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If the expreasion “capitaliast technology"™ atartles the reager as an
insppropriate juxtapositon of terms, much as did Marx’s ironic reference to a
“vellow logarithm,™ it may be due to the. imposing influence of the
now-dominant neoclaszical econoaic paradigm. For it is not difficult to show
that given the uaual assumptions of the necclaasical model, technical choice
will follow the dictates of a microeconomic logic which may be described as
inatitution-frea: in aeeking the leaat-cecat aet of produyction inputa from the.
availahle methodas of production, ownafa of f£firms <(or their delegated
representativesa) will never aelect a method of production which s
technically irrational in the aense that (by comparision to =ome other
available nethod.of production) it usea more of at least one inpui'and not
less of any input to prodﬁce a unit of output. Robert Dorfman speaks for an
entire achool of thought in coamenting on the aanager’s choice of technique:
“Thia aearch reaultsa, of course, in efficient operation of their plants.“1

Technical evolution =may still reflect the nature of social inatitutiona,
even in a perfectly competitive world, but the effects of social inatitutions
operate excluaively via phenomens exogenous to the firm! the preferences of
economic agents, the availabliity of applied scientific knowledge and the
distribution of factor ownership anongst econoric agents.z Given these
conditions external‘to the firm, the choice of technology ia independent of
1. Dorfman (1967}, p. 51.

2. A 'variant of neoclassical economic history would take the caze futher and
argue that in the long run the nature of property rights and other
institutional arrangments will develop zo as to make optimal use of evolving
technolgoical opportunities. This aay be recognized as a kind of gradualist
version of Marx’s conviction that the long run dominance of the forces of
production over the social relations of production would be secured through

revolutionary institutional innovation when existing arrangementa becone
ocutmnoded.




relations of ownership either within the fira or between it and other
economic agenta: Paul Samuelson aptly remarka that "in a perfectly
competitive model it really doeasn’t matter who hires whom: so lat labor hire
‘capital’."3
There ia distressingly little that one can say about the relationship
between institutions and te;hnology in this framework, for it exhibits in
pure fora the diajuncture hetween production and inatitutiona which has been
favored among economista aince Leon Walraa., Methods of production may be
characterized by their factor intensity, economiea of acale, .degree of
substitutability among inputs and level of oqtput per unit of input, but none
of ﬁhese bear any direct relationship to the structure of social inatitutions
beyond the claia that technically dominated processes will be eliminated
through the process of cost minimizing technical choice outlined abové.4
The methods by which we produce our goods and serivces are thus subject to
technical but not social evaluation. David Noble writes:s
Thua, when we see a technology in regular and widespread
industrial use, we confidently assume that it represents the beat
hiatory has to offer, aince it asurvivied the succesaive teata of
this procesa of natural selection. And in this way we routinely
dignify the present array of technology as the highesat expresaion

to date of so-called technological progreass and, as such, we
accept it ag inevitable, a fact of life...

The critque of technology is reduced to a lament against nature itself, or to

3. Sanuelson (1957), p. 894.
4. Murray Brown develops this four fold representation of technologies based
on the parameters of the production function in his now standard neoclassical

work (1968),

S. Noble (n.d.) p. 4.




a concern about the pace of technological change.6

If we are to make sense of the expression "capitalist technology" and to
understand the critical connotations which appear to accompany it, wa nust
move to an entirely different conceptual terrain, one in which the exerciae
of power plays a more integral role in producticn. This is the framework
initiated by Karl Marx and extended in quite different ways by Amit Bhaduri,
Stephen Marglin, and Harry Braverman in the early 19703.7 "It would be
possible,” Marx told the readers of Capital, "to write quite a hiatory of the
4 inventiona made aince 1830, for the aole purpose of aupplying capital with
weapons againat the revolts of the working claas."a

Tﬁe common theme in what aay be termed this non-Walraajian apprcach is the
_centrality inatitutiocnal grrangenenta to an understanding the process of
technical "evolutjon, Ita esaential contribution ia to represent econoaic
interactiona not only as voluntary exchanges but also as relationshipe of
domination and subordination, the enforcement of which may be furthered by
the choice of technigque.

To the extent that employers collectively determine the choice of technique
or the range of available techniques, the exercise of class interest in
technical evalution might be anticipated. This possibility would be concede&

by eccnomists of all description and is readily accomodated within the

6. It hardly need be added that even within the neoclassical framework the
rate of technical progress cannot be pracisely defined except under the most
inplausible assumptions. :

7. Bhaduri (1973), Braverman (1974) and Marglin (1974). The subsequent
contributions have been too extensive to cite.

8. Marx (1967), p. 436. William Lazonick (1979) provides a not entirely
favorable historical assessment of Marx’s claim, with reference to the
self-acting mule.




neoclaassical franework.9 What is at issue is the +the claim that
non~colluding profit raximizing capitaliats will generally salect
tachnologiea which are in a well defined sense inefficient, that the
resulting inefficiencies are eapirically significant encugh to warrant our
attention, and that there exiat fessible alternative inatitutiona which =might
not entail this form of economic irrationality. For the term "capitaliat
technology”™ to be bhoth conceptually coherent and interesting all three claias
rust be sustained.

In order to address the first of thease claims (I will only touch on the
remaining two) I will davelop a very simple general model of production and
exchange quite divergent from the Walraasian view, uaing illuatrative examples
from three diatinct epocha of capitalist development.

I£ may be insightful to begin the develcpment of the alternative model by
inquiring what it is about the neoclassical model which renders it so
unaccomodating to inatitutional concerns. Abba Lerner.identifies what T will
argue is the key committment of the neoclassical approach when he writes, “An
sconomic transaction is a solved political problen.“lo He goes on to note
that in econénics (neaning neoclasaical economics) a conflict takes the foram
of a contract. As we shall see, the logic of the neoclassical model requires
that the claima.ariéing from these contracts be enforceable at zero cost to
tha exchanging parties; contract enforcement is secured through state action
at insignificant éost to the agrieved party. Thia is what makes neoclassical

exchange a "solved political problea.”

9. See for example Samuel Bowles, Peter Dixon and David Kendrick, (19713,

10. Lerner (1972, p.259.




The microeconomic logic of the non-Walrasian approach may be captured in a
nodel in which exchanges on both product and input marketas as well aa credit
markets give rise to claims which are not costlessly enforced by the state
but which are enforceable in varying degreea through atrategies adopted by
the exchanging parties. Herbert G;ntis and I (19838) refer to theae
non-Walrasian transactiona with endogencusly enforced claias as contested
exchanges.

Strategies of enforcement are generally costly, involving the use of
personel and equipment to collect informantion and induce compliance.
Technologiea are developed and aelected by firmas with the problem of claim
enforéennt in mind. Thus technologiea are not only meana of trenaforming
outputs into inputs, they are also integral parta of atrategiea of enforcing
confiicting'claina and organizing social relationshipa. As we shall see, an
inportant reault followa: inefficient technologiea which facilitate claia
enforcement may be prefered to efficient technologies which exascerbate the
enforceaant problenm,

The inadequacy of the neoclasaical account of technical change is
attributable' to the fact that the major markets affecting innovation and
technical choice -- labor =markets, credit markets, and markets in
information-raluted-products -- .all give rise to contested exchange, and for
this reason technical éhoice and the direction of innovative activity will
raeflect the capitr'ist’s desire to nminimize enforcement costs as well as
production costs.11

In the pages which follow I will consider the relationship between

11. On credit markets, labor amarkets and information related =markets
respectively, see Herbert Gintis (1986), Bowles {(1983), and Arrow (1962).




enforcement costs and technical choice with respect to both the employment of
labor and the nmarketing of the product. I will first illustrate the

rRicroeconmic leogic of what are called deskilling technolcgies by reference to

technical change in the food procesaing industry in the late 1Sth century. I
will then conaider what I term labor monitoring technologiea introduced in
the 20th century. Lagtly I will introduce coamodity rights enforcing
technologies as illustrated by the case of genetic research. In each cass I
will focus on at least one apecific exanpie with the intention of lending a
bit more concreteness to a field of study which haa perhaps been lacking in
thia reapect.
Labor Homogenizing Technologies:
Cox’s Capper vs. Craft Labor in the 13th Food Processing Industry

As is now widely recognized, labor marketas are a prototype case of
contested exchange. Because the amocunt and quality of work done per hour is
to a major extent determined -- at least in an immediate sense -- by the
worker, and because samployers and workers interesta generally are not
identical in thia matter, the employer aust develop what may be termed labor
extraction strategies to ensure that a sufficient amount of work is done to
render production profitable, given the other parameters facing the firm.
The choice of techﬁdlogy, as we will see, may be an inatrument in this
strategy.

Let us consider the case of the food processing in&ustry in the late 19th
century, an industry whose labor relations have been carefully studied in a

12
series of papers by Martin Brown and Peter Philips:

12. See, especially, Brown and Philips (1986) upon which this account is
based. All quotations are from their paper, including that from Cox, whon




The cannery owner of the 1860 to 1880 period faced ... basic
constraints which limited his control over productive inputs,
+++ After the raw produce had been worked-up and put into cans
«ss the capperas, who were specialized tinsmiths, sealed the
cans. ... The bargajining power of the ceppers ...was rooted in
their strategic location in the production procesa ... (which)
++s would not have been crucial if they could have been quicikly
and eagily replaced in the event of a atrike or strike threat;
but that was not the case. Cappers had fairly complex
tinamithing askilla and the training ayateam for acguiring these
skills was not controlled by the canner ownera. (130-131)

The replacability of the worker waa clearly a key element in any aucceasful

atrategy for controlling the cappera’ labor:
In order to deter...atrikea and to render the capper & bit more
manageable and diligent employee, the cannery owner needed to
make the capper’s replacement a plsusible consequence of worker
recalcitrance. (134)
Both ownera and inventcors sensed that mechanicel innovation might undersine
the cappera’ poaition. Newly developed hand-powered capping machines were
inatalled in aome canneries, not for general uae, but to hold in reserve in
the event of & strike.

But it was James Cox’s invention of the mechanical capper that turned the
tables against the cappers. The device was not the result of idle
technological curicaity; Cox had a sensitive understanding of the cannery
owners’ predicament. Writing 26 yeara after the initial introduction of his
nachine, he recalled:

In those dayas the capping all having to be dcne by hand, a Bosas
Capper took the contract to do the work, furnishing his men for
the purpose, and even the owner stood in great awe of him, for of
what use was it to purchase tomatoes and prepare them if, at the
important moment, the Capper decided he would go on strike; or
having received his pay, required more time to sober up than the

boss thought necessary, ... It was this helplessness of the
canner that made him a willing advocate of every mechanical means

‘they cite.




and rade possible the working out, through frequent failures and
heavy losses, the perfected mechanical meana now in use. (134)

Brown and Philips confirm what might be inferred from Cox’s last sentence;
the introduction of Cox’s Capper, as it was called, did not initially raise
the productivity of the capper at all, But it was widely adopted nonethless
because, in the worda of a comtemporary obaerver, “it relieved the enploying
packersa of the domination of the bossrcapper." (136}

We may capture an essential aspect of this hiatorical episode in the
following way. Prior to the introduction of the new technology, the cappers,
whom we will_represent as the only type of labor involved, received what méy
be termed a conaiderable employrent rentf their wages éxceeded those of their
next beat alternative, w'.la Aasume that new workers may be recruited by the
firm at the wage w’ but in order to do-cépping work each new worker must be

4 Then the cappers union will be able to

1
acquired at a recruiting cost of Sy -

strike successfully for any wage less than w’ plus c¢ assuming that this

tl
wage is not so high as to prompt the firm t¢ cease producing altogether.
Correspondingly the firm, which wantas to avert a strike, will have to offer

what may be termed the strike averting wage, w’ plus-ct.

If the effect of the introduction of the new technology is to reduce c, and

to leave the level of output per worker hour and other relevant data

13. I assume that their alternative to work as a capper was the certainty of
finding a job at w’; nothing critical is lost by abstracting from the
possibility of not finding a - job at all and of receiving income from
non-labor market sources such as family or the state. For analogous reasons
I confine the model to a single time peried.

14, It is immaterial to the firm whether this is a "training cost” relatad to
the ability to do capping tasks in any substantive way or instead represents
a "toll", unrelated to concrete job performance, which cappsrs have managed
-to extract from employers.




unaltered, it will .clearly be profitable for the firm to adopt the new
technique.15 Equally clearly, the new technology will enhance the {fira’s
profits even if it has the effect of lowering the productivity of laber, as
long as the reduction in recruiting cosats ig asufficiently great.

This form of technical change represents a process which Harry Braverman
called deskilling -- the erosion of the power of'craft labor through the
developmnent of ﬁechnical and organizational nethods of production which
undercut thé warkera’ nonopoly.of a particular akill. Thia may be a rather
prevalent form of techical change: MNarx initiated the literature on this
aubject with his discuaasion of the self-acting nule; Katherine Stone (1974)
documenta this proceas in the late 19th century U.S. steel induatry, and it
ia a dominsnt influence on labor relationa in the printing industry ia the
mid to late 20th century.

Braversan‘’s much used teram, however, may be asomewhat aisleading, for the
workers who replace the craft workers (or threaten to do s0) need not be less
skilled in any of the poasible aensea of the word; what is c?ucial is that
they be sufficiently abundant, unorganized, or deprived of other employment
opportunities to command a lower enpléynent_rent than the craft workers. Tﬁe
key contribution of these technologies to profitability is to make labor more
easily replaceable, which is to say, replaceable at less cost. Because this
may generally be done by eliminating unique characteristics of a particualr
type of concrete labor I will refer to these technolgies as homogenizing
rather than deskilling.

15. Though I will not pause to develop this line of reasoning at each point
in the pages which follow, it is also true that under quite general
conditions, the industry-wide adoption of the new technology will also raise
.the common competitive profit rate in the econoay as & whole.




The radical equaiization of the wage structure in the California canneries
between 1870 and 1910 reported by Brown and Philips may reflect at least in
part the effects of homogenizing technologies. Over this period the nale
wagae atructure ahifted from & high wvariance bimodal diastribution to a
unimodal distribution with very little variance; the ratio of women’s wages
to mena wages rose from .42 to .86.

Thia simplified discusaion of the case of Cox‘s Capper hardly does justice
to the historical record; nor doea it address the more general issues of the
relationehip betweén firna* labor extraction atrategiesa and technolgy. I
have repreéented the workers’ options as siaply to work or to strike and have
thus abstracted from the firm’s more general problem of the controi over the

pace of work. To thia more general prcblem we now turn.
Technolegical Monitoring of the Labor Proceas

A more complete model of the production and labor extraction probess will
illuminate our next example -- monitoring technologiea -- and will alleow a
restatement of the logic of homogenizing technologies.16 The dual overriding
concerna of labor control systema -- homongenization and monitoring -- was
aptly captured by the German industrialist Alfred Krupp:l7

What I shall attempt to bring about is that nothing of importance
shall be dependent upon the life or existence of any particular

person; that nothing of inmportance shall happen without the
foreknowledge and approval of management.

The connection between Krupps objectives and technology may be clarified by a

16. The model of labor extraction is presented more fully in Bowles (1983),

17. Quoted in Daniel Yankelovich and John Immerwahr (1984), p.58.

_lo_




simple model.

Consider a particular firm whose output over some period of time, d, is
simply the product of the number of labor hours hired h, the amount of work
déne per hour e, and the amount of output produced per unit of work done, g
or

(1) @ = heq

The level of output per unit of work done, q, depends on .a vector of material

inputas per hour of labor hired, x, or
(23 q = q(x)

Because x reprezenta a vector of material inputas in the production proceﬁa --
30 many kilowatts of electricity, so many hours of work by machine of type n,
and the like -- it also represents an aspect of the technology in use. But
as we will see, equationa (1) and (2) -~ the firm’s production function -- do
not adequately capture the determinants of technical choice.

The amcunt of work done per hour will be influenced by the formal or
inforaal work rulea which are in force, the extent and degree of ocbservation
of safety regulations, the amount of contrived or unavoidable machine down
time, and the like. We will summarize all of these and other influences on

the amount of work done per hour in a labor extraction function expressing

the -workers response to the labor control strategy devised by their
employer. For simplicity we assume that workers are identical in the sense
that‘their productive capacities and their work proclivities (their responses
to various extraction strategies) are the same, The amount of work done per
hour is determined by workers as a whole on the baais of their collactively

.held notions of what is a fair and reasonable amount of work for the employer

- 11 -




to expect as well as the workers”’ perceptions of the likely consequences of
viclating the employer’s desired level of work effort, ec.

Given workers’ conceptions of what was once termed a "fair days work"” --
that at which they would work by choics, ew, and assuming that their employer
would like them to work harder than this (ec > aw), the level of work will
reapond to the expected coat of viclating the employera expectations, c”

(3) e = e(c*) where for ¢~ > 0, e’ > O, and e < O; and £(0) = &°

The expected cost éf violating the employer’s work expectationa is the
product of three terms: the expected probability of being detected if not
working up to atandard, d*, the expected probability of having one’s job
terminated if detected not working up to standard, t~, and the expected cost
" to the worker of losing his or her job, wc, or

(4) ct = drttws

The employers extraction strategy may be expressed in terms of the three
components of the righthand side of this expression,

The expected cost of job loss, wc, is the worker’s employament rent or thé
difference between the wage -~ which is an" instrument in the employer’s
extraction atrategy --and his or her next best alternative, which is
exogenous to the firm.18 Ve nged only note that a viable labor extraction
strategy entails a positive employment rent. Of more interest here are the

probability of detection, d*, and the probability of job termination, t~.

18. The value of the next best alternative will generally depend on expected
duration of the spell of unemployment following a job termination, the level
of the reemployment wage relatve to the current wage, the availability of
labor income replaceing govenrment payments and the like, but its details
need not detsin us here for it plays no important part in the analysis to
.follow. See Juliet Schor and Samusl Bowles (1987).

- 12 -




Because £’ > 0 and assuming w" and t~ both positive, it will generally be
in the interest of the employer to deploy some syastem of surveillance to
monitor the level of work being done. Thia will generally involve the

employment of surveillance personel (supervisors) as well as the use of

surveillance equipment <(video <cameras and the like). Where these
surveillance inputs are not arguments of gq(x) -- and thus have not effect on
production directly -- we term them pure surveillance inputs and denote their

use per hour of labor employed as v (whose price is pv.) The methods of

production in use, represented by ﬁhe vector %, will alse influence the
probabilty that leaa than atandard work will be detected, however, for the
ext;nt. to which the contribution of each worker or groupas of workers is
Vreadily aonitored will depend on the layout of production, the equipaent in -
use and the nature of the nateriala being processed. Thus tﬁe probability

that aubatandard work effort will be detected ial
(3 d* = d*(x, v

The probability of the worker being terminated if detected violating
managements work norms, t*, will depend, among other things, on the cost of
replacing the worker, which as we have seen will generally depend on the

.19
technology in use. Thus
(8) £~ = £ (),
and the labor extraction function may be written:
" c
(7> e = e{d™(x, VIt {x)w™} -

19. The probability of termination will also depend on the level of demand
for the firm’s product, the seniority and other job security provisions in
force, the expected effect of the termination on other employees’ work levels
.or on the costs of recruiting additional workers, and the like.

_13_.



The firm’s prodﬁction process -- 1its production function and labor

extraction functon -- may thua be expressed:
<la) @ = held~(x, VIt (xIw"Iq(x)

Its choice of technique is dictated by the objective of mimimizing the unit
coat of production, ¢, which ia aimply the cost of material inputa, pure
aurveillance inputa and labor per hour of labor hired divided by the output
per hour of labor hired: 7

(8) c = (px + pvv + w/{g(yelx,v,w)

A change in technolcogy, represented as a change in the vector X with wc and
v conatant, will generally alter all three of the potentially effected
variables. g, d* and t~. However, we may diatinguish what may be termed pure
cases: an adoptable pure efficient technology lowers ¢ by raiging ¢ without

altering d* and t~; an adoptable pure monitoring technoleoqy lowers c by

raising d* without altering q or t"; and an adoptable pure homogenizing
technelogy lowers ¢ by raising t~ leaving the remaining parameters
unaffected, lBy extension we may define an adoptable inefficient technology
as ons which raises ¢ but lowers g. Adoptable technologies -- those which
reduce unit. coata for a single firm adopting the technology -- may be
simultaneocusly efficient, monitoring, and homogenizing, of course, although
not in the "pure™ sense defined above.zo

The reader will note immediately that a adoptable technology need not be

20. The monitoring and homcgenizing aspects of new technologiea may be added
to Murray Brown’s four fold characterization of technologies, and thus to the
-now ample list of bases for classification of technical change.

-14_




efficient, for unit costs may be lowered by an inefficient technology which
is either monitoring or homognizing.

That adoptable inefficient technologies may exist is not difficult to
ahow. Conasider a case where the choice bf technology ia aimply the selection
of a contindoualy variable level of a aingle material input per hour of labor
hired, x. Asaume that optimal levela of pure asurviellance inputs and the
cost of job loaa are not effected by the variation in x and hence nay be
ignored in this analysis., An efficient technical choiée would select the
level of x auch that q/x is at a maximuam, which requirea that the marginal
effe;t of x on g, q, be equated to q/x itself. The cost nininizing choice of
%, howaver, requires that the effect of variations in x on gorker effort, e,

also be taken into account, or:

{9 ge/x = eqx + qe

The first order conditions entailed by the two problems -- efficient choice
of technology and cost minimizing choice of technclogy -- are identical where
the choice of technology has no effect on the pace of work. But the
optimizing cénditions are different and will lead to different chojices whers
e, is non-zero. Where it jia positive -- more material inputs accelerating
the pace of work, perhaps through machine paced labor contrel -- the cost
minimizing choice of technique will be more be more material input intensive
that the efficient choice.

We nave considered the case of homogenizing technologies above, and the
practical importance of efficient technologies is beyond question. Are
ponitoring technologies historically important, or are they little more than

a logical possibility? Does the choice of production technology

_15_




substantially alter the ease with which employers nay acquire information
concerning the work activities of their employees?

The most common form of ronitoring technologies are thouse which make up
what Richard Edwards terms technical control systems of labor nanagenent.21
“Machine paced production” deoeas not generally compel thé worker to maintain a
pérticualr pace of work, rather it makes it.immediately clear when the worker
has failed toc keep up the pace. Thua, an automobile asgembly line may be
considered to be a technoclogy with a joint product: cafs and information on
deviations of each worker from the eatablished work nora.22

Monitoring technologiea need not be machine paced, hqwever.23 Contemporary
word proceaseaing and data procesaing tachnologies now afford the eaployer a
complete aécount of the computer operator’s keystrokes per second,
correctiona per page and the like. In retail trade the cash register is
being replaced by the point of sale terminal -- the more general contemporary
terminology suggesting that it is more than the.flcw of money that is being
controlled. The bar code scanners (automated cash registers) now widely in
use at supermarkets allow employers not cnly a full record of each sale (for
inventory and other accounting purposasi but a complete record of each
checker’s rate of procesaing of sales. Transportation écmpanies now uae

21. He distinguishes this from simple control and bureaucratic control. See
Edwarda (1979).

22. It also makes it possible for a small group of workers to disrupt an
entire. production process. It is perhaps for this reason Lhat assembly line
work rarely incorporated craft workers with high replacement costs. Cne
wonders if assembly line work would have gained even the limited popularity
it did in the 20th century had the craft workers maintained the barriers to
their own replacement which had protected them during the 19th century.

23. I am here drawing on a report by StoS (1986), and Gary Marx and Sanford
-Sherizen (1986).

_16-




satelite technolegy and small computers in buses and trucks to keep track of
their drivers location, speed, and amount of time not in motion.24

The impressive monitoring capacity of new technologies doea not iaply that
the control of the pace of work by employers will be enhanced in future years
or will be secured at less cost. Powerful counter-monitoring tendencies are
alsoc at work, ranging from worker resistance to surveillance to the growing
and now gquantitatively predoainant importance of employment in services
rather than gooda production, coupled with the aimple kact that monitoring
work output in the proeduction of gooda (where the output ias readily
measurable) is conaiderably aimpler than in servigea. The difficulty in
measuring and =monitoring {flows of information, however, givea rise éo
enforéenent costs net only in laborr relationas but in product markets as
well., To theae we now turn.

Commodity Rights Enforcing Technologies:
Hybrid Corn and Genetic Engineering

If the objective of labor homogenizing technologies is to make any given
group of workers replaceable, the goal of commodity rights enforcing
technologies is juat the reverse, to make the firm’s produqt irreplacable by

detering the production of copies or substitutes.zs' Setﬁing agide theft,

nonpayaent for coamodities exchanged and siailar common difficulties, the

24. Further study of these and similar exanrples may reveal the extent to
which these new technologies are actually used, and with what effect. For
example, I do not know if bar code scanners are used for monitoring work, but
only that they have the capacity to be used in this way. MNore is known about
the use of data processing and word processing technologies for monitoring
purposes, but I am aware of no systematic and comprehensive study of their
uge.

25. Commodity rights enforcing technologies are discussed insightfully by
‘Simon Avenell (1986).

_17-




problem of commodity rights enforcement arises whenever the the cost of
reproducing a commodity is small relative to the cost of production. Where
this is the case the buyer of the commodity is immediately in a position to
become a laow coat competitor with the original producer. Commedity righta
enforcing technologies attenuate thia problem by raising the reproduction
coat of the commodity.

We may model this problem in a particularly simple way. Consider a firm
which is the sole producer of a commodity whose unit coéis of production are
cp per unit, and whose costa of reproduction by a purchaser of the commoditv
are ¢ . If the firm sets its price to limit entry to its market, as in the
usual limit pricing nodel, and if the price markup which is just sufficient
to sttract this entry by a competitor is m“~, then the limit price selected by
the firm must be p < cr(l + n*).26 ﬁut if the firm must make at lesast the
same markup as its potential competitor in order to finance its activity and
remain ;n operation it.must alsc be trué that p > cp(l + m*ﬁ, which clearly
implies that the firm will only produce the prgduct in question if <. > cp.
The producing firm will generally have superior marketing and credit
resourcesz and mnoat likely other advantages aa well not reflected in this
exaﬁple. But the constraining effects of the reproducibility of a commodity
are quite clear nonethlesa, even if lese binding than these sinmple

assumptions would imply. Successful commodity rights enforcing technologies

raise the ratic cr/cp. A pure commodity rights enforcing technology will

26. Nothing but simplicity of exposition hinges on the use of the 1limit
pricing mnrodel. A nmore general treatment would make the degree of
enforcability of commodity rights a determinant of the extent of competition
in the market for the product, and hence of the elasticity of demand facing
the firm, and its optimal markup. The more general model yields identical
results to that adopted in the text.
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raise cr/cp without altering other characteristics of the commodity.

The ubiquity of the commodity rights enforcement problen (and perhaps the
lax moral stance of the author vis a vis property rights in cultural and
intellectual goods as well) may be auggeated by the fact that aas I write
Ithese lines on a word processing program for which I paid nothing,
occaajonally making reference to photocopied pasaagea from booka which I did
not purchase, I am listening to a symphony which I taped free from a friend’s
record. 1 am benefiting from the fact that, in this aféa, new technologiea
are as likely.to raise as to lower enforcement costa. Unlike the older sound
reproduction ﬁechnologiea, digital records and tapeas, for example, can be
coﬁied andlessly without losa of sound quality. Video caasette recordinga of
£ilms and television ahows place VCR ownera (30 million in the U.S. alone) in
competition Qith the major networks an&_Hollywaod.

Commodity rights enforcing technologies which have been developed in these
areas are costly, ineffective, and often eesily overriden by other
con:oditiea.27 Bron Records, Ltd. in England introduced an inﬁudible signal
-- called a spoiler -- on its records which would interfere with home
taping., However, Thorn EMI Ltd discontinued its efforts in this direction
when it learned that at least one tape deck ranufacturer was adding an anti
spoiler bypasa device to its productas. Warner Coanunicﬁions Vice President
Stan Cornyn commented ruefully: “Once the sound waves are out, you can’t
control thea." Analogous efforts. by the film industry ~-- Enmbassy’s
“"Macrovision" asystem, for example, which distorts the sound and picture of
copies -- have proven easily thwarted by professional duplictors. Technical

27. See for example, Aljean Harmetz (1986), and "Sound Pirates” (1981). The
quote from Cornyn below is from the latter source.
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measures to enforce commodity rights in computer software appear to have

spurrad at least aqually crestive and effective responses from would be free

users.
A far more successful case of the technical enforcement cf commodity rights

-- and one of far reaching current and future ramifications -- has been

decumented in the exceptionally interesting recent studies of Jean-Pierre

Berlan and Richard Lewontin.28 As Berlan and Lewontin point out, the seed

industry is a prototype case of the commodity rights enfofcement problen:29
Seeda are a apecial kind of factor of preoduction because at leasat

potentially they are reproduced in the production process
itaelf. Thua, in principle, a farmer could produce hia own ased

by withdrawing a small portion of his crop from the market. The
problem for the sesed company 1a to convince the farmer not to do
thia..l

Seed companies could achieve this objective, by
creating seeds that are consumed in the production process: by
providing seeds that are not really seeds in the biological sense
that they are self-reproducing.

Berlan and Lewontin’s compelling analysis of the development of hybrid corn
suggests that it was this non-reproductive characteristic of hybrids, not
higher yields which initially induced the seed companies to develop this
product. John Barton had earlier noted thia admirable characteristic of
hybrids:ao

(Because) ... the seeds of the hybrid crop will not breed true

to type, the farmer cannot effectively reuse the seeds. saa
from the viewpoint of the seed producer, this annual requirement

28. See especially (1986) and (1985).
29. Berlan and Lewontin (15862, p. 785.)

‘30. Barton (1982>, p. 1071,
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for new seeds provides a form of economic protection that is mors
affective than a patent syaten.

The enforcibility of commodity rights in hybrid corn waa not some happy
byproduct of .a research agenda directed solely towardas enhancing yielde.
Donald Jeones, whosa early 20th century research waa critical to the
development of hybridas, underatood exactly what he was doing. Describing the
hybrid variety, he and his co author wrote (in 1919).31

it is something that nmight easily be taken up by seedsmen; in
fact it is the first time in agricultural history that a seedsman
ia enabled to gain the full benefit from a deairable originaticon
of his own...The nan who originates devices to open our boxes of
shoe polish or autogrsph our camera negatives is able to patent
his products and gain the full reward for his inventiveness. The
man who originatea a new plant which may be of incalculable
benefit to the whole country gets nothing... for hia pain, and
the plant can be propogated by anyone. ... The utilization of
firat generation hybrids enablea the originater to keep the

parental types and give out only the crosaed seeda, which are
leas valuable for continued propagation.

Jones had no illusions concerning the superiority of hybrids from the
atandpoint of yielda; moreover recent theoretical research 1mp;ies that
appropriately developed inbred lines will be higher yielding than hybrids.
That the decision to develeop hybrid varieties almost exclusively was not
taken on the basis.of vielda is also suggested by the fact that even after a
decade of intensive research and development the best hybrids were not

' C s 32
outperforming the best open pollinated variesties. If we are to agree with

2vi Griliches, the most noted student of the development of hybrid corn, that

- —— - ——

31. Cited in Berlan and Lewontin (1985).

32. Even comparing the yields of hybrids entered in field trials by breedars
with open pollinated varieties entered by working farmers, the superiority of
the former in the late 1920s was not impressive. Berlan and Lewentin (1983),
p. 23,
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it was "one of the outstanding technological successes of this century," it
may be that unlike Griliches, we should heonor it more as a commodity rights
enforcing technoleogy than as a contribution to agricultural productivity.33

The hybrid corn example mnay be conaiderably more general that it =jight
seemn. Contemporary DNA engineering, notes Barton, could repeat the hybrid
case gquite widely:34

Plausibly, any seed might be designed to make it biologically
imposaible for a farmer to reuse hia crop for seed purposes.
Such an "innate plant patent ayatea" could poae enormcus social
costs in a concentrated industry.

Whether the obstacles to the private appropriation of the gaina to research
and information production are overcome by commrodity rightas enfeorcing
- technologiea or not, theae activitieas will neceaaarily bear the iaprint of
capitaliat inatitutions. Kenneth Arrow’s assessment is now widely
accepted:as

To sum up, we expect a free enterprise economy to underinvest in
invention and research (compared with an ideal) because it 1is
riaky, because the product can be appropriated cnly to a limited
extent, and because of increasing returns in use. ... Further,
to the extent that a firm succeeds in engroassing the economic

value of inventive activity, there will be an under-utilization
of that information aa compared with an ideal allocation.

Conclusion

The case has been made that institutions governing the enforcement of

property rights and other economic claims will influence the development and

33. Zvi Griliches (1958), p.419.
34. Barton (1982), p.l1072.

-35. Kenneth Arrow (1962),p. 619,
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application of technical knowledge; moreover the examples presented suggest
that this influence might be of sufficient empirical importance to warrant
our attention.

That the specifically capitalist nature of the institutional environment --
by contrast, for exampls, to an economy of property owning independent
producers, or worker cocoperativea -- will influence the pattern of technical
choice aeems an uncontroversial inference., While all econcmic aystesa face
the issue of endogenebua clain enforcement, the n#ture of the clain_
enforceant problems will differ; an economy of property owning self-employed
producera would exhibit commodity property righta enforcement problems (and
positive private returna to technologies which effectively minimized these)
but no labor extraction problems, while an economy of worker co operatiives
would face diatinet monitoring problems arizsing frem the joint moniteoring of.
the worker/members of the co opa.

The apparently paradoxical tera “capitalist technology"” thus seenms
appropriate. However, the arguments presented here are quite partiel and
less than fully developed. The dynamic analysis of the types of techical
choice cutlined here -- exploring the long term direction of technical change
along the three dimensiona introduced here, and the manner in which this
evolution is influenced by union bargaining, the evolution of the welfare
state, product market structures, the general spread of higher educatjon and
the expansion of the cohcept of both property rights and personal rights
would enrich the analysis and undoubtedly point to lacunae in the present
formulation of the problem.

Lastly, while I have here focused on the enfercement of claims in the labor

process and in commodity markets, similar considerations apply to credit
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marketa., Thua tecﬁnologies which make the monitoring of management decisionsa
less costly may be prefered by lenders but not by borrowers. Sizilarly
technologies which dictate a high leavel of capital asset specificity in the
sense that the productive equipment has few alternative uses and little
market value once installed will augment claim enforcement costs for lenders
as the firm’s assets will be of little value as collateral. Thus the locus
of control over technical cheoice -~ in lenders, owners, Or nanagers -- may
have aignificant effects on technological evolution whicﬁ in turn will alter
the viability of competing forms of firm organization.
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