ly|a@ MaN  uopuoT  SIITH Al1aAag
SNOILYDITENd 3DVS

SM3IATH TYNNNY SHIVAdY NVEHN ‘82 swn|oA

_s8bi

STIALSV) TAONVIN

£Aq paurpo

ALAIDOS ANV
"HDVdS
XD0TONHIHAL
HODIH

FOUNIG [PINOF pUp sHwouoxq fo jooyss uopuo7 ‘I 148 Q' ('d
Ansssarupy ouoipul ‘WOULSO YONITH

A onxapy “TVAAD ‘VATY-VHIIN OAQdvVNAdd
PIUDAJASULS fO Ansaatr) ‘NOSHFATIW NILIVIN

PLASIN ‘Hopogl “UENNADOIVIAL T NIV

DIUDi Y JOAIN0) ASPISICL 40f 4013y ‘ONTIOT D WVYITTIM
A1s42a1U0) YSPUOW ‘NVDHOT'T W

puuatg fo Ansizarur) “YIOYIINTLHOTT HLAGV ST
dnsavarup) 04yo] ‘VANWOSI THOHA

o8pony) jo Ausisan “LSANHODIAVH [ LIH40Y
pupSug Suippay fo Lsiastur) “T1VH 41149d

oraofip)y fo a3aj10) s, 40py 1§ 'SSOUD W WY HLEHH
DINNDMIIY -~ UISUOIST A Jo Ansavar) YIIAO LLODS
Anssaatu) paofx( ‘NNVIWILOD NVAT

Ansaaauy) 201§ onaupp ap oty 1OSSIVA OVIKAIYAdS
Ansipanun) surydogy suyor ‘NYIWIIAA "M NHOI
Ansaaaiury paofxe) 3331107 431530404 ‘SHOIYY VSV
Ansadastip} uoyapy-aaauin) X 4499 1T NVIIH

ANSaaatur) wiisaMyioN “YANDA9 S CUVMOH

Zna7y pruns ‘pruscfiiny fo dnsiaan) ‘(PHOITVY 8 LIIHOY

TUVOd ANOSIAQY TVIHOLIAA TYNOLLYNHILNI




-uedio 1oyl ‘A[SNOIAGO 1SOW--SIISNPUL JO $91B] 9Y) 0} AN[RUOWIO0)
PUa] $1015%] [RI00S PUR [EOTUYII] UIRLIID DSIN0OI J() "SIOUIIIJIP 2$9Y1
juawdne su01ov) [eo1fojouydajuoN Judwdoraaap jo syied yuaraymp
UMOP WY $IAS PUB SPOW JUAIDP UI saLsnpul s1se0 AJojouyday

NOLLONAOAL JO AWOLVNY dHL ANV ADOTONHIAL

YIM0IF [RUOIZal PUR UOTIBAOUUI pUE ‘UOTIRIO[3I pUE
afueyo [ro1uys3) ‘uonriawo[dFe pue safeyuiy jeneds LJoqe| Jo UOISIAIP
eneds ay3 jo swisy ur ‘susaned yuswdofaaap [euoidas pue Ansnpur
Jo uonedo| a1 W saneradw [edTUYI) 3Y) JO S[APOW DNISTUTIINDD
anbnuos 03 Yiwmoid pure Ansnpus jo Fuunonns [oruysa nogqe syJisul
I53Y) $ISN UONDIS PIIY) Y], "YIMOITF JO SWYIAYL 11aY) pUE SaLIsNpuI
Jo syed [eyuswidoraaap ay)y ysindunsip rayguing Aay) moy pue adureyo
[eOIUY29) Jo straned 341 12 $Y00| Led puoedas ay ], "SUOISUIWIP [BI2AIS
asay) Fuote $3NSNPUI Jo A110h19ads dYI/UT UOISSNISIP AY) JO 181
aY) 10§ I0MPUNOIF v SAR| 1] 10GR| JO UDISTATP puw “adeyur| *ssasod
“onpoad tuonanpoid jo suoisuawip (rdorfojouysal 1noy 1w Juryoo]
A[[RUONIDS-$S0ID Ansnpul s10ass1p 191deyd s1y) Jo yred 1say ay

(S861 I[P TeT861 TRARS 16L6]
‘suappiny ) readde Avwr anyonns [r100s Jo spuoq ay1 143 Moy sanew
OU 2210 dNSIUIWLIAIIP 1DYI0 AUV 10 AZ0|OUYDd) WOLJ JJO pral aq Avw
IDAJU SIMSAT YIIYM UL “WISAS uado ur A101S14 [RIDOS [[B 19PUAT S,
“0133nais pue 2510Yd Jo ‘Adudfr uvWNY pur S$AUSNOIISUOD uBWiny
JO UONUAAIDIUT ATESS309U 2Y) PAPPE 2Q 1SN SIY) O, "PRJ]0IIU0D
3Q U I3ABU (AIOIRIOQR[ © UT aYI[Uun) AJ0ISTY UT Yorym ‘saruadunuod
Fuiuaasoiur Jo Aupqissod s1tugum oY) URAIF ‘SAWOMNNO [BNIOV
pue sasned uAIapun usamiaq ded ayi spuayardwos ey 199y pue
ISNED JO MAA ISI[EII-[RINIONNAS B AQ paoe[dos 3q 1SN WSIUTWIDIAp
21021y [, "sj[eq paeliq Jo unayd0ou oyl Ay ‘sa010y [puosiaduun
JO SINSAT AT2W 10U 21V $2WOIINO [RILIOISIY ‘puonag quawdofaasp
feLsnpul jo asinod ay) sadeys uononpoud Jo sa210§ pur suone|al
Y UDIM]IQ—UOISUD) JaYIRI ‘10~—UOISI[]OD dY ] "SUONR[AI (SSB]D)
Joqel-rendeds puv (dannadwod) pnded-jepdeds Apemonaed ‘qimorsd
1stended pue Awouods sipeided ay) jo s1d0adse [puawepuny Ajenba
“ay1o Jsuredie 198 ag 1STW AF0]0UYIA | TUONRUTULIABP [ROIF0[0Udd)
JO SIUN| 2Y) WivLf 01 ATRSSDIU ST “SSIOYIDUON "UOIEIO] PUR JUAW
~dojaAap prInsnpul ur 1o1oey SULINIONIIS [BHUASS ur st AFojouyooy
Qa8 [ ‘AIRNUod 3y1 N SUONR[AT [RIDOS JO 2010) [BSNEIOUOW
ay) moqe aulp AsmxiIe,, aanemnd v Juigsnd ‘uouruiwiiaop
[2I1F0]0UYI) JO BIPI 3Y) JO I1STUOTRIUL U K¥ SIY) OP 10U 0P | "31Rqap

X4 AATYV AV AAVYHOTA

9TT

uardoyd sy fo s1fbap uo Sunuaiio)
JOJ 43d 0TS 1ODYINY PUD 4SO KWy YUDYL 01 2y PIHoM [ LON S.HOHINY

10 woor 1ayuny dn uado 01 13pIo u1 uonedo| pue AJojouysal Inoqe
SLIPI UOWTWOD JWOS UT SYIBID 3Y) 01UT 2Tpam v 2ALIP 01 YSim |
‘uoneuders udUIWWi 01 SUOIFAN [BLISNPUI 12P[O SWOOP
31940 190poad 3y} 1RYL 10 “UONDUNY AATIRAOUUL ITIY) JO SNEIA] YIMOIT
[220] 01 [RIONID a1v SI9IU3D ([RY ey ‘urded jruonesop anbun
2 2A1Y $ALNSNPUT Y221 YF1y 181 UONIOU AY1 SB YONS ‘31eqap ruoidal ay)
01U Aem 11941 PUNOJ dARY WISIUTULIIAP [RIIFIOUYIa] JO SPUIY SNOLIBA
1yl atoyarayl ‘Juistiding 10u s111 "ungaq Afuo sey ssasoad siy | (£86!
IYOS[RIA 998 'MIIAAL B 10J) IM0I3 1wouond jo Suruianed jeneds
ay) ur AJojouyoal Jo 10afgns ayl olur A|snowas Juryoo] are s1aydeifoad
Sruwou0da vyl Asoinfes st ‘ssardoud ur Ajqruonsanbun aie sipys
{ruoidar pur £3Furyd [ROIFOjOUYID) [RIURISQNS Sy "ssaudAnadwod
ruoneu pue juawdoaAsap [pucidar jo wopdury o1dew 3yl 01 A9y aq) v
aqnd Y1 Aq pamara ag 01 awod sey AFojouyda) ‘aIymMurap $9[24AD
8SoUISNQ puE YIMmoad d1Uouod?d Jo 12a0w dwd ayy se uoneaouul
[RIIUYDDT INOGR STIPT $,1319dUINYd§ Ul 1SAUINUT JO [BATADL B (1M
pajie1aA0p sey Sy g, ATo[ouyoay 0y ‘asuay) ‘pur uondnposd Jo uieal
aY) 01 93URYDXI JO W[RAI Y] WOIJ PAIYS SBY JSAIINUT ‘K102 UOIIRIO]
ul Auouwafoy [B2ISSR[D00U JO NMOANMVYIIY dHL HLIAM O

HANTVM 'V GAVHOII

uonedIO] PUR YIMoIn) [ernsapuy
JWSTUTUIIAI(] PUR UORUTULII(] [edNSo[ouyday,

Il




228 HIGH TECHNOLOGY, SPACE, AND SOCIETY

ization under the rules of a capitalist mode of production. But that does
not justify the reductionist view of technique as the outcome of either
price ratios (neoclassical theory)’ or class struggle (labor control
theory). The physical character of the technological problem of
transforming nature to a usable form has an irreducible effect on the
shape of production. I consider four aspects of technology here:
product, process, division of labor, and linkages among products and
processes.’

THE PRODUCT AND ITS USES

Conventional economics focuses on one side of commodities,
exchange value. By the trick of marginal substitution all differences of
use-value are erased at the moment of consumer choice. But the
physical, technical shape of use-values matters. The uses of the
bicycle and the banana cannot be interchanged. Neither are the
bicycle and the automobile adequate substitutes, nor the trolley and
the motorcar. The physical character of each makes for a distinct
experience of movement, to which people are not indifferent. Indeed,
the introduction of each opened up a4 whole new range of “needs”
among the public (Walker, 1981a). One may apply Rosenberg’s (1982)
term “learning by using” to this process. Products thus literally
embody use-value, rather than simply satisfying preexisting uses
dreamed up by the brain of the consumer.* Alas, the problem of
use-values in consumption has been little theorized (see, however,
Lebowitz, 1977/1978; Harvey, 1982; Gintis, 1972).

On the supply side, products as physical, technical entities do not
emerge from a void. They evolve from preexisting products and
processes, often as the unanticipated results of solving technical
problems in the functioning of the product, production of a product, or
the effort to meet an unsatisfied need. The transistor was meant to be
a better vacuum tube, not the precursor of the microprocessor. The
physical properties of products lend a particular thrust to the direction
of product evolution, regardless of economic and social forces.
“Market demand” is not an adequate explanation for the course of
technical development (Rosenberg, 1982: 193-245).

Thanks to the inherent properties of products, markets and
product evolution follow different paths for different industries, or
what Nelson and Winter (1977) call “natural trajectories.”

But technical determination bumps into the social practices of
consumption and production. Central to consumption is the relation
between the preexisting ideas and practices of consumers and the
changing use-values thrown onto the market. Industrialists engage in
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a war of maneuver with one another and the consuming public over
the very definition of wants, in order that their products might be the
ones chosen as best satisfying such desires (Ewen, 1976). The “sales
effort” 1s not mere ideological manipulation, however. Consumer
practice is shaped through the introduction, use, and promotion of
products.

Value and class relations enter into the calculus, as well, in that the
cost of products and the distribution of income limit what patterns of
use are feasible, whose needs may be filled. Demand must be
effecrive demand (Harvey, 1982).

The clearing of product markets rests on a balancing act in which
not only value and use-value but use and use-value must be
reconciled. The market achieves this end to a remarkable degree, but
only through considerable bending of prices, product modification,
and forcing of wants; periodically, it fails and the result is glut and
forced devaluation of commodity-capital. If products were butter to
be squeezed into new shapes at will, much of the problem could be
avoided; but they have technical rigidities in consumption and
production, the same as capital equipment (Harcourt, 1972). In short,
the ordinary product cycle view of product maturation and market
saturation (Burns, 1934; Kuznets, 1930; Vernon, 1960, 1966; Hirsch,
1967) must be replaced by a more supple one, less based on analogy with
natural aging.

The relation of products to industries must also be reconsidered.
Industries are taken as unproblematic in mosl economic and
geographic literature. A first-pass definition of industry is along the
lines of discrete outputs. Yet there is no commonly agreed on way of
handling joint products and multiple product lines. The Bureau of the
Census's Standard Industrial Codes (SICs) are based on rule of
thumb and cannot be strictly compared across any one level; in some
cases, a three-digit code well defines an industry, in others it is
necessary to go to the five- or even six-digit level (Shepherd, 1970:
104). In other words, some product groups clusler into broadly
defined industries, while in other cases important differences persist
to a high level of disaggregation. Indeed, some of the unevenness of
firm size and behavior within industries, which is commonly
attributed to organizational strategies, is actually based on the
production of slightly different products (e.g., customized versus
standardized microprocessors). Worse yet is the problem of technical
change in products: When is it sufficient to define a “new’ product
and/or a “‘new’ industry? This remains an open question on which
there is little theoretical guidance.
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will decide which is cheapest; what determines cost structures? And
it is not merely a cost issue, because labor militancy often provokes
capitalists to divide and scatter their workforces, and even to operate
redundant plants. Volumes have been written on industrial
organization, but we still do not have a theory about why integration
proceeds readily in certain industries, certain firms, but not in others
(Caves, 1980; Scherer, 1970: chap. 4).

As Rosenberg (1982: 76) notes, “it might be [that] technology ows
have radically reshaped industrial boundary lines, and that we still
talk of ‘interindustry’ flows because we are working with an
outmoded concept of an industry.” Hence, it is better to speak of
“production systems” in many cases, as noted above. But it can
matter substantially how circulation is organized: A production
system embraced by a single corporation is different from several firms
linked by the market; a subcontracting system, involving both big firm
domination and a special kind of marketing arrangement, is different
yet (Murray, 1983). Allen Scott calls this the problem of “integration-
disintegration” and focuses attention on economies of “scope”—as
distinguished from economies of scale-—in production (Scott, 1984;
compare NRPB, 1943). But the issue is far from adequately
understood.®

The problems introduced by the division of labor become even
more complex when we include the “indirect labor” components of
production systems, such as process engineering, product develop-
ment, repair, and management (Walker, 1985b). Some technological
structuring 1s discernible, such as the need for long-lived machinery
or consumer durables to be repaired or the role of R&D in industries
with rapid product proliferation, such as microelectronics. But the
economic side of choices about, say, whether to include accounting
within U.S. Steel or contract it out, or to commit resources 1o product
differentiation and advertising rather than real product innovation
through research, is substantial. A fourth-cut definition of industry
might turn on the amount of labor devoted to activities and
occupations of an indirect nature across product sectors; this is the
strategy chosen by Glasmeier (this volume) to define high tech
industry. But it, too, is beset with ambiguities, such as whether
technical workers are involved in product development, process
change, or marketing. A rather different classification, which cuts
across commodity sectors, has arisen to deal with the rise of indirect
labor in distincl workplaces, as when one speaks of “the office
industry.”
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THE PRODUCTION PROCESS

Having surveyed some ground often passed over in treatments of
technology in industry, we can now take up the production process
inside each workplace. All production involves human labor and, as
Marx (1967) argues, every labor process has two sides: the production
of use-values and the generation of value and surplus-value. The
latter is the raison d’etre of capitalism and production would not be
undertaken without it. Marx makes a powerful case for the
devastating effect of the search for surplus-value on the worker, as
well as for the way it drives capitalists to raise the productivity of
labor.

Marx’s analysis of the labor process still stands as the best
treatment of the subject. He does not make the mistake of equating
technology with machines, although he understands that *modern
industry” revolves around *“ machinofacture.” Instead, he treats three
aspects of the application of labor: cooperation, division of labor, and
mechanization. Technical change centers on the worker creatively
wielding a tool to transform materials into a useful product. They key
to the industrial revolution, therefore, is not steam power, but
successfully capturing the unigue capabilities of hunmian activity—the
hand, the eye, the creative mind—in the workings of the machinery.”
The preconditions for this achievement are cooperation (bringing
together many workers) and the detail division of labor (breaking
down complex processes into simpler ones and rationalizing them
according to mechanical principles). As Freeman et al. (1982: 70)
observe, the reorganization of production is as important as the
application of technique. The results of this process are, however, the
reduction of the former craftworker to a detail worker and ultimately
a machine-tender. The process of deskilling has been much in vogue
since the effort of Braverman to apply Marx’s analysis to the twentieth
century.’

Nonetheless, Marx’s treatment—or, at least, the common
anderstanding of it—needs to be amended in several ways. First,
while the tendency to deskill labor is a profound one that runs across
all labor processes, the effects of division of labor and mechanization
are not uniformly adverse to technical skill: They may lead to
reskilling through the command of more specialized tasks (including
whole new branches of labor, such as R& D) or the oversight of whole
machine systems (Storper, 1982).% And, of course, new products and
labor processes are constantly being created as the old evolve.

Second, one cannot look at production only as a labor process. Itis
also a materials-transformation process. The failure to distinguish
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employment.'* The intervention of class conflict and maneuver 1nto
process of technical change add a further element of uncertainty and
disjointedness to the flow of innovation, beyond that which comes
from purely technical considerations of the imperfect meshing of
technology and market.

Fourth, the course of process evolution, like that of product
development and the division of labor, is affected by (output) market
conditions. A product may lend itself physically to mass machine
production, but will not be so made if no market exists. For example,
U.S. semiconductor manufacturers have long held that shifting
market conditions, owing to rapid product innovation, do not justify
heavy investment in mechanized chip production. On the other hand,
falling unit price (value) may create a mass market where none existed
before, as has also happened in semiconductors. In fact, supply side
changes in technique {and other variables) are constantly altering the
cost structure of production, altering the shape of effective demand.
In short, demand does not just call forth supply; supply can also
generate its own demand. The dynamic interaction between the two is
the place to focus attention, instead of the fruitless quest for linear
cause and effect from one putatively independent variable to another
{(Rosenberg, 1982: 231-232).

Finally, I should touch once more on the troublesome problem of
defining industries. There is a wide range of technologies in use in every
industry. Some of the differences are due to mixing of different products
(overaggregation), some to the age of fixed capital (a vintage problem
along similar lines of development), some to the complex division of
labor in most sectors (mixing direct and indirect labor processes).
Nonetheless, firms within a single industry are able to set themselves on
different courses, some of which alter the course of the industry.
Averaging across such differences as if the development path of an
industry were a certainty, along which there are leaders and laggards,
hides the role of human agency in the process of technical change.

In sum, a multitude of possibilities emerge from the interaction
among technological (product, process, and division of labor),
use-value, value, and class relations. Therein lies the wellspring of
divergence between industries—and of the problems of industry
definition. Despite the technical sources of industry differences,
therefore, it will not do to call their paths of development “natural
trajectories,” for the social element looms so large in the history of
every industry, from worker resistance to consumer acceptance. It is
worse yet to jump from natural trajectories to organic analogies of
growth, as in the product cycle. The next section takes up the
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question of the technological impetus to industrial an<m_on:.a=.~ and
the effect of technology on the pattern of industrial growth over time.

TECHNOLOGY AND INDUSTRIAL DEVELOPMENT
OVER TIME

THE PROCESS OF TECHNICAL INNOVATION

We must first dispose of the idea that industrial growth is m:mmoq@.a
by major technical innovations—the Em. sm:m m:n.c_.v\. One ::p‘._\m:::.m
idea throughout the literature on innovation a_m:.!c: and the product
cycle. It rests on fundamental Bmmo.c:na.c:o:v, as to :E. ,25\
technological change proceeds and how it fits into the wider regime of
accumulation. .
,anc_:@ principles of technical change can be n:c_:o._.ﬁna :m: ;_un:n
the big bang theory, even while strongly w:ccc._.::m the _amw of
technological determination in the course of technical change. That
is. technical change is, to a significant degree, internally generated by
<<.o_,r to solve technical problems and 58_.:.;:« m:AcQE.ﬁ_ wd\ the
nature of the physical products and processes of E@a:a:m?f ‘

(1) Technology does not flow from mcmm:cw,; as in ::w linear view
of causality embodied in the trilogy :_=<m_:,_c_T_.zsc<w~_c:-.
diffusion.” Philosophically, the trilogy rests on an idealized view of
knowledge as the product of contemplation _‘wms.ﬁ than u_‘un:,oa
(labor); ideas appear in the head of the Eac.,n:n_m,: m:a are 5.0:
applied by the manual worker. This is not even true of science, i_:m:
requires quite a bit of hard work, let alone ﬁv*.r_‘acf_aamm _:,m@:n_&,
(Bhaskar, 1978). Sociologically, it involves a E:m:_m_‘: ,.:. science as
true knowledge and scientists as priests who ?JQ.O:. ina different
way from ordinary mortals (Sayer, 1981). Industrially, it simply does

not square with the evidence. ' |

The history of industrial technology, from the steam a_.ﬁm_:.a to :E
modern airplane, is that it usually runs ahead oﬁ, scientific
understanding of the underlying principles involved wamaacn_..m.
1982: 141-159; Sahal, 1981: 30-32). 1t is not :::m::_. for :E:&:m_
engineers to develop a solution to a problem for ,.z_:nyr. there _,v,,:c
scientific explanation, and for that to spur mc_na::c _‘mmn.Ec:
(Rosenberg, 1982: 126). Industrial technology also gives to science
most of its instruments of investigation, which are critical mo posing
questions as well as veritying solutions. Conversely, the _.E_.E_._:m:cm
characteristics of industrial technologies cannot be predicted well by
theoretical science (Rosenberg, 1982: 122). This is to be expected;
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flow of materials from one process (or industry) to another. There is
no reason to expect that such imbalances can ever be eliminated:
moreover, correction in a lagging sphere may catapult it ahead of
the formerly leading sphere. '

Another kind of complementary technical change is that between
substitute products or processes. Not only do new techniques not
burst full born on the market, old ones often undergo dramatic
improvement under the spur of competition or benefit in other ways
from the environment created by the new (Rosenberg, 1976: 202-206;
Uselding, 1974: 186-188; Mak and Walton, 1978).

Finally, there are pathways of diffusion between linked technolo-
gies and industries, by which technical change in one area helps
improve a related process or product (see above).2® Because of its
experiential base, however, technology is not a universal bag of tools
that can always be transferred easily from one industry or country to
another. Diffusion follows pathways of use; it requires improvement
and adaptations; and it does not follow an S-curve of growth (Sahal,
1981: 106). By the same token, followers often do better than leaders in
innovation because they are not trapped in an environment and
experience that restricts a technology of widespread significance to a
truncated use.

(4) Despite the incremental nature of technical change, the sum of
such changes is not incremental: That is, there are basic design
frameworks within which work advances. Oft-cited examples are the
steamboat, the tractor, and the DC-3 aircraft. Sahal (1981: 64) calls
these frameworks “technological guideposts,” Nelson and Winter
call them “technological regimes™ What they are advocating is a
“structural” view of technological systems, in which an underlying
pattern lends coherence to many small changes. “Evolutionary
changes do not just pile up. They inevitably build up into a system”
(Sahal, 1981: 64). This similar to recent theories of how science
evolves (Kuhn, 1970; Piaget, 1970; Bhaskar, 1978). It gives further
meaning to the idea of technical determination of industry
development paths.

Because technical progress is structured by the nature of the
product and process, the possibilities for Improvement in a basic
design can be exhausted in time. There is, therefore, a limited range
within which something like the product cycle can take place. Recall,
however, that the level of process development (especially
mechanization) to which production “matures” depends on the kind
of product and market. 2! Nonetheless, technological exhaustion
must be balanced against technical breakthroughs.
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(5) Given the structured nature of technological change, it is
possible to speak of technical breakthroughs. Such c_.msf:..@:m_;, or
qualitative shifts to new structures of design, do not ordinarily oceur
at a pop, but become apparent as a line of development reveals its
technical potential. From the individual perspective, the break-
through may be an act of genius that solves a big problem; more often
it 1s the unanticipated result of solving a smaller n..cv_n_.s.;l
“overshooting of the mark is characteristic of exploratory mc:<._:am
. . . the size of the discovery need bear no systematic relationship to
the size of the initial stimulus” (Rosenberg, 1976: 115). From a
systematic perspective, breakthroughs come in terms of m::nE_.w_
change within a sector (e.g., a product design shift) or _nmnm in
technology based on the natural organization of matter (mechanical
versus chemical versus electronic technologies), whose effects are
widely felt. This is where theoretical “science™ may reenter the scene,
providing, if not the initial breakthrough, the eventual understanding of
natural laws on which a long-run technical flowering is based.

Because of the possibility of breakthroughs, technological
exhaustion is relative, not final. " It is characteristic of long-term
evolution that barriers to growth frequently prove to be temporary”
(Sahal, 1981: 69). Dead-ends can be broken out of by structural
transformations from one basic design to another, or achieved,
pyramid-style, by combining two prior systems and finding the
common principle between them. Sahal (1981: 73) gives the example
of combining the tractor with the three-point hitch, and calls the
principle “creative symbiosis.” The same idea can be found in Marx’s
analysis of combining machines into automatic machine systems or
Piaget’s analysis of theoretical advances in the sciences (Marx, 1967;
Piaget, 1970).

Technical growth is, therefore, a series of waves, not one long one
as predicted by the product cycle.?? In other words, short-term and
long-term change are not the same; one is within a structure, the other
involves structural transformation.

{6) One can go beyond particular design systems and apply the
saime principle of structuration to basic technologies or ..an::»,_cmm-
cal systems” (Freeman et al., 1982; Nelson and Winter, 1977;
Rosenberg, 1976). Such systems are not merely linked by inputs and
outputs and complementarities, but by common technological and
scientific principles, such as those involved in electrical power or
control systems. The exploitation of such principles may carry
forward a wide range of industries, even lending definition to whole
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Marx treated it as only one limb of the beast to be studied (Mandel,
1975; Harvey, 1982). Even Schumpeter (1939), considered the father of
the technical determinist theory of capitalist growth, actually had an ex-
traordinarily rich conception of the conditions for accumulation, which
has been lost in the work of most of his followers.”’ It has been widely
noted that periods of growth seem to involve distinct “regimes of
accumulation,” or growth ensembles (Lipietz, 1977; Gordon, 1978b;
Mandel, 1975; Walker, 1981b). To my mind, Schumpeter’s (1939) fully
articulated analysis amounts to the same thing. The technological
system is a fundamental component of such regimes, even if it is not,
by itself, the prime mover. It is clear enough how important the
railroad and the automobile were to the constellation of conditions of
capitalist growth in their respective centuries; or Taylorist and
Fordist labor processes; or means of communication such as the
telegraph and computerized digital flows. But none of these reduces
strictly to a “technology,” (i.e., it is institutionalized in other social
practices) and none may be said 1o be the source of growth. In short, it
is the pattern of accumulation that is the central thread in capitalist
growth, not the technology, labor process, or any other single part of
the system.*8

One must also be careful about the image of a structure of
accumulation, which implies a rigid functional system of well-fitting
pieces, like a tinker-toy. Internal imbalance is a creative force that
helps propel the system forward (Harvey, 1982). Thus, in the tension
between technology and value lies the potential for both growth and
crisis. A better image is one of a system moving along under the force
of several driving gears that mesh but one tooth at a time, with much
grinding, shaping, spinning, and halting of gears along the way. And,
although it can get up speed, it may also grind to a halt as the gears fail
to mesh harmoniously under the more and more demanding
conditions of rapid growth.

Growth cycles do not turn down, therefore, merely as a result of
the diminution of technical change, as epochal technology or big bang
theories imply. It might just as well be due to the inability of the
system to accommodate an increasing cate of technical change (Harvey,
1982). Downturns also come because of imbalances between sectors,
between production and consumption, between labor and capital
shares, between money and production. The interesting question is how
parts of the system get on the wrong track, out of synch with the others,
whether it is a pattern of oil consumption that creates the potential for
OPECs revolt or a pattern of labor bargaining that runs up against the
need for automation and wage reductions to meet world competition.
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Such contradictions principally develop through the process of over-
investment in the wrong avenues of development, whether in too
much steel that is no longer needed or in too many nuclear power
plants that don’t work (Devine, 1980). The imbalances eventually
show up in an overaccumulation of one or more forms of capital and
lead, ultimately, 10 crisis if rapid corrections cannot be made (Harvey,
1982).

THE EFFECTS OF TECHNICAL CHANGE

Given the above perspective, we can quickly lay to rest any simple
notion of the necessarily beneficial effects of technical change. First,
not all technical change is beneficial to capital accumulation. Nuclear
power is a prime example. Second, capital accumulation is the issue,
not the growth of any other variable, whether employment, income,
or personal self-realization, although such growth may accompany
accumulation for any number of reasons. It is readily apparent that
automation may eliminate jobs, shifts of the division of labor may
mean the growth of low-paying jobs, a product innovation in one
sector or one country may have its biggest impact elsewhere, cychical
unemployment can destroy people’s lives, and so forth.?” Therefore,
the road from innovation to desired social result can be tortuous, if not
altogether impassable.

TECHNOLOGY AND SPATIAL
PATTERNS OF DEVELOPMENT

We can now add the spatial dimensions of industrial anatomy,
technical change, and growth, using the preceding conclusions to
guide us and adding new twists that a spatial treatment of
accumulation demands. We will see that none of the prevailing views
of the regional or locational impact of technical change holds without
qualification.

THE SPECIFICITY OF INDUSTRIES
AND THE SPATIAL DIVISION OF LABOR

Industries are different and technology plays a big part in those
differences, as previously argued. Hence, they have divergent
locational needs. whether for a particular material or a particular
lubor force. As Sayer (1984: 25) puts it, “industry 1s incredibly
complex and differentiated and so too are its products and hence its
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-:n::r.-,é are popular. Such hierarchies are commonly measured in
terms of amw,qnm of urbanization, labor skill, sectoral levels ?V:,,Eozé\_
Sm::?ﬁ:::m\mnasoa&. or place in the corporate organization chart
AZ»&MK 1978; Lipietz, 1980; Stanback and Noyelle, 1982; Aydalot
Ex:.. These models go beyond the Weberian :E_GQ cw _oom:osv
w:a.:m conception of linkages, labor, growth, and technolo 1

E::o:::.. there are three main ways of mm:::,w from Sorsc_m«. pa
mncmqmv.:_n hierarchy: agglomeration economies Sn,::c_cmwm :c_
maturation, and innovation-diffusion.®? 1 will oxm:::m each ap qun,ﬁ.:
at length, and find all wanting, despite obvious areas of mn_u_M%m:w_r.

AGGLOMERATION

i >.mm_c~.=o§:c= theory is a powerful, if somewhat vague, notion
fﬁ idea is that spatial propinquity allows better access to :“m in :?H
and outputs necessary for production, thereby raising 8<m:mm¢
__Mw,a.::m costs, m:.a increasing productivity (Hoover and <m:_o_,~‘
:m. cw _;uzwa, _co.a“ Q__Ew:qN 1974). Two aspects of this will be dealt 2:7.

8,. ro_::d.c.a:v\ flows (linkages) and labor pooling.33
The traditional emphasis in commodity linkage analysis has been
on transport costs. Given the friction of distance, proximit ?m 3
access to larger markets. This, in turn, allows om_.mmm: noc:cw:mm@u cvm
scale in production. While this may have had a certain bearing in the
past (Moses and Williamson, 1967), it carries less force today when
transport and national markets are so well developed (Storper and
Walker, 1984). Yet agglomerations persist. Attention has, therefor
E:_wa .8 the character of the linkages as well as their msn_,a Ewmw
mvmo_m__nn.g markets for customized goods, where personal conta ~
and a rapid flow of information are essential (Hoover and <m39r_
‘_cwom /.\m:,c:. 1960; w,,oo:. 1982a, 1982b) and technically ::rmm
__ch:vv.pzn_ complexes (Castells and Godard, 1974; Norton and Rees,
Because custom markets and strong technical linkages do not exist
wcn all _u.ncacﬁm. agglomeration cannot be held a universal tendency of
industries. Scott (1982a, 1982b) distinguishes two groups o?:acmw\_, :
large-scale materials-intensive and small-scale labor-intensive :w\c
former do not depend on agglomeration because they nannmm._wﬂmn
volumes of inputs for mass markets, so their linkages are regularized
and ::J\. get volume discounts on transport. The latter are
c?ﬁ.ﬁ.@:Nma by a high division of labor, many small exchanges FE
customized work. Scott’s contribution is to make exchange _Sr,T 3
depend on the character of production, rather than vice versa :, wc%
technology at the center of agglomeration theory.*4 T
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But this model will not suffice. For example, sometimes mass
production leads to agglomeration, as where there are direct technical
linkages (e.g., petrochemical complexes). But the physical ties of
chemical pipelines are not the rule. Should we assume that the Detroit
auto complex is based on mere physical connections between
assemblers and parts suppliers in a linked production system? A
territorial complex based on skilled machining is probably a better
explanation (Norton and Rees, 1979). On the other hand, mass
production (with flexible automation systems) may be consistent with
a dispersed production system, as is happening in the Italian auto
industry (Murray, 1983). Despite Scott’s good efforts, the determining
forces of spatial integration-disintegration of the division of labor
remain in need of a great deal more theoretical work, after years of
neglect.

The geographic scale of agglomeration also has not been carefully
addressed. What is the effective range of proximity? If it is “the
manufacturing belt” (Norton and Rees, 1979), it borders on solipsisim;
all distinctions between big cities, systems of big cities, and regional
complexes of small towns is lost (see Vance, 1977: 330-35; Pred, 1980;
Muller, 1977; Pudup, 1983). Is Silicon Valley a periphery of San
Francisco or a core in its own right—or both, depending on what
connections we are exarnining?

Commodity linkages are not enough, of course. Scott tries to tie
them in a determinate way to labor demand, arguing that large-scale,
materials-intensive industry requires less skilled labor, while
small-scale, labor-intensive industry requires more skill. This is the
basic formulation of agglomeration economies as regards labor: 1t
takes density to produce an adequate pool of skilled labor, which s in
high demand and short supply. Such pools of labor both restrain wage
increases and assure supply, and they work to the advantage of
workers looking for jobs as well as firms looking for workers. 1f we
take a sufficiently broad view of labor, this pooling of skill among
managers, engineers, financiers, and traditional blue-collar skilled
workers is a major reason for the agglomerations in Silicon Valley or
around Wall Street. But there are cautions here as well.

The treatment of labor demand in agglomeration theory as either
skilled or unskilled is reductionist, involving a kind of technical
determinism. As previously discussed, laubor requires a richer
conception of performance, control, and reward (Storper and Walker,
1983). Problems of labor control and cost, especially under a regime of
collective bargaining, may make wage demands higher in urban areas
because of militancy and “pattern bargaining,” leading some
industries to seek out dispersed locations. Storper (1984) suggests that
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labor segments makes the decision more complex: Medium-range

skilled technicians are often the least mobile and most sought after

labor force (Oakey, 1979).

Finally, both the active recruitment policies (Piore, 1979) and the
ongoing employment practices of industry (Storper and Walker, 1983)
shape the local labor force. Conversely, the experience industry has
with labor and other local conditions shapes its development path;
production does not dictate location in a strictly linear way.

Textiles are the classic case of relocation to cheap unskilled labor

in the South. Hekman (1980a) makes a good case for a product cycle
interpretation of this shift. Nonetheless, there are difficulties.
Mechanization advanced for 50 to 100 years before it resulted in the
kind of deskilling the model anticipates. Even then, some skilled
workers were exported to the South along with the new plants: Why
could this not have been done earlier? And Hekman treats the
designation unskilled as completely unproblematic, as if there were
nothing to making agrarian folk into industrial workers (Thompson,
1967). Carlson (1981) opposes this view, arguing that Southern textile
makers tended to cluster in areas where industrial experience was
greatest. In fact, the industry had built a base in the South going back
to the 1840s and grew rapidly by 1860—long before the technical
maturation Hekman argues for. Did slavery have any affect on labor
force and industrial development in the South before 1865 (Genovese,
1967)? Why did many skilled workers who set up operations in the
South fail before 18807 Nor is labor control in the North, rather than
simply skill, given more than passing consideration (Hekman, 1980a:
711). Why were a series of labor forces, from mill girls to Greeks,
brought in over the years if labor cost and control were not already an
issue in New England? Finally, it will not do to treat technical change
as essentially complete by 1910, as Hekman does. Why hasn’t the
synthetic/knit revolution resulted in a locational shift as profound as
the one circa 19007 It appears that one must take a closer look at why
capitalists gave up on the workers of New England after a century and
found a suitable replacement in the South at the time they did. They
may have even pushed technical change to accommodate this
strategy. In any event, technical change may have made the shift
possible, but it cannot bear the full weight of explanation.

The second explanation oﬂ,ance::.w_uwm:o: is the lessening pull of
interindustry linkages on large, standarized operations. The parallel
between delinking and deskilling is commonly observed (NRPB,
1943; Hoover, 1948; Vernon, 1966; Hirsch, 1967; Hekman, 1980a).
Scott (1982a, 1982b) again tries to tie the two together in terms of

?da:c:c: changes. Mass an:n:c: neans m_‘nm:a_; ::rp_:.:q_cs ,on
formerly scattered units and greater ::.c:m_‘i:.p of n,,:”:n»__ 14 ww. _M_Fﬁ”w
farger, more regularized markets and c.:_r a_mccc:?..:_s us _ ” thus
move from small-scale, labor-intensive Lo large-scale, matel
.:ﬁm”_ﬂ_uﬂ._, all the reasons previously orna, we must be nppmm_ﬁ_up_w,wwﬁummh_p
imputing such a pattern to all industres. waca.:o;. nmvno,_w_,wrpwwwp
goods, do not all mature 10 mass 83:8255,43_5,. Toc@w...v ,owV o
evolve single-mindedly to mass production. S50 .,.__t_ :E.E:Ew ?.S_Hv:
be expected to go through zo::rmmalﬁﬂ: _‘m, @Q—.c\mr_h_ _Mu "
agglomerated state. More troublesome to the ar._ErEm, ;,V,ﬁc ‘n |
the occasional evidence of increased :mm_oim_ﬁ:c: .urrc_zcwsy m».
greater integration and scale of n_.ca:n«:c? as 5/:5 rwun‘_c,
automobiles in Detroit in the 1920s (NRPB, En&” ._c: &E mC,:_, m_,“
near Boston in the 1810s through 1840s (Vance, 1977:333). s : w,,_.av“.,
of the elimination of more widely dispersed smaller wc.ziﬁ:c_u C _.M
opposite of Scott’s wcm:x_.f 3 large plants m.:f:m%.:m:ﬂmﬁ
agglomerated small firms)? Oris _,~,~=E large Em:? w: wcm:pn—._: ,N_<mu
have powerful agglomerative n:nﬁm, mEi:E Ecm: m:_dwm_,:mp
stnall supphiers and such (Oakey, Emmmc_mu‘_.:a_e: 5,_4 wc_.:.ia\a, o
depends on the linkage characteristics of the mm_:.r:_&‘ in :J Y,
which varies by technology and social ?,.mo:ca in an:r,:,c:m.
product, and division of labor. One cannot simply _‘nma‘::rwmﬁv ) :
from production technique. Note, for aww:%_a, the nnocncns.:n:c: wv
some American industries (¢.g., Caterpillar tractor), “.:oajc:o: .BQ 1-
ods unchanged, in order Lo imitate :.5 ,_m_uw:n.mn ?"wc:‘on‘ mm Kanban, or
rapid delivery of parts without :c_a:_m _E‘.mn 5<S=o:av. L tentiles

Hekman (1980a) adds that the crucial link in New mksm_u:‘ .Ev.__ ,u
was to the producers of textile machinery, i:o. needed G beinc MJM
contact with customers and who relied on wx_.:ma _wcc._ more ~ a
textile makers themselves. Only as 3&2::@ Bw_::m, cnﬂsBM
standardized and mechanized was it _uo.u,v,__c_n to c_.wmr ::m k__:: ,:m:
move textiles south (often keeping machine making _a,.m:w.:\cwu v.::m
light of the evidence about machine makers E._L,E.n—d:_‘rw_ r —,ﬂ_nvwﬁw_‘
is a powerful argument (and 5.9_ to good n:@ﬁ n.mu,_:& ;u e
power site theory of textile EQ:EE. chn:.&cu,# c:naimﬂ mc” _amw
the changes in machine making, which were EE?,@._E‘ : .‘_. .: Lo
1o similar moves southamong a wider spectrum & :E;:v«: ies. _k ga :w
it must be said that we have little ,ﬁ—.ﬁ:.a:r,m,_ m_:a.r‘:_r,‘n_.,_urﬁ.ch ;WWM:Q
grasp these variations in the development of markets, linkages,
smm_c_:m_ssc:\amu,mr.m_c:ﬁ_,ﬁ,_c:.
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_::cﬁ:.mc? contrary to the view of Norton and Rees (1979). Self-
mgnﬁ.m:é regional development involves the generation, _,Qm::o:
maa investment of surplus value, the development of a cmcmzn.
diverse workforce, the interaction of a range of industrial wn:S:amv
the c:w.m:o: of a suitable social and physical infrastructure E‘.,
energetic ‘.a.:a growth-oriented state apparatus, and the like. A,,:M:
15,1t requires a workable growth ensemble. A few places achieve
moiﬁr_:m like this ideal—although no region is completely
wmz,c,ozgima and not every place that is broadly suitable will, in fact

m:mE_:.m..cﬁ? All of the famous examples of rapid regional growth :,_
En United States—early nineteenth century New England, the late
:.:nﬂa:_: century Midwest, twentieth century California, late
mim::m:_ century Houston—had long years of prior aoé.cﬂ:.:n_:

including agriculture, mercantile trade, and accumulation, a :c::m
:E_..rnr government promotion, and various humble m:a:&znm such
as food processing (see, for example, Pred, 1966; Pudup, 1983; Platt

1983). Although they benefitted in many ways from the miawmanzh
growth of more advanced regions, they did not depend primarily on
branch plants or technological spinoffs for their growth. Capitalism is
not :E:c:::c and it has shown its capacity to generate m::i:,

including technical innovation, on fresh soil on numerous ocnummc:u.‘

CONCLUSION

In sum, technology has a significant effect on industrial location
and the course of regional development, particularly in the way it
shapes the distinctive character and growth path of industries
Zc:ﬁ.:n_nm? we must eschew technical determinism as a mode cb.
mmm_zm_m. Neither logic nor evidence sustain most prevailing theories
of broad spatial patterning based on technological forces. Too
many other variables intervene in the open system of the space-
economy for sweeping generalizations about the effects of technical
patterns to be borne oul. We need a more supple approach to
technology and its geographic effects. Geographers must, therefore
employ a structural-realist mode of analysis that takes cognizance cm,
technology as one of the basic structuring forces of the :E:u,:.n:
system, but puts it in proper relation to other elemental structures of
capitalism (such as class and competition), allows for human agency
and the many contingencies of history, and inserts space into the
process of industrial development (see Sayer, 1983). In short
geography cannot be read off from technology. ‘ _
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NOTES

1. 1do not take up the important questions of market and business organizaiion
or of the circulation of money and capital, except peripherally.

2. Ordinary neoclassical economics has no technological determinism because
technology is not regarded as an interesting problem. Choice of techniques is a static
process of weighing relative prices of labor and capital. This Hicksian view of
price——induced faclor substitution, in which technigue (and capital equipment) is
treated as perfectly malleable, has beenexposed o withering criticism (Kennedy and
Thirlwall, 1972). From one side, it has been argued that capitalists do not cost
minimize by choosing one factor over another (Salter, 1966}, besides, technical
change is lumpy and balancing factor pricesis a pipedream (Rosenberg, 1976: 61-84).
From another side, it has been argued that the price ol capital 1s 4 fiction, which
cannot be knawn without prior knowledge of technical coefficients and the
distribution ratio between capital and labor (Hunt and Schwartz, 1972, Harcourt,
1972). For my part, I have always wondered why, inaneoclassical world with perfect
substitution, homogeneous production functions, and perfect markets, all industries
do not converge on an identical technique, And, indeed, in his attempt to detend
neoclassical capital theory, Samuelson ended up having to assume a world in which
Al industries have the same labor-capital ratio (Harcourt, 1972).

3. Technolagy typically refers only to products and processes of production.
This begs the question of organization of production and circulation, excepl where it
sneaks in the back door by reference to the “technical division of labor” or
“imarket  —as if either were not the problematic result of human institution and
choice. In this chapter [ continue an extended argument for the importance of the
itegory of economic analysis that cannot be reduced

division of labor as a structur
cither 1o process/ product, class, market, or corporations (Walker, 1985a, 1985b). The
division of labor must be included, along with both market and corporate forms of
organization, among the whole range of the forces of production. The organization
of production and circulation 1s very much structured by Llechnical problems of
transforming nature and rendering it useful (and accessible) 1o people, independent
of the structuring influence of class and power (the social relations of production). 1
will often use the word “technology” to encompass the division of labor and
organization of production as & matter of convenience, given the clumsiness of the

phrase “forces of praduction.”

4. The distinction beiween use and use-vaiue parallels that between
exchange-value (price) and value (see Harvey, 1982).
5. A slightly different case is the resource-based industries, which have certain
problems of extracting resources froin the earth in common and, therefore, share
some developmental characteristics (Markusen, 1983 Perlotf, et al., 1960).

6. 1t should be clear that what has been said in the previous section about
technical linkages, imbalances, and innovation applies both within and between

industries.

7 Von Tunzelman's (1978) study of steam power in the ndustr i revolution
vindicates Marx’s analysis.

K. Afthough the notion of deskilling has had, since Adam Smith, a certain

purchase among mainstream economists (see NRPB, 1943).
9 Maix also touches on two dimensions of the iabor process that need greater
development: the transfer of materials from one step of processing Lo another (Storper,

1982) and the monitoring of process, movement, and product quality (Bright, 1958). These
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Technology and Spatial Production Relation
Disequilibrium, Interindustry Relationships,
and Industrial Development

MICHAEL STORPER

1 WHY DO MAJOR UPHEAVALS in industrial So::o_,mﬁwm w:a
the location patterns and regional development paths that wrrn&nmm&
them seem to take geographers, cr:.:_n?,. .m:.a wno:.o_:._i‘v y
surprise? Whether it be the aao::w of __,a:m:”_w__smFW._mww_:.,mm_ﬁm
regions in advanced capitalist nations, ::w rise Q, :ru_e mﬁc._._ ?a
challengers such as Japan, the “miracles in Korea an _,WK_. > Lhe
subsequent setbacks in Brazil, or the rise of new _Ja;:gv:_ww.,_”_
altogether new types of spatial milieux, Ec::c_om_cm_ &1 ﬁ?w :..:x
change is much less regular and often more dramatic than most ol o
ones 1d predict. ‘ .
Smﬂ“m %;MM:_%?@@OV& a heuristic #.ow,. m_E_%ﬁ:m‘,m:m :_wppyw_ns_n.
evolution of spatial production relations of industries. ;w purpose o
{his exercise is to establish the Emc_.m:nm_, grounds on E_zor we -.:_mrw
begin to account for dramatic increases in the spatial nsvwc__,_.:aw 0
industries, based onthe notion that we also must mccc:_: mo_,,g.uq:wco
changes in technologies themselves. To do ::ww we :EZ mdmamn_
debates in both economics (technology) w:.a location theory ?vu:w
consequences of innovations); this chapteris a modest m.:a::u,p pw :_mn
some of the conceptual tools that have been an<m_ovma in these el v
to consider dramatic and long-run historical changes in technologies
sation. . .
;:@-WWMM at this interaction between :.5 process & _onm:_wﬂw_rog:mm
in particular industries, via particular innovations and strategies, M:N ”



