” assumplions that the profil function rr is
smooth, bounded, and siricily concave, the only local marimum is also the
global profii maximom. With these sandard asswmptians, it follows thai hill-
cimbing processes, subject Lo plausible restrictions, Tead the fim to it glotal
profit maxioum, They may echieve this Faster and mare directly when the
choices are coordinaled m each siep, but cven the decentralized, uncoordinated
version reachics the global optimem.

The hill-climbing process thal characterizes the firm's behavior does not
need to be sophisticated. The process will canverge to the maximum even if (he
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changes selecied by the procedure are nol fac-sightod, that is, even if they do
not always move the fim closer (in Euclidean distance) to the acival prot?t—
maximizing combinaiion. There is canvesgence even  the mpvements in-
volved are small and the optimum Far away aml even if the various atemnor!a
are made separately and sequentially, with each x; adjusted by a scpanate deci-
sion maker without regard (o the chaoges to be made later by uih Quire
simply, when one is climbing a smooth hill with a single peak, heading alsrays
upward and moviog el a decenl pace, ong eveninally approaches the iop,
fogh the noate may be circuitms. )

Starting from any initial environment, £, and py, suppase thay the eaviton-
ment changes (0 €; end gy, and thal the managers io charge of the various de-
cizicns 2dapl in a continoiog attempl to improve profits, but withool eny ek
plicil conrdination. That is a hill-climbing procedure, so, under fhe “'standand
prsumptinns, the eventual anfcome will be a profit maximum. As emphazized
in the Introduection, it does mod even malter whether the managers know ¢y,
that is, whether they know whai function \k2y are trying to maximize. All that
each manaper needs o know is whether theze is some local change the manager
czan prake an his ar hee own Lo incregse the firm"s pralit,

Here, hawever, the siandard smonthoess assgmpiion plays a key role. For,
suppoee the firm faces a Leontief production funciion [minde, 3] where x and
y are cosfly inpots controlled by different manggers. Then many points with
x =Yy can be eam equilibwia, and umeoondinated bill-climbing will nol find 20
optimum, although coordinated moves that keep x equal 1 y will snoceed.

Concavity has a second implication, 1o, which was hightighted in e Intro-
duction, When the greolii fimchion, =, is congave and the fm's choice can be
modaled as being one-dimensianal, the ability of a fum lo tzke a lacge stzp in
the direciion af the optimum lends (o reduce the value of being able (o iprove
rapidly by taking a series of small uphlll stepa. They are sabatitulcs hacm
they are altemative ways of approaching the pesk, and a firm with an ahility 10
make Targe leaps will 1end to invest less in its Zhility to make quick smail ad-
jostments, Here iz a simple formal silement of this idea.

Suppose that by investing [ in systeras Rexibitisy, the Hirm can amange 1o
face an adjmstment cost of of) per onit of change. Suppose alsa that the profit-
maxlmizing decision i x*, .that the firm’s initial position is xg, and that the
firn's shility (0 make a “lundamental change” is measured by the merimom
distance, A, fhal il can costlessly jomp in the dicection of the optimym, x*, ILis
natural (o asspme that the fuocticn ¢(f) is decreasing: one cen reduce adiys-
menl coms by dnvesting more in flexibility, Tet us also snppose that

xy + A S, sothat increases in A represent strcl increases in the finn’s abi!—
ity to jump loward the opfimwm. Then the fimn‘s profil function is
f(xy + A+y) —c()y|— 1 thia is the profit rzte alter the jump of A and the
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atljusiments, y, minus the cost of Lhe adjusiments, c{I}y, minus the investmen
cost, /, Given cur asssmptions that xp + AS a* and thal fis concave, the fim
can never benefit by sesting y <0, 50 we can Gx y20 and substituie y for |y
withoul loss of genemfity. Regarding thizs whole expression &s a function
&y, 1. A) and using the assumption that fis smonth and concave, one can
chedk dirzctly thar the mixed partial derivatives satisly myy 20,2 SO, and
%14 =\. Finally, we assume that J and y arc constrained to Fe in compact

~ sets.” The comparative statics conclusion i thes as indicated; As A increases,
the aptimal Tevel of inveslment, /¥, falts and with i falls the aplimal amount
adjusimeat, y*, 1o be made. In that seose, fundamental change and panial ad-
fusiment are substimtes. As sccentoated In the Inwodwction, howeover, this
amalysis doez hinge crucially on the assumpiion that £ is concave! and thal its
domzin ks one-dimensianal,

(n genezal, when Fis convex over (he relevant portion of fhe (one-dimea-
signal) domain, a greater abilily, A, (o make fundamenta] adjusiments witl in-
creuse Lhe benefit the firm enjoys from its investment in the abiity (o make ed-
Sustments. A fiem thal can quickly climb whatevez Iocal bill it is on may find it
ingn: allractive o be en carly edopter of a significant new (echnology, vounting
on its rapid adjusiment capabilify 1o weke (he early leap to the new hill wosth-
while, In that case, a Fm with ke capability of making large “fundamental”
changes will be inclined w invesl more in develoging its abilily (o make small
adjustments than & £trm without thal capabifity.S -

The neoclassical model of Lke firm with a poaver (achnology has exmed ils
populacity because it idanlifies a set of cases in which it can be proved that de-
centralized decisions, guided only by prices and local technical information, are
logically compalibile with awainimg efficicnt outcomesz, Nevertheless, the modg)
differs dramalicaily from mosi people’s understanding of the aclal ca-
vironmen! of busicess, Indeed, since Adam Smith's ascoun of e warkings of
the pin faclory, economists have regularly emphasized the practical imponance
of the ecoromies of specialization and ecale, These observations are inconsk-

tent with the hypothesis of a conven technology or concave production fong-
tion,

A Onz may add a constraint in which y is bounded ebove by any nondecreasing finc-
tiva of Fwithou! ailecting the conclnsions,

Milgrom and Robrers (1994b) show that the condition Jhat M4 2 0 i neocssury
ml} “;E'f“““l fox the general vaGidity of such conclmions; here it i3 equivalent
o f"<0

In the gezeral case where ['is neither concava nor convex, these is no general eom-
piralive statics conclosion, The conclusion depends on the pesticuler form of the
Function ) and the panticular consliaints thal apply 10 the chaice of y. Sec Mil-
gram md Roberts (J934b).
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Fer a mote salisfectory ecoount of Ihe probkm of changs, ferelore, we will
need to intrduce the possibility of nonconvexilies in the fimm's produckon sel.
Nonconverilies mean (hal the profit teriain may have many hills end valleys
and many local peaks. Reaching the highest pesk (the profit-maximizing paint}
Irom & differeru local peak by Kill climbing is tmpossible, even when the 2d-
Jjustmenis are chogen fa a caosdinated fashinn, because Any routs hag to ke the
{imm through valleys of low peofils. Nencomvesities thus imply that adjustments
may need 1o be guided by global considerations. They also create a role foc
lenps goross the valleys, hat is, for large-seale changes.

Nonconvexilies do not automatically imply thas changes hiave 1o be made by
keaps, howevee, IF the costs of adjustment are an increasing convex funclion of
(o step gize, repeated parifal adjustments are less direcily costly than a single
large changs Ul ammives &1 e same endpoint. The offsenting drawback of
graduzl change iz thal it necessitales operaling for mom-or-less extended peri-
ods in the valleys, so that operating profits are lower than they were ai the ini-
tial poial, and that il fnher will require ai least inilally that the edjusiments
contivtally lead to ever-worscning perfoomance. We will retum to this issue
below. Nor do nencoavexities glone imply any teaefits fram coordination be-
tween mnils, Suppase, for example, thai profils i unit i are given by (1/2)x +
§in x; on some hourdled range snd thal finn profis are he sum of individual
unil peodits, This firm®a problem is not concave, @nd hill-climbing (whether de-
centralired or coordimated) will nat salve it. Yel ils sepamble nafure meany that
i can be solved in a decentralized faduon, one varighle sl a time, with any im-
groveaient on ong dimension pecessarily improving overall performance, Co-
arlinaling clangs acmss numerens variables becomes valuable whan the inter-
actions amoog the decisions of the different managers are significant. Thus,
fandamental change--targe-scale adjustments on mulkiple dimensions made
maore-pr-iess simultaneonsly—hecomes a mafor issue only when we combine
nonconvenily with nonsapambility.

Combining nonconvexity with nonseparabitity (and perhaps lack of anpath-
asss s well) would s2em to Teave too lilile simicwre on the problem ol chaos-
ing, strategy end organizalicn fo hope (0 Ge able 1o say anylhing except that he
prodlem is hard, However, there are in fact cfasses of groblzms with Lhesa
properiics thal are both tractahle and empirically relevant,

b. Design and Tanovalion Attvibules

In geneca), as economists since Hayek (1945) have emphasized, ceniral plan-
erw and Bread office enccutives sulfer an imponant handicap ie decision mak-
ing compared to the managers in the factory or the (ield: ibe bead office execu-
tivex da nod have direct, confinuous access to information aboul which people
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4nd which melhads have been most productive, what skills ceaple have to per-
form new tasks, and so en, Ye, despits that informational disadvantage, (here
e limes when central office involvemeal in docisions can fead 1o obvigus jm-
provement, elther by eliminaling Fosses associzted with goor coardination be-
{ween the depaniments or divisions or by developing important kinds of infor
mation that the managess in the factory or the field office do-not have, Both af
(hese are impontant feafured in fundamental chmge,

For example, when a firm plang for the introduction of a new product, ihe
markeling, design, manufaciieing, and distribution departments should agree an
when the praduct will be inroduced, which consumers o targed, end an gp-
pronimate safes foreeast, I the design group largets the wiong groug of cos-
tamezs ar the factory prodfuces more units taan the Girm can disivibute, or i
(hrec departments are ready and waiting to ge) staned while the founth is siill
gearing up, losses will be suffered, Similarly, when desigaing a new car, the
Separale groups of enginears planuing the chsssis, brakes, power train, passen-
ger envizonmea, and other suksystems should have prior agreemen| mr (he ap-
proximale weighil and sive of tho vehicls, as wzll as on the date of produrct -
iroduction. A car whuse cngine cammol carry il up a steep hill, or whose brakes
are unreliable for that weight, o7 whose air conditioning system eannat coof an
adequate volume of air or requires 100 much engine power is ardly likely ta be
profilakble.

As we have argued (Milgrom and Robernts, 1992, p- 91), these "design deci-
sions,” in whick cooclination is cspecially imporiany, are identified by iwo key
athibutes, The First is thal thero is significant a prior information about haw
the piecea of the system fil together. Ror examgle, in the new product introdix-
fion example, we know in advance that Lhe manufacturing and distribmtion gys—
{ems should be rezdy (o begin fancioning at abous (he same lime and the mar-
keting campaign should begin just a it earlier, even Urough we cannal kmeer in
advance exacily what those dates should be, The second is thal ermors of fir
should be relatively costly compared to errors of dessgn. Thus, if the planazd
new prodact introdaction date s one month Tater thaa the optimal dale, 1hny
wauld be less cosily than if just the manufaciuring fecility is one month late,
with all the oiher resources ready on time. Simitarly, iu desigaing a car, a miz-
ivaich beiween the companents is likely to be a costlier crror than having the
whale car be slightly heavier ar lighter than in the aprimal design.

Far design decisions, (he berefiis of centml coardination lypically omtweigh
the costs. For while the centml plan—especially a highly detailed one—is
likely (o misspecify what the irdividug! depanments shortd do, it can af feast
ensure (hat e plan is caherent, that is, that aWl the wicces K togeiher. I can do
That because, by definition, a design declsion is one in which theee is a prior
information abant what fits ogether. And while some losses are incurred be-
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cause the cenlral office decision makers are itl-informed about local cimnrr!-
stznces, those cogis are, by defmitlon, smaller than the cosis of the imcoardi-

ngted decisions that would &rize in Lhe ehsencs of some central office invalve-

menL

OF courze, (hers are more ways (0 organize dacisions than by uncoardinated
decisions amoag independent decision makers or by planned decisitns at the
head office. For example, one popular aliernative is the use of interfepartmen-
ial teams, Nevertheless, onr discassion end analysis does make it clzar thal a
dexign decision cammol be worksbly implemented by isolated decision makers
usfng jusi kocal and price infarmation (o guide their decisions, There ia signifi-
cant velue created by detatled communisations aboud such maflers as weights,
sizes, dates, menubacturing tolernces, and 50 an—by eaglicit planning of deci-
sions,
In eddition ot the attdbaies of design decisions, there is a second kind of de-
cision attribute that favmss head office dechsion making, These are what we
heve called innovation atiributes. Innovation attibutes erise when the payoffs
to altemalive stralegiea depend on infocmation that would be mavailable sven
if the individual [ocal menagers could pool thelr information, often because
they depend on intesactions beiween different functions. Eor enample, the sd-

vantages of flexible equipmenl for manvfacturing the cusrent range of products

may be something that the rmanufeciuring manager knows today from experi-
menig with exisiing prodection facilifiea, Similarly, cosiomer deenend for a cer-
lain extended ammay of new products may be something Lhe mareeting manager
knows from surveys or field trizle. Howevee, (b2 opiimal plan for the firm,
which mvolves designing products (hat can be made effectively on available
equipmznt and thal mee1 customer negeds, may involve costs and maketing data
that neither the manufacturing manager nor the macketing manager have avail-
able and thai cefl for research to support the joint effort in the same way thai
any inoovalipn calls for research.

Bauipment
Poducts Fufloxible (r, = 0) Flesible (¢, = 1)
Fow (x = 1) 0 g
Many (x,= 1) 8 ; -

For an example of these ideas, refer (o the accompanying table. In this ex-
ample, suppose the fim currently has inflexible cquipment and a narvow peod-
gel line. Notice thal expanding the prodact fiue withoul slso adjusting Lhe
equipmenl decision woald be too cosily to be wosthwhile: profits would fall
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from X0 1o 8. Simitarly, investing in Mexible equipment o manufacture the ex-
isting produci line would nol be warthwhile: profits would fall from 10 10 9.
The changes would be worthwhile onty if o> 10, which requires that (here be
complemenlariiy between the dscisions.

In mathematical 1erms, regardless of =, il is n Nash equilibrium of the game
between the lwo managers for them to choose nammow product fines and inflexi-
bie technotogies. This is so even though, as porrayed hew, both manapers have
identical obijectives and they might bothi gain by a change (if > 10). Notice,
loa, thal in tke absence of coandination on & plan, the parties coold do gidcily
wozsz, winding up with payolfs of 9 or 8. If £2 9, flen this is an examplz of a
desiga decigion; coordinating on & single design iz more important than Iraving
one manager of the other play bis ot her part of tho opiimal sirategy.

The same example illustrales fhe role of innovatian aimibutes. Bven if the
firm tas long been employiog a stmtegy involving a nanow product fine and
inflexible production eqaipmeat, the markeding and manufacluring meanggess
might sl have fearmed the: consequences of individual changes in their thoices
by engagiog in a pracess of individual experimentation. However, shers is liuls

wason (0 expect thal they could infer m fram (heir individual expericnces or
capediments, I ke enviconmem bas ghanged and 7r bas tisen fom & low num-
ber Lo one excooiding 10, there may be nathing in the (imm's day-to-day opera-
tions that maks (he managers aware of Lhat faci, .

C Complementarities In Business Plans end Organizational Design

[n the examp’s given above, the change 1o a Mexible manufaciudng, broad
produci line stralegy cannot be worthwhife unless the intaraciion between the
iwo kinds of changes adds value cotnpared ta what the individual changes von-
lribute, thal is, unless there are valvable complementaritiea between the gwo
kinds of changes. Moceover, there are a priori grounds 10 expect that these
changes would be complementary, which mekes it plausible that Mese aspects
of the business strategy might well be parts of a desiga decision.

Complementarities edd an especially tracieble stnuchwe for the analysiy of
decisions, so we shall pause here 19 remind (he reader of the conditions for, and
imiplications of, complementarity, (A mave complele kisting of the many impli-
calions of complementarfiy conditions can be faund in Milgrom and Roberis
(1994a],)

The usual nolion of complementarily in Toathematical economics is imited
to demand theory, wheze i1 eefess 10 demand for one inpul (in tho Lhzory of e
livm) or good (in the heory of the cansumer) falling when the price of a re-
lated, complementary inpul ur good riscs. The definition used here is equivalent
o the usual one when the choice variables are inputs for a firm with a convex
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technology. However, aw definition is not limited to demand theory pmhlems
and ailows the methods and intuilions of price theary Lo be applizd ngaerously
to amuch wider range of problems than has been nsnal.

We dafine a group of decision variables to be complementary when two
conditioms re satisfied. The Firsi concerns the conslraint sel, §, in which Lhe
choices, x, are consirained Lo le: increazing some of the \m-hblm‘; must no}
climinate any otherwise Feasthle increase in the remaining vasiables, (In
mafhematical terminology, the condition is that § musi be a sublattice.) The
sscond condition concems the payofis: the (incremental) payoff o increaging
any two ac more of (he variables together muat be no less than fie ﬂ{mc_nflhe
(incremendal) yayoffs from increasing each vasiable alone, Formelly, if fis fhe
payoll function and X2x ar slemative a-vecfors uf decisioms, then
FG) - 1) 2 T f(%y x.1)— x)). For a smooth fanction f, s is equiva-
lent to requiring U2 for all = j, the cormesponding mixed partial derivative is
nomnegative: 02 f /dx;des 20. Each of thesa inequalilics reffecis the idea l!\nl
the intccaction effecis are positive, In the [angusge of mathemetics, a functinn
with this property is supernmdslar, )

Does (he tatwlated cxamplo given above satisly the cemplementarify condi-
tions? There xc just two comditions (o check. The cansiraint condilicn is salis-
Ged by hypothesis: afopting flewible equipment does ool greclude broadening
{he prodact-ling (and might oven be regarded as necessary if a broad product
line is to be produced avall), The second complementarily conditicn is satisfied
gs well il 27, for then the sum of the changes in profit cowesponding (o the
individual adoplion decisions ia -3, bul the change in profit from adopling bath
changes together i3 & —102—3, I[n thay case, the example is indeed onc of
complementarity.

The presence of complementarnitics has several implications thet are refevant
for discusstons abotl ovganizations] chamge, but wa shall discoss jusi a few of
\hose here, Suppose tmt =(x, 6) is the fim's profit funclion with choice vari-
ables x end parameter 6. Assume (at the vector (x,6) is camplementary. In
paritcular, this requires thal increasing the parameler § raises ihe marginal re-
fums to some of the activilies in x, reduces the marginal reiurss @ noae, end
does nol consirain increases n any componeni of x. Let x*() denote the profi-
maximizing choics® as a function of the parameles value Sand let £ (8, ) de-
note the value of x; that maximizes f(-, x_;, @), (hal is, the oplimal value of

b Whenever we refer w “the opiimum® in an optimization prohlem, the problems of
existence and multiplicity of aptima exite, [mplicd in our discussion are the back-
growx assumplions of aotinully of & and compactness of die constrammt S, xo thal
existence &5 assured. When fhere ere mufiiple optima, then, for specilieity, we
glweys focos on [he largest me although the smallest would do equally well. Tn
iXis paragraph, we xpply fhis bath tox*(:) and to X ().
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x; when it is the oaly choite variable to bz changed, with all he ather choice
variables held fined, This provides a mode) of change in which each menager
moves without fareczsting any change on the part of fhe ofbers, Suppose that
befare any change occurs, the environmeni is 8y and (hal, efterwards, it
changes ta 84 > 0 5. Suppose ihat at time zero, the fim's decisions are opti-
mally afapted 1o its begianing envirsament, so that £{0)=x*(8g). IT the
managers respead independently of one anather, assuming i the ofhers” pasl
choices will not change =ny €arther, then dheir periodic chaices will be
x()=R(x(1 —1).0,).

THEOREM 1. #*(05) S x(1) S X(2) < .. S x%(8 ).

This simple but imporians heorem assers three things. First, the chenge in

the optimum will nvelve increases in all the components of the complementary
vector of decirion varizbles.) Mathematically, (hat is e cancluxioa (has
x*{8y) <x*(0 ). This facd allows & planner who lacke detailed imowledge of
the payolE fusction, = bul does know that it is supermodular forecast the
direction of opfimal change end to use that lmowizdge t goide the firm's degi-
sions. Second, when mansgess edapt infividually wiffioul Enticipaling changes
o the parts of other managers, dve adjustments they make, while generzlly in
the xight direction, tend to be wo small? The consponding mathematical
stalement iy thal fo pll 1, x*(0g) S x() <x*(8,). This clearly indicaes 4
value Lo coordmallon of Fmdamental change. Third, in & system of comple-
ments, change s 0 acquie momentum of its own over Gme:
o)) €x(2) <...7 The paltem of changes may coatinue undl the cholces con-
Verge W e new oplimam (28 sypically occurs if ®is smooth and ooncava) or it
may Bl short, kul a patiern of omtinuing changs in & recapnizable direction
dges emerge, Afl of these conclusions take the form of weak megnaliics,

To illusirate the theorem, consider dgain the mbulaed 21 x 2 example and
suppose that the relevant change is that the parsmeter rincrezses from Bclow
L0 (say 8) tm above (0 (say 12). T that vase, the optimal policy (xg, x3) in-
creases (rom (0, 0) ta (1, 1), consistent with the ficst conclusion of the theorem.
However, e managers, assuming that they each act independently and regacd
their colleague's sisategy as fined, would make no adjuxtment a1 all, consiglent
with Ibc sezond canclusion (hat the managers® adjustments are oo small, The
third conclosion Ralds in this case a5 a weak ineguality: (he choices remain
constenl fram period (o poriod. If, in addion, the parameter change changed

7 This it a version of a cless of manezonicity Lhecrems firsl deve] Topki
{¥978). SeeMilgrom and Roberis (1994h), R opk

'{I']Ig;q;;nian of the LeChatelier Prinsiple is groven in Milgrom and Roberx

See Milgrom e1 al, (1991) for nproof of momentam.
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the B in Me table ta 1 (which is consistent wilth complementarity), then the se-
quence of (x,, 4 ) choices wauld be x(0) = (0, 0}, x(I) = {0, 1), and x{f} = (L, 1)
for 122, In thal case, there would be actual momeniura for Lwo perods, and
the decision would eveniaally coincide with the optimal ane.

A central coordinator might play a consiructive role in (hds problem, either
By hreaking a lagjam to aliow lhe system Lo move from the poinl where il is
stuck, or by speedicg the pace of change, allowing e system to adapl more
guickdy.

The complementerity sructurs, when it is koown fa b2 present, can also be
expluiled o simplify the search for beter alternatives. In general, when faced
with a compler riultidimensional problem, a decizion meker might be expeczzd
{o try to eimplify the problem by redncing the number of options to sludy & few
leading allemalives, Complementarity structure can help achieve that reduc-
Lion, a5 the next thearem illuswates.

TeHEOREM 2. Lel &= § — R be a supenmodular fimetion and § a sablatiice and
fet x be an arbileary point in §. )€ there is any poinf yES such that #(y) > m(x),
then there &5 same poinl 2E€S satisfying either 22 x or 1< x such that r(a) -

2(x) 2 Yi{rely) - ma)].

To undemland the imglications of this thearem, |0 suppose a decision moker
is strdying a problem with ten varfables 2=(z;,..., 7,5) , cach of which is con-
strained by x; -1z, <x; +), where x is the azganization’s initfal position,
Suppese the coasdinator restricts his attention just to chenges thal involve in-
creaging all the variables (r 2 x) ar decreasing 21 the variables (25 x). Whal
would be gained and whm wauld be lost by such aresiriction? A slmple calcu-
lation shows what is gaied: limiting the search o jusi coberent plans reduces
the mimber of ihants \bat need to be studied [rom 2 o just 2, reducing the
volume of the search reglon by a factor of more \han $00. The cost, of cowrse,
is that since (he initia pafni x was asbitrary, the optimum may pot Mg in 2 re-
stricted region. Yet, accarding 1o the thegrem, the improvement in peyof¥ that
can bie found in the restricted wegion is as feas? half of what coull be found by
searching the entive se1 of possible aptions. The 50-percent bound scwally ep-
resents a waorsl case scenario in which the complementarilics ars minimal ang
the ipitial point iy a pecalierly untocky one!) If the complementasitics ace
strong or {f the initisl paint is nor chosen so adversely, then the peofit im-

10 A proof is given in Milgrom and Roberis (19944),

'1 Indeed, whenever the guin is ealy 50 percent, one can dediscs the global optimum
frem the information contained in Lic local search. Lei £ and 7, represent the bext
poinis in the orfhanls 2 <o xnd 1 2 x. Then the globsl optimum is 1 = 7, + gy —x.
In general, one can we the complemeatarity structore ta guids an efficient search
of &ll the crthests, Alang ths path Fallowed in this search, the firm's profit con-
verges quickly end monolonically up to the global maximum,
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provement to be foand among coherent plans will be conesponidingly larges.
One way o inleprel this (heorem és as ssserting that the complementarity
fuuglure gives lhe decisinn maker lois of information dbous the fomn of a
‘good” (bt nol necessarily oplimal) decision and allows her b focus attention
on Uit limited ses whife siill enjoying at feast haif of the refmms that woold Te-
sult from a cemplete scarch.

d, Complementerity avd Fundamental Change

The problom of strategic and organizational choice faced by real firms iz highly
muliidimeastonal and noncanvex, and there are numerous interacong Emong
the choice varizbles et might nocmally be assigned to different mansgers. The
nrotilem is thus suffisiently complex thal one might despair of being 8ble
analyze it fraitfully, Yed if the interactions are complementagiy relations, there
is much 10 be said, in particalar on e issues of partial adjostment end funds-
memsl change,

Consider again the examyple, from the Introduction, of modem, lean-and-
(lexible mannfacluring versus mass production. Bach of these can be inter-
Prelfd 35 polential solutions in the organizationa) design pro%ifem, This problem
is cenainly no) convex (for enample, there are economies of scale ininventery
systems which favor extremal sofutions). Ae we have argued elsewher
{Milgrom and Roberts, 1988, 1990a, 1992, 19943), it is frowever a problem
mlarlmi by widespread complementarity that direcily or indrecily links 4l the
dimensions of chioice in Table L, In this conteaf, we imlerpret each pattern sa
repicsenialive of bath a local optimum and a feam cquilibrium of the design
problem, This means several things.

Firs3, each paitern is cohereat: Changing only some variabfes while leaving
athers at their ofd values cannot be expected give an acrarale indication,
cven 25 to sign, of the change in performance that would result fom full
Medged adoption of the altemative model. This means, in Lo, thal changes
necd 10 be coordingted, moltidinensional, ead large, or at Toasy that the nega-
live rezults from panial changes should noi be allowed w1 deler firther change,
ll_a.lso means that half-way messures—pantial adjosiments in e right geaeral
dirccion—are likely to yield warse resafls than staying 21 the original position.
These features underfe the General Muolors’ sinry of (e 1980s: GM invoated
some $8D biltion during (he decade in zdvanced eobobcs and other fexibie
(:“dlplli!l equipment (several imes the markel value of Toyoia ai the lime), buy
fiiled to make the other changes that were necessary to adopi the new model,
Tie result was an snnualized compourd rate of cetum of only 4,0 percent ftam
funuary 1985 throngh December 1891, tens of billions in losses in thez (irst third
uf the 1990g, and the firing of the CEQ in a revoll by the board,
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Szcond, any change in the environment of the fiem thél favors shilling ang of
the variebles from (he curtent model towerds the other in fact Bvors shifting all
of them (thearem 1), Thus, for example, a fafl in the costof Aexthle machfnery
{such as programmable robais for welding) Favory a shift owands the modem
model om all dimenafons, kocause all are directly or indirecily linked lo Lbe
Rexibility of machinery, Siorifarly, factors easing commaniceiion with cus-
lomers and independent supplices favar wholtsale adeplion of e new model.
Yei the presamed fact thel ezch model i3 coterent and locally opimal means,

* 1oo, [hat there is valug fo being able 1o adapi Jocelly to such changes if they eve

T safficicnd to tin the balance between Ihe Iwo alternatives, (We will relum to
this issne helow.)

Third, there is a form of fncreasing refums to fow-dimensional, panial ad-
josiment= from one model o the other, As each successiva group of decision
varighles is moved towzards ths valoes corresponding fo the other model, the
Fayofl (o adjusting the others increazes. While (s means thai adjusiments gat
casier over time, il alto means that the firat vieps can be panticolexty painfid,
This in tum gives rise 1o 2 noed for Teadership if a fundamental changs is fo be
carred aut in mose tzn one step. The leader's role is ta enuneiate the ouwlines
of ke new moded and 10 keep the sysiem maoving forward in the face of the
worsened pexformance Lhat resolitz from the initial gardial adjustments,

Combining 1bese points yiefds the conclusing that (here i8 a strong need for
glotml informatina, because focal informalion or infommation based enly on
Isw~dimensional experiments will no1 reveal whether a cotnpletely different
model would be beller, The negded information includes the st of relevant di-
mensions for change 20d some indication of the nature ol the alizmnative con-
figuraton, Theorem 2 supgesis thal assembling this lalier infommation need not
e as daunling 8 tzsk 25 mipht appear, but the former may be sigmificant. Many
of 1be failyres of American finny adopting Japanese methods wexe really Fail-
ures to ynderatand which complementary changes needed (o be considered.

e Other Faciors Favoring Coordinated Plaruing of Fundamentsl
Change

The elements described above ars basic 1o any explanation of why coortinated
change on scveral dimensions might lead o betler outcomes than completely
deceatralized decision meking. Several other elements, however, play impor-
Lant suppoating roles. One guch element is the need for irreversible investments
lo implcment & new plan, When investmenis arc irrevegsifite, expedmentation
is costly and it becomes move importanL to get the plan right the firsl time. Hill
climbing may gel one eventoeily w the lop, but with ineversible cosis of mov-
ing, il may be 2z imporiant to gel wherevar one is going in the mozt direct way
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as iL is lo ged 1o the cight place. Withous inleractiong among lhe fixm's deci-
sions, these trevessibilities woald nol be a reason for coordinated decision
meking. With such interactions, however, imeversibilities increase the benefits
[rom joint plamming. '

A variation on this theme is associatod with leaming-by-doing. Many of the
processes used in business are improved and refined in uapredictable ways as
expericnce accurmulates. This makes it bard o evaluzie aceurarely the success
of a new process tried o a small scale or for a short fime. When feaming-by-
doing is imponent, the direction of change wmust then be Frcided befoce proc-
esged can be refined. By the time the acuml process peaformance hss been
learned, 1 large fvestment of time end resources in the process will have been
made. Still, Tearning-by-doing is nod itself a reason far coordinated plamning; i
does nol necessarily comil any elemseats of interdependence &Moag mENagers.
Ui does, however, eowmil a significant kind of imeversible invesiment ard 5o it
amplifies the impartasce of planning wien theze are inlerdependenies.

A third fector srises when the imeraciion tzKes the form of krawledge or
compelencies developed in e line of fusiness i will be seful in other
lines. ¥o thal cas¢, (he fmre beneficiaries of the knowledge acquisiion may
ol even be preser when the decision is béing taken and ths head office may
bear the respansibitity for representing those inferests.

This section has facused on the beoefils of central coordination whife seiting
aside the issuc of incentives to coaperale in change, The incentive quastinn is
the next one to which we tum our altention.

J.  Resistance to Change

We now move beyond Lhe team assurmpdion 10 consider how diffesing interests
among organizalional membets affect the analysis. Resistance to change in or-
ganizations mast offen omes from individuals who fear that change may bring
losses 1o the organization &nd, more panicularly, to tiemselves, Only (he first
of these is an issne under the leam assumption, buy the larter is cmcially impor-
1and T real companies. Change frequently creates winners and losers, although
the extent of thiy and of he consequent opposition [o change can be contralled,
because thase things depend an many of the details of pay, job security, and the
decision processes in arganizations.

Why musi there be winness and losess from change? Why eannot parties
simply bargain elficiently and distribute the gains so that everyone benehis
whr_.n efficiency is cohaoced? In the ondinary courss of doing business, even
optimal camplete contracting implies hay, excepl in very special circum-
stances, there are good and bad jobs in the firm, with rents or guasi renls azcru-
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ing to thoesz in the good jobs {Milgrom, (988), Pay stickiness ascocialed with
bounded ralionality of masagement can he an additional reasom thal pay does
nol always compensaie [or differences in job suribotes, We use (he lerm renty
Lo refer Lo the net Benefits that Gz employeas enjoy in thelr cumrent fob Hu) (hat
(key could nox expect fo duplicale in another jab if they were to quit.! The
fight 1o hang onto these renis by affecting the fiom’s decisions is whay we have
called “infleence sctivites,” and the resources wasted in the pracess are
“influence costs” (Milgrom and Roberts, 19%06). Wa constder soms of the
saurces of suce cosis in this section and their fmpact an the iszee of ongoing
adjusiment apd fundamesial chenge.

R Tolersal Properiy Bights and Chatge

Wilhin the finn, propesy rights play a dual role, On one hand, secure property
righiz can be an impediment to change, becsuse they give Lheir owners a velo.
On the other, protecting worker's renls can ke helpful in enlising their
cooperation with proposed changes, Simaarly, if jobs are secure, then pay pafi-
gies thal promots equily and a commitment (o sharing gains with warkers en-
coureges employee coopemtion with change (Milgrem and Roberis, 1950h).

Ag a concrele enaomple, consider the probitem of entisting mann{aciuring em-
ployees couperalion In increasing efficicncy in [actnrdes. This is a oentrat ele-
mend in Jepancse management sysiems, where produciion warkeds are frained
to scek improvement in work methods they redoce cosis, inciease quafity, and
ease their jobs, are kepl informed abom bollenecks, quality, and the difficulty
of dilferent jobs, and are rewarded for seeking iraprovement. This kaizen form
of continuous adjustment is regarded ng a key element in adjusting Lo changing
oondifions es well 8 in secking performance improvemedls in 8 given tonteal.
Employee invaivement erd empewerment pragrams, quality circles, and Toial
Cmality Management are some of the ways 1his has been adapied in Westem
fimms,

Many faclors are needed to make soch programs work (s2e below). Perhaps
the most imponant, however, i8 (hal employees nol fear that any efficiency im-
provements they gencrate will reqult in reduced employment for themeglves of
their colleagues. Otheswise, the desire to protect jebelated tenls will aver-
power whiatcver incentves are provided for generating changes. The Japanese
system of permansn! employmenl gchieves Lhis job secorily as 8 malter of
course, and Westemn firms have faond that to enlist employee involvement ihey

12 Ta bz precisc, these shauld seiuafly be called quas reats, bul thal teminalogy it
awloward,
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bave tiad to make explicil promises ihat employee-geacral i i
will no1be a basis for ln','ol'fgfo P A
. Bven without layeils, there may be resisience if there ia a change from gond
ipﬁh! to bad ones. Pay equily and job rotation can be used to stlenuate that peot-

S

The exempls of job sectmily also illustrates the tension that exivis between
the roles of property rights in promoting and blocking change, The permanenl
erployment guaranties thal are crucial For the effectiveness of kajzen and re-
lated praciices can prevent large-scale adjustments Gat waald fequie redwing
employment or radically changing the mix of employes skills, The olker Japa-
nese practices of consensus decizion making mxd boflom-up policy farmation
have ihe same opposing effects, easing ihe implementaticn of froquent, small
adju?iments by cnsuring that everyone shares the relevent information, but
u!n}uag adoplion of a radical palicy change fhal threatsns individuals’ rents
highly problematic, Japanese firms are wregtling with thess contradictions HOW,
ay Ihc-{!m:‘»mrcs of the continwing recession there make il increasingly dilfieult
(o marptain employment fevels. Mzanwhile, JAM, which had an explicit mo-
tayolls palicy and a high degree of involvement in decision making through a
tomplen system (at was megnl o ensore (hal different unily® intecests wese
waighed. found these policies to be ‘an injurmpunizble barrier to a fundamerntal
mlnmmjng and had |o jenison them. A recent example illustrating what hap-
pens during downsizing when suthority is decentratized comes from Digital
Equipment Corporaton. Senior management wanted 1o reduce fhe number of
middle menagess in sales. The company's standard procedure wag, however, to
delegate staffing and personne! decisions to middle mansgement. This prece-
den| was misizkenly followed i this case as well, Reluctant 1o fay off theic

f;g;n;;diaw colleagues, the managees cul the feld sales #faff instesd (Wilke,

b. Influence Costs

[nﬂucr!m Beiivities are activities aimed at changing organizational decisions to
allow interested panies 1o caplure Giganizalicnal renls; we have seen several
examples of such activittes already, These activities are the organization theory
unalog of the "rent seeking activities” in public secior economics, ! The costs
associaled with influence activities are called influence costr.

An?mding to the theory of influence eclivities, there arc two main ways (hat
organizations can eontrol influence costs, Ore i3 by struclusing decislon mak-

 I—— . _ o
y of the major papers in thai litsralure are reprinted in Buchepan
along with 2 summary statement by Buchenan of ife theory, et al, {1980),
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iag 1o kimit influence opporiunities when (e gains fo ackive involvement in de-
cision making are slight. Crealing property rights—for example, the wighl of
one division to make certain decisions wiltoul vihers being able to imcrvene,
or the right for a divizion to veto changes proposed by a second division that
adversely affect the first (Milgrom end Boberts, 1990b)—is a commaon end ef-
fective way o limil influence aclivities, but thero are many others. For exam-
ple, salary decisions thal have obvieus distsibutionsl consequences may be
mad only once per yrar or at the time of A promotion, in order (o Timil the
fime Epent in costly meneuvening over pay levels. Also, the salary seiting proc-
ess itsell may be highty struciumed in order 4o Jimis the amonm of Ume end
creative enangy that workers can effectively devore to reising their salaries.

The second way to reduce influence comtd is by adopling policies thal reduce
e rents for which the parties may contend. For example, to the exteal that
there pre good and bad mansgement jobs associzied wilth different business
units, a policy of mlating mansgsrs ecross business unils redores renl differen-
tials, fLhas the added advantage of making managers more willmg (0 climinale
#lack in their units, since they gel credit for the gavings withomn baving to incier
the eatra pressures of operaling with reduced slack in the indefinite future.
Maoreover, with frequenl job rotalion, 2 mangger's career, appartunities within a
finm are more nearly tied (o the firm's success, aligning (he manages’s interests
with these of her employed.

Limiting influance cosis is particularly impartant in declining erganizations,
Indeed, €re desire to Kmit these oosts has been offered as an explanation of the
paltems of Gvedtiture of poorly declining wnits of companies (Meyer el al.,
1992). Iniluence activities have been identified by managers as ons of the lead-
ing cosls of atlempts al downsizing. M

Here is a stmple model thel capiures somo of there effects and highlights the
assumptions inderpinming the analyss, The varables in the model are r—Ile
cfiors devated Lo infloence by the managec e, the efforts devaled to reducing
wasiz or “Elack” in the business unit; s{e), the [evel of slack in the onil,
R{s(e), @), the renls per period enjoyed by ibe wnit manages; TU, ), the sver-
age dme in the fob 1mtil the manager ig ransferred and (he rents are lost; Be),
live bonus received by the manager either in thal form or indirectly for effods
devoled 1o reducing stack; and Cfe, i), ihe private cost incurred by the manager

on accotnd of his elfors. The other two symbols, @ and §, ave pasameters thal
we will use to analyze the effects of various instmuments that might be used.

| For exemple, Wyatl company consuliant Iohn Parking asserts that “poeple bezame

m&d with layoffs. People epend more time wn intemal politics, They
less produstive” (a3 quoted in Byrme, 1994, p. 69).
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- Our mede! is not a fll-Mladged principal-agent moedel, We make no assump-
Lions abaut the employer's objectives ar what the cmployer knows and we do
Vol try to aplimize the contracl, Rather, we want (o show how the instrumens
represented by @ end A aight affect the Hgent's bebavior regardless of whay (he
employer might want or know. Thus, we foeas on Lhe manager's optimizatipn
problemn, which i

Max Riste), o)T(i, ) + Ble) ~ Cle, ).

We make seversl assumplions, Far convenience, we tabe the functions (o he
differeatiabe, bt nothing in this analysis actually depends oa thet, We make
ue use of convexity or Grsi-order condittons, 0 the variables coutd jusi a8 eas

ily be discrete. With this ischnical Bssumpiion Ay beekground, the omher gs-
sumptions ace: ’

(AT)  Renis ere anincreasing fanetion of slack: >0

(A2)  Sieck iu a docreasing funcrion of effonis at slack reduction: ¥ <0,

(A7) Tob cenmeis an increasing functiow of influence elforty: T: > 0.

(A4)  Talfuence and stack ceduction efforts ane cost-substilutes for fie man-
ager: C; >0, ;

Ass!:mpﬁm (AY) i justified oq the grounds lkay when a unil has greates
slack, it affords i1s AENAgET Mote gpposiunitics in a whole variety of wayz. She
can ese the slzck o ewad Favored cmplayees, 10 ceduce the siraing and pres-
sures on hegsell, to indulfge in pet projecis, and sa on, Assumpiions (AZ) and
(A3) chasaeserize the iwa kinds of elores: slack reduction effort reduces slack;
and influence effoxts increase the emplayee’s lenure In the job, Rinally, as-
sumplion (A4} formalizes the idea that the manager Nas a fimited attention
tndpet to allocate 1o slack reduction and influcoce activities, and pezhaps olher
activities as well. This provides one importany reasam why influence efforts are
costty: they substitute for ather kinds of productive effors that the minager
might otherwise supply. For crample, if influence and slack reduction efforis
were perfecily subsiltatabls uses of (ha manager's time and atlention, we could
witle the cost of effed a8 Cle, 7} = K(e+1). Then, C;>0 amonnis tg ge
I'.ISS]UtI}]Hi;;l gm there are increastng marginal coses: K™ » ().

low anges in the policy eters « and 3 affecy tha !
havior? Led oe look firy at (he pnm a Pl T

THEOREM ], Suppose (hal essumiplions (A1){A4) hold, if B, <0 and
R, £Oeverywhere, then (he agenl’s aplimal choice, ¢*{a), (o), has Ihe
prapenty that e* (') is nondecreasing end i*(-) is RaDincreasing, ;

f’"‘?ﬁ With thr.s.e assampuons, il 33 straiphtforward 1o verily thal the agent's
objective funclion, regarded as a fimction of (e, -, @) is supermodular, One
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simply vesifies thal the objective, whith we may wrile as g, i, @), satisfies
84 €0, ¢, 20,2nd gy, <0. The conclusion then foflows from theorem L

Tius, policies that refuce rents in the job, R, <0, or that atteniate the rela-
lionship belween rents and slack, K, <0, bothiend 10 reduce inflaence activi-
ties and increase e presumably desirable offors at slack reduction. Reducing
renfs reduces the direel relurns to influence and encourages the worker (o de-
vate more lime o the subsiilule sctivity of cuiting sfack. Simitarly, reducing
the relalionship between glack reduction and personal rents encourages muore
effort at stack reduction and diveris efforts away from wipredoclve inflnence
aclivities.

THEOREM 4. Suppose (hal assomplions (A1)(Ad) held. Then If Ty <D and
Tp <0 everywhere, then the agent’s optimal choice, e¥(f), (%), has (he
propeciy that e%() is rondecreasing and #{) &s nonincreasing.

Prosf. The proof is much the same as for theorem 3. One simply verifies that
the objective, whith we may wiile as gle, i, ff), safisfies 850,
&ep 20, 3nd gip 0. That verifies that the cbjective is supermodular and the
conclusion then follows feom Bearem I,

According Io theucem 4, reducing die time the manager will spend in this job
befare being rotated (o anotler or reducing the dependence of that time on sub-
jestive [actars will reduce influence activities and increase effors devated 1o
modictive perlormance such as eliminating sYack, The idea is 0nf a manages
who anticipates spending a shorter period of time in a panicular Managemen(
assignmeat has a smaller stake in firotecting the rents in that Job, leading 1o a
substilution in favar of ather kinds of effons. And, reducing tie dependence of
job assignmenis on subjective [aciors diminishes the payoff t influcace aciivi-
tes, again leading to (he elfort subsktulion just described. Palicies 10 imple-
men{ these changes are easy (o find. For examylz, a company might reduce the
dependence of job tenure on sbjective faclors by having a [ixed schedale for
job moiations,

Another main device to contro) inflgence activilics within the fifm is com-
pensation policy. Pay equity within groups of workess or Maagers serves (o
encourage employees 10 cooperale with each other in promoiing thange
(Milgrom end Roberts, 1990b). Large pay differentials baged on comparative
pesformance evaloation can have the reverse effiect, leading to costly sabotage
ameng competing woekers (Lezear, 1989). Elimination of rents in an Crgantza-
lion cen be even mare important than thia analysis supgests, because (he agents
with the greatest renls are also often the most palitically astute and powerlal
managers.

Affecting the speed of implementation is anctficr way to reduce influence
costs, The pesiod from the inilial ennouncement of a decision to change until
the change has aciually been implemented and become irevessible is one dur-
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ing which internal politics will be mo intense and other productve ackivitles
. will be neglocied, Making (hat period short reduces the casts born during the
trznsition, '

4. Conclusion

Taken togeiher, our anslyses of whe demands of conrdination and incenlves in

implementing change suggest some hard choices for firms facing Gurdamental
change. On the one hand, sysiemic chenges must be centrafized o a consider-
able degree, m least in the guiding vision, B the benefits af such changes will
h?l;ard (o capiure and sustain witioul the commitment and coaperation of in-
dividfurals lawer in {be hierarchy. For withou their efforts st refining the new
sysicm and their cammitmeny to make it waek, there is litde chance of long-
[etm success, :
As we have paen, these demands are ot ahvays in conflic. A com
be aﬁ_!e la adopl policies thal Facilitaie some kinds of change, By pmﬁn;;ﬂ
secuiy, rolalimg employess o meaximize emplayee breadth and mintmize en-
lmnclzed._tenls. and emphasizing equily in its pay policies, a comgany can en-
cnu{agc its emplayees (o cooperate with change. Yet the VEIY nead ta provide
vquily and job securly can Hlock other kinds of change, Downsizing, espe-
milg. necessarily eliminaiey jabs el rents and indermines tha confidence of
remaining cmployees in the security of their joba. It is vinually impossiblz 1o
engage in dewnsizing withiom daing long-term damage to employee eelations.
Other kinds of change may involve different difemmas. [f the change is cae
d{ss_a!vi:xg cealral autharity and moving o a more decentralized shuctore Car
dcﬂ§m!15 andducli:m, as i funmesly commumist countriss, and if the set of eco-
nomic nslitations in & sysiem has design aitvibutes (as mosi complex system
do?. then m_ahllshing effeclive and compatible new(aismﬁmﬁuns tfm! pricﬂce:
quickly vequives cealrslized guidance. Yer central puidance destroys the paint
of the change. The intornal contradictions of such trangitions make the pain of
change unavoidable,
jmere 19 N0 universsl malysis of the problem of clanging ecaromic owgani-
zalions and Sysiems. Bul our anslysis suggesis that a single sel of principles,
prominently involving an analysis of the design and nnovatgon Alibuies assg-
ciated with the change, the mltiple complementary decizions fnvolved, and the

prospects for controlling of ifluence costs, pravide a good slarling point for
such analysss.
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Comments on Paul Mitgrom and John Reberts,
“‘Contiruous Adjusiment and Fundamental Change in
Business Stratepy and Organization”-

Ofiver E, Williamsan

Jon Rister, I think, got it right when b= advised (st “enplanations in the sacial
sciences should be erganized areund (partial) mechanisnis rather than {(general)
iheories” (1994, p, 75), Thai would be more consistent wilh the proposed tille
"Petial Adjustmens or Pundamental Chenge . . 2* then the "Contimnous Ad-
justmen and Fundamental Change . . .~ title thal Panl Milgrom and John
Raberts have chosen (ot their paper. Be thal as it may, this paper ussfully en-
tends the ambitions research progrem thay the two of fiem bave undesaken,
muxh afit reflected in their recent book en Economics, Organizaiion and Mas-
aganer] (1992),

My ocomments deal successively with (I) describing: organizations gs gyi)-
dromes of related charecienistive, (2) the meed for empirical rexeanch, (3) the

importance of influence cosis, and (4) the matter of "how fundamemal” ia fun-
damontal.

1. Syndromes

Most good ideas have very fong histarics, The ides of e firm 2s an intemally
comsisient set of aitributes thal differs in discrets struciural ways from other or-
ganizational altematives is no exception, Recenl interest in this condiion (and
in the development of its comparative institutional importance) has neverthe-
less moved the idea of the “firm as a sysicm of atiributes™ well bayond our car-
ler understanding of this condition, -
Relevan contributinns include: Chaadler (1962) on the transfomation of the
moder cosporalion from a unitary (o a multidivisional form;! Simon, oa the
clustering ol activities within organizations agcoriling 10 principles of near-de-
compasabilily (Simon, (962) and his Later exdorsement of diserete structuzal (as
againsi maxginal) amlysis of comparative economic organization (Simon,
(978); Macneil (1974), who distinguishes classical and relational modes of con-

! Thess organization-fom differencey are interpreted in Willj amss (1970),
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