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FROM LABOR PROCESS TOACTIVITY THEORY

ABSTRACT

Starting with Braverman (1976), labor proces theary hasbeenaninfluertial school of thought
in the critical analysis of work. However, it hasrecertly lost momentum. One rea®n for this loss of
momentum isitsinahlity to dealwith evidence of along-termupgradng trend in skill requiremerts.
Thisinahlity reaults from the truncatedreadng of Marx thatunderpns labor procestheary. It has
ignoredthe fundamertal contradiction Marx saw betweenthe progressive socializaion of the labor
proces and the perdsternce of captalist profitahility constraints. Activity theary providesa
framework in which we cantracethe various locii of the contradction betweensocializaion ard
profitahlity. | use this framework to analyze the rationalization of software developmert, and show
how socializaion hasbeensimultanecusly stimulated, retarded, and distortedby profitahility
pressures



FROM LABOR PROCESS TOACTIVITY THEORY

As new technologiesarnd new organizational forms proliferate, work is moving backto the
center of organzational resarch(Barley, 1996; Barley and Kunda, 2001). And asinteres in work
grows, so too doesthe corregponding thearetical challenge: how bed canwe apprehend the nature of
work itself and its links to both the orgarnizat onal structure and to the lived experience of work?

This essay returns to the roots of one of the more prominent theariesof work organizaton,
Labor Process Theary (LPT) (see Thompson, 1989; Wardell etal., 1999; Jermier, 1998). Inawgurated
by BravermarDchssicOwork (1976; classic accarding to Burawoy, 1996) and inspiredby Marx,
LPT hasbeenakey influence on critical researchon work around the world. Recertly, however, LPT
hasbeenlosing momertum, in favor of post-modernist strands of theaizing, in particular those
building on the work of Michel Foucaut, where the inspiration comesfrom Nietzsche rather than
Marx.

| argue that one reason for LPTOdo0ss of momertum has beenitsinahility to dealwith an
increasngly discomforting anomaly. LPT is fundamertally incompatible with the growing consersus
that cagitalist development hasbeenassociated not with the O@skillingOtrend predcted by
Braverman, but with atrend towards the upgradng of worker skills and regponsibilities | argue that
LPTOsnahility to accanmodate upgradng is due to the one-sided of its readng of Marx. This essay
proposesanalternative, more dialectical readng of Marx that may help us better undergand the
changing nature of work.

The paper begns with a brief recaptulation of labor proces theary. | then outline the empirical
cas for skill upgradng and show the futility of LPTOsfforts to deal with this Oanmaly.Ol then
propose analtermative readng of Marx ard explicate thatreadng using Activity Theay (as
developedby Engegrom, 1987, 1990; ard discussed by Blacker, 1993; Holt and Morris, 1993). The
body of the paperillustratesthe potertial fruitfulness of this alternative framework through a brief
analysis of the cas of the rationalizaion of softwaredevelopmert. A discussion secion suggeds a
number of implications of this activity-thearetic pergective for number of other streamsof work
reseaich. A conclusion looks towards the future.

LABOR PROCESS THEORY, BRIEFLY

Inspiredby Marx, labor proces theary proposesthat the key to underganding work
organizaton liesin the structure of the broader society within whichit is embedded, ratherthanin
humanpsychology or in the dynamicsof dyadc exchange. Sccial structure, in turn, is seenas
fundamerally determined by the prevailing relations of production N the nature of property rights
over productive reurces Therelations of production charecteristic of cagtalist societiesderive from
the nature of the commodity (the Ogrm,Oor core, of capitalist production: Marx, 1977: 163). The
commodity is something producedfor sale, and assuch hastwo contrad ctory agects: its use-value
its value assomething useful to the purchaser N and its exchange-value N its powerto commard
money in exchange.

As asystemof commodity production, cagtalist relations of production have two main
dimersions. First, ownersip of productive resourcesis dispersed among firmswhich confront each
other ascommodity producersin market competition: call this the Ocafial relation.OSecond,
alongside those who enjoy such ownersip is a class a non-owners who, lacking acces to mears of
production, must sell their capacity to work (Ohbor powerQO)asif it were acommodity on the labor
market call this the Qvage relation.OThese featuresof the cagtalist social structure have strong
implications for the organizaion of work. Under the capital relation, and notwithstanding importart
variations acrass industries regons, periods, and strategies firmsmust reduce costs of production.



Managemen regponsesinclude downward wage pressure, work intersifi cation, work reorganizaton,
techological change, relocation, aswell asefforts to align ownersCand workersCYi nancial interegs.
These reonsesin turn elicit reactons from workers Under the wage relation, anincomplete
contract, workerssell their capacity to work (labor power) atthe going rate, in exchange for the
promise to do whatever they areasked within some zone of indiff ererce; but it is maragemenOs
challenge to extract effective work effort. Piece-rate systemsdo not fundamernally change this, but
merely change the form of the conflict at the heartof the wage-effort bargain (aselucidated by both
Marx and Taylor). Managemert regponsesto this pressure include closer supervision, fi nancial
incertives work rearganization, techol ogical innovations, and normaive control. Firms might
attempt to derive competitive advartage from collaboration with other firmsand with their own
empdoyees but the fundamertally competitive nature of captalist, commodity-basdrelations of
production N both amang firms and betweenmaragemert and workerswithin firmsN threaers
constartly to undermine any such collaboration.

Whereasmore tradtional readngs of Marx N asindeed mary non-Marxist theaiesN give a
key role to technological change asadriver of social change and determinart of work organizaton,
labor process thearists N along with other social constructionists N have beenadamartly opposedto
Oecmological determinism.OMarking it asdistinctively neorather thantradtional in its readng of
Marx, LPT arguesthat attributing a basc causal role to tecmology would be to naturalize the
socially-constructed, historically-specific, captalist relations of production (eg Burawoy, 1979: 14ff,
220). Technology isitself shapedby these relations of production (Noble, 1979).

The netreault for work orgarization, according to labor proces theary, isthat

GControl and cost reduction structure the division of labour, involving the design of work and the
division of tasks and people to give the most effective control and profitability. Thisis sustained
by hierarchical structures and the shaping of appropriate forms of science and technology.O
(Thompson and McHugh, 2002: 367)

Alongside these broad structural featuresof captalist work organizaion, LPT acknowledgesthat
emgprically observedsituations will also reflectahost of local factors specific to firms, markets,
institutional contexts, the ided ogiesof the various acbors, and the history of their interrelations. Labor
proces theary doesnot deny the importance of these local factors, but arguesthatthis variation is
shaped by the deepstructure of capitalist relations of production, and that our theariestherefore
should acknowledge the layeredcausality involved

THE UPGRADING CHALLENGE TO LABOR PROCESS
THEORY

From itsincegion, LPT hasbeencritical of those who claim to seeupgradng trends in work
ard the emergence of Orew paradgmsOin work orgarizaion (eg.: Bell, 1973; Touraine, 1969; Piore
and Salel, 1984; Kernand Schumam, 1984; Mathews, 1994). The first wave of LPT, basedon the
readng of Marx just summarized arguedthat capitalist imperativesof control and cost reduction led
inexoraly to OesillingObfragmerting jobs, reducing skill requiremerts, and redacing worker
auonomy with managemert control. Taylorism wasthus presnted asparadgmaic of cagtalist work
organization. Numeraus studiescompellingly described casgsof deilling in various occupations
(eg. Zimbalist, 1979).

Over the years and confronted with abarrage of counter-examplesand counter-argumerts,
LPT proponerts have nuancedtheir positions N retreaing to anincreasngly narrow Opogrammaiic
coreof theary (Lakatos, 1974). Backing away from deskilling, somelabor process thearists embrace
apolarizaton view, accarding to which some occupations might be upgraded but others presumaby
representing the larger number of workers, aredeskilled and othershave gone further, to a
contingercy view accarding to which outcomesare dependenrt on the state of the class struggle. Most
recerly, LPT hasbeenchallenged by anascendant foucaudianpost-modernsm that hasabandoned
both referencesto Marx ard effortsto idertify long-term trends in skill (e g.: Covaleski, Dirsmith,



Heianand Samuel 1998; Ezzamel and Willmatt, 1998; Knights and Willmott, 1989; seeneo-Marxist
critiquesby Thompson and Smith, 2001, and Tinker, 2002). This new aporoach hasshiftedfocus
from the broader structural feauresof capitalism to aricher portrait of subjectve experience.

One reasn, | submit, for the loss of certrality of LPT and its Marxist premisesis the prima
facia implausibility of its certral claim of deilling. On the neo-Marxist view outlinedabove, itis
inconceivab e that over the longer term ard in the aggregate, job characteristics could have trended
upward. Y etnot only are upgradng counter-examydescomman in the literaure, but the overall
evolution of work organization under capitalism in the lag certury isincreasngly presrtedin
emgrical studiesasone of upgradng (Form, 1987; Attewell, 1987).

Consider, first, the evolution of the occupational distribution of the workforce. Exhibit 1 shows
data on the cas of the U.S. over the 20" certury. Thereare of course, mary diffi cultiesin
interpreting these data, but it is hard not to see in this mutation of the occupational structure the
reflection of anupgradng trend, notally in the massive contraction of the unskilledfarm and non-
farm laborer category, the more recen contracion of the operative category, and the growth of the
professional and tecmical category. (We might note too that many peaple classifiedin the growing
category of maragers and administrators have very little managerial auhority and arguably belong to
the working-class broady construed)

[put Exhibit 1 about here]

How do Marxist-inspiredlabor proces thearists regpond to data such asthes? Braverman
(1974, Ch. 20) articipatedthe most common regonses He suggeded we simply ignore such
occupational data, because (a) they do not recagnize the experience-based skills of farmersand famm
laborers (b) commertators ofteninflate the skills of manufacturing operaives classifying them as
semi-skilledmerely becatse they work with machnery, while classifying laborersasunskilled merely
because they do not; (c) the dataignore the class difference between middle-clas
professional/techical categoriesand the working-class narrowly construed and (d) they mask the
dilution overtimeof skillsin the craft caiegory.

Whilethereis argually sometruth to all these objections, it nevertheless takesa huge effort of
imag nation to seethe shift regsteredin thes statisticsascompatible with anaggregate de<killing
story. Deskilling within each of the occupational categoriesin Exhibit 1 would have had to be
pervasve to outweigh the upgradng effect of the compositional change tracedin the Exhibit Bwhere
in factthe evidence points towards upgrading within most occupations too. Where scholars have been
ableto useindependent measiresof skill such asthe Dictionary of Occupational Titles none has
found evidence of aggregate deskilling a modeg upgrading trend is the almost universal conclusion
(seethe comprehersive review of U.S. studiesby Spenner, 1988.

Secad, consider the average education level of the work force N arguably animportart
indicatbor of skill requiremerts:; it, too, hasincreagd dramaically. The fracion of U.S. 17 year-olds
who had completed high-school grew from 6% in 1900, to 57% in 1950, to over 80% by the end of
the certury. Braverman(1974) suggess we ignore this evidencetoo, since(a) it reflects the demands
of urbanizaton ratherthanindustry; (b) it is biased by the inclusion of non-working-class categories
(c) school is away to keep unemployedyouth off the streess; and (d) mary workergeducation is
under-utilized

Again, these points all have somevalidity; however, despite this huge increa in the supply of
more-educated labor, high-school and college education hascontinuedto yield asizale positive
ecaomic return in the labor market (Goldin and Katz, 1999), and this reault is diffi cult to underdand
unless atleas some of thisincrea® in education levels reflecedincreasng skill requirements rather
thanpure screering and crecertialism (Abramowitz and David, 1996). As Goldin and Katz write, the
maost plausible explanation for this patternis that Oechnol ogical charge and cagital deepering have
both servedto increa® the demard for more-skilledlabor over the long runO(1999: 25-26). A



considerable body of ecanomic reseach hasconsistertly found that captal equipmert and worker
skills arecomplemeris rather than substitutes(Goldin and Katz, 1998).

Faedwith evidence such asthis, it is not surprising that neo-Maxist LPT hasshifted away
from the strong version of the deilling theds advarnced by Braverman A somewhat weaker verson
isexpressedin the polarization thess. Braverman (1974: 425) invoked polarization to show that his
deilling theds wascompatible with anincrea® in average skill levels, by arguing thatthe
caegpriesthat wereupgraded were not truly working-class: OThe mas of workers gain nothing from
the fact that the decline in their commard over the labor proces is more than compersated for by the
increasng commard on the part of maragersand engineerg(1974: 425). Later writersallowedthat
some working-class categoriestoo might experience upgrading, but still wartedto argue thatthe mas
atthe bottom of the skill distribution wasgrowing in sizeand wasfurther degadedin skills. However
the data citedby Spemer (1988) do not support any such polarizaion stories To redrict our vision to
marufacturing for amomert, polarizaton is diffi cult to recancile with Steiger©¢1999) finding that
the proportion of skilledworkersamong production workersincreagd between1950 and 1990 in 16
of 19 marufacturing industries If therehasbeenpolarizaton, it is not because one part of the work
force experienceddeskilling while another part experiencedupgradng, but rather because those atthe
high end of the skill distribution experiencedfaster upgradng thanthose at the low end.

Faedwith evidence such asthis, it is not surprising that neo-Maxist LPT hasshifted away
from broadtrerd gereralizaions towards a contingercy view. Summarizing the contingency view,
Smith and Thompson write:

Q.PT is not dependent on deskilling or Taylorism as the characteristic form of the capitalist labor
process. Its core theory merely recognizes that competitive relations compel capital to constantly
revolutionize the labor process and that within that framework, capital and |abor will contest the

character and consequences of such changesO(Smith and Thompson, 1999: 211).

Comparedto the deilling argument, such a contingercy view is easer to reconcile with the
datajust summarized N but it is harder to reconcile with LPTO®stensible Marxist grounding. It is
one thing to argue that workers sometimessucceedin forcing managemert to upgrace jobs ard
sometimessuccezdin forcing governmert to provide greatr acess to educaton. But the ideathatthe
balance of class power should be so favoralle to workers over such large aggregatesand over such a
long period is diffi cult to reconcile with any theary that would characterize contemporary society as
badcally captalist. If the data do show along-temrm, aggregate upgradng trerd, any theary claiming a
Marxist lineage must attribute primary causality to captalist industryOseedfor skilledlabor.

To date, those who have seenin the data eviderce of broad upgradng trends have usually
distancedthemslvesfrom Marx. Excegtions to this gereralzation are rare: Hirschhorn (1984),
Kemey and Florida (1993), and Engedrom (1987; 1990) are exemgdary. Much of the upgradng
literaure hasoftensimply ignoredthe scandalously large mass of low-skilledworkersthat still
anchors the bottom of the occupational skill distribution. Many write about the long-termtrends they
claim to discernasif this mas were about to disappearovernight. Somerecent champions of the
Olkowledge society,Ofor example, write asif we will all shortly be Ogmbolic aralysts,Owhile, in
realty, low-skilled, routine jobs continue to proliferat (R. Reich, 1991; US Bureau of Census
Statistical Abstract, 2000: 419).

We thus have on the one side a utopian optimism that ends up masing a scardal, and on the
other side a polemical derunciation of this scardal that ssemsunable to acknowledge somebasc
facts. Thereis, however, avergon of MarxDone | call Omleo-MarxistOPthatis eay to reconcile
with both a broad patternof upgradng and a multitude of counter-examplesof deilling. | call this
view paleo not to signal any pejorative connotation N on the contrary, | will arguethatit isthe more
fruitful interpretaion N but simply to signal the fact that it wascommon prior to World War | but
wassubsequertly eclipsed by neo-Marxism. This essay explicatesthat paleopoint of view, arguing
that captalism progressively upgradeswork aspart of the process that Marx calledthe socializaion
of the forcesof production.



READING MARX

LPT, like other theariesthat take inspiration from Marx, takesasits starting point the
proposition that
Qhe development of the contradictions of agiven historical form of production is the only

historical way in which it can be dissolved and then reconstructed on a new basisO(Marx, 1977:
619)

The term GzontradictionOis here usedin a Hegelian sense, to deggnate incompatibilities
betweenrealforcesrather than merely betweenlogical propositions. For LPT and other neo-Marxists,
class struggle is the motor of history, and the developmert of the contrad ctions of cagtalism consists
of intersifiedworker strugglesin reaction to exacebated exploitation and misery. The more
tradtional readng of Marx N the paleo-Marxist view N seesthe basc contradiction asbeing
betweenthe forcesand the relations of production. The forcesof production are composed of
techology in the form of instrumerts and materials, and workersproductive facuties the relations
of production, asdiscussedabove, arethe relations of ownership and control overthe productive
forces

The paleo-Marxist readng accegs all of the elemerts of labor proces theary laid out in the
earferexposition N with the exception of the dismissal of techology asanimportart causal factor,
and asareallt, comesto adifferert conclusion regarding the vector of change in work organizaion.
(My exposition of the paleoreadng is bassdon G.A. CohenDg1978) presertation of MarxOsheary
of history. CohenDwersion of Marx hasbeencriticizedby, amongst others Levine ard Wright
(1980), and J. Cohen (1982); seeG. A. CohenDg1988) reply, also Wright, Levine and Scber (1992).
This essay takesG. A. CoherQOsnterpretation from the gereral societal plare into the production
proces.)

On the paleoview, the long-tem path of developmert of the class struggle is determined by
the evolution of the underlying contrad ction betweenthe OscializaionOterndercy of the forcesof
production and the persistence of private-property based relations of production (Engels, 1978).
Sceializaion is commaonly construedasthe process wherely peaple new to a culture intermalize its
norms MarxOsuse is broader. MarxOsliscussion of the socializaion of the forces of production (eg.:
Marx, 1973: 705; 1977: 1024) (asdistinct from his argumertsin favor of the socialization of property
relations through nationalizations) suggeds thatthis psychological intermalizaion is just one form of
amore gereral phernomenon: the forcesof production are socializedinsofar asthey come to emtody
the capahilitiesand constraints developedin the larger society rather thanonly those that emerge from
isolated, local contexts.

The OdjeciveOsocialization of the forcesof production is visible atthe societal level in the
complexification of the social division of labor N the specialization of industriesand regons, and
their increasng global interdependence (see also vander Pijl, 1998, Schn-Rethel, 1978; Engels,
1978). At the erterprise level N wheresocietyOdorcesof production are instartiated asspecifi ¢ labor
procesesN objective socializaion wascharacterized by Engels (1978: 702) in these tems

(Before capitalist production. i.e. in the Middle Ages. [E] the instruments of labor Bland,
agricultural implements, the workshop, the tool Bwere the instruments of labor of single
individuals, adapted for the use of one worker [E The bourgeoisie transformed these productive
forces] from means of production of the individual into socia/ means of production, workable
only by a collectivity of men. The spinning-wheel, the hand-loom, the blacksmith® hammer were
replaced by the spinning-machine, the power-loom, the steam-hammer; the individual workshop,
by the factory, implying the cooperation of hundreds and thousands of workmen. In like manner,
production itself changed from aseries of individual into a series of social acts.O

To these OdjectiveCdimensions of socializaion corregponds a subjecive dimension -- to
reprise the convertional mearing of socialization, and indeed to recover animportart intersection
betweenpaleo-Marxism and the foucaddian arguments about idertity and subjecivity. Whenthe
effective subjectof production is no longer anindividual worker but the Octlecive worker,0



workergidertitieschange Dworkersarere-socialized (Recal thatin MarxOsiew humannatureis
nothing but Ohe ernsemHbe of the social relationsO-- Marx, 1975: 423.) Scocialization in this subjecive
serse canbe undergood asthe emergence of more Onterdependent self-construalsO(M arkus and
Kitayama, 1991). The civilizing mission of captalism is not only to stimulate enormously the
guartitative developmert of the objectve componernts of the forcesof production, but also to take a
decisive stepin the reaization of humarkindOsundamertally social nature:

QWhen the worker cooperates in aplanned way with others, he strips off the fetters of his
individuality, and develop the capabilities of his speciesO(Marx, 1977: 447)
The Communist Manifesto is eloquert on this interweaving of objective and subjecive agects
of socializaion:

Orhe bourgeoisie, historically, has played a most revolutionary part. The bourgeoisie, wherever it
has got the upper hand, has put an end to all feudal, patriarchal, idyllic relations. El n place of the
old local and national seclusion and self-sufficiency, we have intercourse in every direction,
universal interdependence. E And as in material, so in intellectual production. The intellectual
creations of individual nations become common property. National one-sidedness and narrow-
mindedness become more and more impossibleE  The bourgeoisie E  has rescued a considerable
part of the population from the idiocy of rural life. E The bourgeoisie cannot exist without
constantly revolutionizing the instruments of production. E [W]ith the development of industry,
the proletariat not only increases in numbers; it becomes more concentrated in greater masses, its
strength grows, and it feels that strength moreE .Thereupon the workers begin to form
combinations (trade unions)E. Now and then the workers are victorious, but only for atime. The
real fruit of their battles lies not in the immediate result, but in the ever-expanding union of the
workers. The union is helped on by the improved means of communication that are created by
modern industry and that place the workers of different localities in contact with one anotherE.
The advance of industry, whose involuntary promoter is the bourgeoisie, replaces the isolation of
laborers, due to competition, by their revolutionary combination, due to associationE . What the
bourgeoisie, therefore, produces, above all, isits gravediggersO(Marx and Engel's, 1959)

The development of the forcesof production pulls workersout of what Marx and Engels call
Orual idiocy.OIn the Poverty of Philosophy, Marx similarly celebratesthe end of Ocaft idiocy.O
MarxOsise of the termidiocy preservesboth its colloguial sense and the mearing from the Greek
idiotes, denoting anasocial individual isolated from the polis. At the opposite end of the spectum
from the idiotes Din the form of the unskilled worker or the craftsman-- is the Oscial individualO
decribed by the Grundrisse Din the form of the technicianwho accessesand depoys societyOs
accunulatedscientific and tecmological knowledge:
Qo the degree that large industry develops...it is neither the direct human labor he himself
performs, nor the time during which he works, but rather the appropriation of his own general
productive power, his understanding of nature and his mastery over it by virtue of his presence as
asocial body -- itis, in aword, the development of the social individual which appears as the
great foundation-stone of production and of wealth.O(Marx, 1973: 704-706)

Under capitalism, this socialization tenrdercy is simultanecusly stimulated, retarded, ard
distorted by the prevailing relations of production. Competitive pressuresforcefirmsto break down
parcchialismsand to stimulate technological progress; but insteadof a broadening association of
producersprogressively magering their collective future, cagtalism imposesthe coercion of quas-
natural laws of the market over firmsand the degpotism of corporate bureaicracy over workers. The
limitations on collective magery that result from the dominance of the marketover firmsarevisible
in captalismOsnahility to marage public goods and exterralities The limitations resulting from the
degpotic auhority of managersover workerswithin firmsisvisible in the Sisypheannature of
corporate humanresource maragemert strategesN condemredto futility by the cagtalist firmOs
needfor workers who aresimultaneausly dependalde and disposable (Hyman 1987). These
handicaps becaneincreasngly intoleralle fetters on social development with the increasng
complexity of technology and the growing knowledge-intersity of the ecanomy (Adler, 2001).



However, in the overal dynamicsof capitalism, these various constraints must and do slowly
ceckto the overall progress of socializaton. In modernindustry, competitive advartage oftenfl ows
from skill upgradng and from greatr callaborative interdependence within and betweenfirms The
pursit of those sourcesof competitive advartage makes cagtalists the Onvoluntary promotersOof
socializaion Bto use the phrase quotedabove from the Communist Manifego (seeCohen, 1978;
Levine and Wright, 1980). Amongst workers the overall, long-term, aggregate effectb MarxOsogic
encouragesus to conjecture Disto foster upgrading: greaerintellectual sophistication and broader
worldviews.

As areallt of the perdstence of cagtalist relations of production, the path of socialization, both
objectve and subjective, is halting and uneven Globalizaton integatesmarkets, but by whipsawing
regons against each other. Management mobilizesthe callectve worker, but thenfinds profits
deperdent on savage downsizing and outsourcing. Thereis along-termupgradng trerd, but firms
oftenfind the low road of dekilling and super-exploitation too temging. We should also note that
under cagtalist conditions, evenprogressive change has social costs: astechnologiesadvance and
markets integrate, workers oftenbearthe burders of structural unemgdoymert; old union craftsmen
areoftenpittedagainst young nonunion tecmicians; contracing-out and globalizaton often
undermine old solidarities

In amalyzing the evolution of skill and work orgarization, LPT hastruncatedthis dialecic.
According to Mar, the production proces within captalist firmshastwo agects (refl ecing the two
aect of the commadity): the labor process, in which workers tools, and matrials are combinedto
creak new use-values and the valorization process, in whichthese use-valuesappear in the form of
exchange-values ard in which the operative consideraions arenot technical but monetary -- wages
cagtal, and profit (Marx, 1977: Appendix; Thompson, 1989; Bottomore, 1983: 267-270). How then
should we undergard the relations betweenthese two aspects of production? Marx writes

Qf capitalist direction [of work] is thus twofold in content, owing to the twofold nature of the
process of production which has to be directed -- on the one hand a social Iabor process for the
creation of a product, and on the other hand capital @ process of valorization -- in form it is purely
despoticO(Marx, 1977: 450)
Neo-Marxist LPT interprets this passage to meanthat the historical developmert of captalist work
organization reflects above all the balance of class forces-- degotism veraus resstarnce. Pako
Marxists, by contrad, recall thatin Maer~)9-|egeIian discourse, content and form canbein
contrad ction with eachother. The paleoreadng of this passage thus highlights the growing
contradction betweenanincreasngly socializedlabor process (the contert) and the barriersposedto
further socializaton by the perdstence of valorizaton constraints (the form).

The following sections develop and depoy an Activity Theary framework for understanding
the socialization of the labor process and its dialectical contradction with capitalist property relations.
My argumert isthatthes paleo-Marxist Activity Theary lensesare useful for studying work and its
history because they emabe us to grag the significarce of arealbut uneventrerd of upgradng asa
reflection of the deeped contradctions of cagtalism. This viewpoint allows usto gragp the
contrad ctions that beset capitalist maragemert, and to gragp themin a surprisingly intuitive way. on
the one hand, maragemen need and cultivatesthe productive power of the collectve worker,and on
the other, mamagemert limits this development due to pressuresof corporate profitahility.

AN ACTIVITY THEORY FRAMEWORK

If our task isto undergand work ard itsrelation to organizaion structure and to lived
experience, MarxOsnodel of the labor process providesa fruitful starting point. The main elemerts of
the labor process are, according to Marx, O() purposeful acivity, thatis work itself, (2) the objecton
which that work is performed and (3) the instrumerts of that workO(Marx, 1977: 284). Like Cohen
(1978: Ch. 3), | take the first elemert to refer more specificaly to the workerOgroductive
cambhlities | also make one further amerdmert by diff erertiating a fourth elemert: the community
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within which the worker works and which sharesthe objectof that work. The reaulting model is
summaizedin Exhibit 2. (It canbe readasa stripped down vergon of the model proposed by
Engegrom, 1987, 1990, and discussed by Blackler, 1993; Holt and Morris, 1993).

[put Exhibit 2 about here]

Same commerts will help situate this model. Taking asa basline the more common schemain
psychology, in which objectand subjectappearalone, as stimulus and regonse, note, first, that for
Marx, humanacivity istool-medated actvity -- where tools include both material tools such as
hammersand symbolic onessuch aslanguage and concepts (Vygotsky, 1962, 1978). Secand, the
appropriate unit of analysis for the study of work is not the quad-auomaic reflex operation, nor the
discrete, goal-orierted, individual action, but rather the activity underdood asa mativated collecive
endeawr. And in such collecive acivity, the subjectOselation to the objectis medated not only by
tools but also by community (LeontOey1978). Third, in MarxOsanalysis, the OdjectOof work (in
German Gegenstand) includesboth of the dictionary serses the matrial on which the work is
performed(in Geman Objekt) and the intended goal of the activity. With this notion, Marx attempts
to overcame both simplistic materialism Dwhich accads insuffi cient placeto intertionality in
shaping the objectband classical idealsm B which accords insuffi ciert recognition to the obdurate
nature of the obj eclf)snateriality (Marx, 1959: 243; Engegrom, 1987; Foot, 2002).

Exhibit 2 is amodel of what Marx calls Opoduction in gereralO(Marx, 1973: 85): it is trans-
historical insofar asit doesnot acknowledge any more historicaly-specific, GconcreeO
determinations. Since we arehere trying to develop atheary of captalist work organzation, the most
badc of these relevart to our presen tak are the determinations characteristic of the captalist form
of society. Of thes latter, most fundamertal is the contrad ction between use-value and exchange-
value of which the commaodity isthe gem. This contradiction is refleciedin each of the elemerts of
the labor process. The objectof work is both the creation of useful things (use-valueg and the
gereraion of profit (exchange-value). Tools and community areboth mears of technical
accanplishmert and mears of extracting useful labor from potertially recalcitrart labor-power. The
workeris simultaneously a creatve member of the collecive worker and a disposal e, variabe-cost,
budgetitemunder anotherO<ontrol. More gereraly, viewed asuse-value, eachelemert participates
in the socialization process; viewed asexchange-value, eachis subordinate to the valorization
procesOgprofit imperative. In the neo-Marxist view, these contradctions are only virtual, sincethe
use-value content disappearsbehind its exchange-value form; but in the paleoview, these
contradictions arereal, driving the evolution of work orgarizaion. The following section illustrates
the potertial fruitfulness of thearizing work orgarization though such lerses

A CASE: SOFTWARE DEVELOPMENT

As softwarehasgrown more complex over the pas few decadks the software developmert
proces hasslid into chacs (Gibbs, 1994; Liebermanand Fry, 2001). One 1994 survey of 8,330
projectsin 365 firmsin barking, marufacturing, retail, wholesale, healthcare insurance,ard
govermmert found thatonly 16% of project were on time, within budget, and met originally specffied
recquiremerts N only 9% in large comparies Some31% of projects were OmpairedOard evertually
carcelled Approximately 53% of projects werehallengedOard the average challenged project met
only 61% of its requiremerts. The average impaired or challenged projectwas189% over budget ard
222% over schedule (Standish Group, 1994).

It istherefare not surprising that over this same period, the softwarefi eld hasbeenthe object of
numeraus rationalizaion efforts (Cusumarp, 1991; Swanson etal, 1991; Griss, 1993: Weber, 1997;
Friedmanand Cornford, 1989). Examgdesinclude structured programming, project plaming models,
informaion engineeing, and objectoriented programming. Currertly, one of the most influertial of
thes effortsis that based on the OGipakility Maturity ModelO(CMM) (see Sdotware Engineering
Institute, 2002). (I leawe for another occadon discussion of other linesof evolution in the software
field.)
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The CMM owesits birth to the U.S. Departmert of DeferseOsncreasng frustration with chacs
in deferse systemssoftware developmert (Humphrey, 2002). The Departmert of Defense (DoD)
fundedthe Sdtware Engineering Institute (SEl), based at Carnege-Mellon Universty, to develop a
model of amorereliabe developmert process. With the assistance of the MITRE Corporation and
with input from nearly 1000 industry people, SEI releasdthe CMM in 1991. The model B
summaizedin Exhibit 3 -- distinguishesfive successively more OnatureQ evels of process capability,
eachcharactkerized by magery of anumber of Key Process Areas(KPAS). Level 1 represerts an
ertirely adhoc aporoach. Level 2 represerts the rationalization of the maragemert of individual
project. Level 3 characterizesthe systematic maragement of its portfolio of projecs. Levels 4
addressesthe quartifi cation of the development process. Level 5 addressesthe continuous
improvemert of that process. The underlying philosophy of this hieracchy wasinspiredby CrosbyOs
(1979) TQM approachto quality in marufacturing (Humphrey, 2002).

[put Exhibit 3 about here]

The CMM hasbecamethe bass for numeraus softwareservice organ zaionsQ mprovemert
efforts in both the goverrment and commercial sectors. Its diffusion hasbeendrivenin considerabe
measire by its use in sourcing decisions by the DoD and other governmert and commercial-secior
organizatons. The first sourcing evaluations pressed suppliersto reach Level 2, but by the late 1990s,
the bar hadbeenraisedto Level 3.

Accumulating evidence suggeds that moving up the CMM hierarchy leads to improvemensin
product cost, quality, and timeliness (Clark, 1999; Harter, Krishnan, Slaughter, 2000; Krishnan,
Kriebel, Kekre, Mukhopachyay, 2000; Herbsleb, Zubrow, Goldenson, Hayes Pauk, 1997). But many
skepticsremain unconvinced(eg. Crocca,1992; Bach 1994, 1995; Conrad and Fuggetta, 2002;
Lynn, 1991; Ngwenyamaand Nielson, 2003). Gains may be specffi ¢ to the sampled organizaions.
They may be earned at the expense of developer morale and commitmert, and giventhe importarce
of developerattitudesto performarce, ary performance gains may therefore be ephemeral Typical
of opposition to such standardzedand formalizedmethodol ogiesis this assessmert by two well-
regpected softwaremanagemert experts:

QDf course, if your people aren® smart enough to think their way through their work, the work
will fail. No Methodology will help. Worse still, Methodologies can do grievous damage to
effortsin which people are fully competent. They do this by trying to force the work into a fixed
mold that guarantees a morass of paperwork, a paucity of methods, an absence of responsibility,
and ageneral loss of motivation.O(DeMarco and Lister, 1987, p. 116)

Most LPT resarchon thes kinds of efforts to rationalize software developmert has
interpreted them asmechanisms of exploitative control (Kraft, 1977; Greenbaum, 1979; Friedman
and Cornford, 1989; Prasd, 1998). Kraft (1977: 61) summarizesthe analysis this way.

GCanned programs, structured programming, and modularization are designed to make the
supervision of software workers by managers easier and more like the supervision of other

workersES uch managerial techniques have made possible the use of relatively less skilled
programmers for what were formerly the most complex software tasks.O

Sameof the more recent LPT research on software hasnuancedthis amalysis, moving closerto a
contingercy view (Greerbaum, 1998; Beirne etal., 1998).

To explore the impact of the CMM, | studiedalarge software consulting firm | will call GCC,
conducting interviews with developersand maragers in four programs (a program is an
organizatonal unit devotedto a seriesof projects with asingle large customer) (see Adler, 2003).
These programsall developed and maintainedrelatively large-scale systemsfor governmert clierts.
Two programswere at CMM Lewvel 5: Program A, which had recertly downsizeddue to changing
cliert needs from 1600 to 450 peaple, and Program C, with 450 peagple. Two sister programs wereat
Level 3: Program B with 215 peaple, and Program D with 470. In late 1999, | interviewed between 15
and 22 peaple atvarious hierarchical levels and in various functions in eachof these four programs.
(Note: for simplicity, | will refer to all emdoyeesdirecty involvedwith software developmert B
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specifying customer requiremerts, programming, teging PasOavelopersOto distinguish themfrom
support staff in Quality Assurance and other such functions, and from supervisors and maragers)
Interviews laged approximately one hour. They were tape-recaded and intervieweeswere assured
anonymity. The recordings were transcribed, and edted verdsons were sert backto intervieweesfor
review and correction. | also consulted voluminous internal documertation from eachof these
programsaswell asdocumerts from corporate ertitiessupporting them.

Sodalization of the development process

Tradtionally, atthe lowed levels of proces maturity, developerserjoyed considerable
auonomy, tak variety, ard tak idertity. Greerbaum (1979: 64-4) quotesa veteranprogrammer thus:
Q remember that in the fifties and early sixties | was a Qack of all trades.OAs a programmer | got
to deal with the whole process. | would think through a problem, talk to the clients, write my own
code, and operate the machine. | loved it N particularly the chance to see something through
from beginning to end.O

The labor proceseswithin which developersworked werelargely local. Kraft (1977: 56)
writesof this period: GPragrammers(and aralysts) followed alogic and procecireswhich were
largely of their own making,OBeing tacit rather than codifi ed, tools werediffi cult to communicate
acress localesand skills were not eadly transferable. Working knowledge wasin these sensesprivate
rather than social. As one of GreerbaumOsntervieweesput it:

No one knew what was going on N certainly not the managers. But even the programmers and
systems analysts were confused. There were no standards for doing anything N coding, testing,
documenting N they were all done the way each person felt like it, or in fact, they were not done
at all. [...] Programmers never documented what it was their program was to do. It was the same
with setting up testing procedures and test data. When the whole system was put together, we
never knew if it really worked because nothing got written down.O(Greenbaum, 1979: 73-7)

At higherlevels of process maturity, developers were embeddedin larger social aggregates
and encountered pre-specified methods that were the fruit of a complex, organzed, large-scale
proces developmert effort. Tools, matrials, community, and skills wereno longer naturally
emegen phenomera groundedin local experience. They were formalizedand standardzed
Developerswereaware that their effectiveness wasthe not only the reault of their own individual
effort and skill and of informally sharedtricks of the trade, but also and increasngly the reault of this
social, rather than private, accumulation of working knowledge:

Q came from abackground in industrial process computers and the organization | worked for was
much less structured in how they handled all this. The process was basicaly just define the
requirements, write the code, then do afinal test. Apart from that, you were basically on your
own. Here the processes tell you alot more about how to do thework. [...] Previously, it was
more like a Mand-me-downON you learned how to do your work with some help from other
people on the job, or just by yourself.O(B: development)

At first, this socializaion took a form mary developersexperiencedasalienating, coercive,
bureaicratic authority. Discussing the Military Standards for software quality control that comeinto
forcein the mid-1980s, one veterannotedthat OMilitary Stardard] 2167A wassupposedto make
coding ano-brainerQ(D: developmert marager). In the civilianProgram A too, the initial experience
with process wastop-down, orierted to conformarce, and Omet maragersfelt thatit wasjust a
mater of ensuring that peaple wereimplemerting itO(A: program marager).

By the time of my study a decadk or more later, the Level 5 Programs had pushedthe
socializaion of the production proces considerally further, both in its extert and itsform. Theterm
OsftwareprocesOwasnow usedto referto awhole hieraichy of standard operating procedures from
OPtciesDdefining broad, corporate requiremerts down to OlrstructionsOdefi ning individual taks.
The OganularityOof process atits fined levels canbe gauged by the Instructions at one of the Level 5
programs Program C. There were separate Instructions that covered high-level desgn, two typesof
low-level desgn, two typesof codereviews, one for teging, aswell asinstructions for filling out
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Change Requed Implemertation formsand Root Cause Analysis forms. Each Instruction wasseveral
pagesin length. They oftenincludedthe specific formsto be completedaswell asflow-charts
defailing the sequence of associatedtasks. Overall, the proces documertation summedto some eight
linearfeet of shelf space. In recert years almast all of this documertation had beenput on-line, along
with a host of other maragemert information and communicaton tools. Presribed work-flows were
being built into automated documert routing systems

If the documenrtation that developerswererequiredto readwasvoluminous, so too wasthe
documertation that they wererequiredto write. In the words of one interviewee (perhaps
exaggeraing for dramatic effect):

Q can write the code in two hours, but then | have spend two days documenting it! It can be very
frustrating. We have to document check-in and check-out, a detail design plan, a development
plan. We have to print out all the differences between the old and the new code. ThereG
documentation for inspection and certification. There( an internal software delivery form. A test
plan. And all these need to be signed. [E] | used to be an independent developer for about three
years. | never even created a flow-chart of my work! The only documentation | needed was a Go
dodlist. So | had to change of lot of habits when | got here.O(B: development)

Over the previous decade, the socialization of the developmert process had also takena
progressively more enaling form. Interdependence was no longer a function of bureawcratically
imposedauthority but experiencedascollaboration within the collective worker:

QWhere | used to work before | came to GCC, the development process was entirely up to me and
my manager. What | did, when | did it, what it was going to look like when it was done, and so
forth, was all up to me. It was very informal. Here everything is very different. 1t3 much more
rigid. 1t& much more formal. A lot of people lay out the schedule, the entire functionality, and
what 1®n going to be accountable for N before | even get involved. [E]

When | got here | was kind of shocked. Right off, it was GHere are your Instructions.0&0 what
does this tell me?0Qt tells you how to do your job.Ql thought | was bringing the know-how 1@
need to do my job. But sure enough, you open up the Instructions, and they tell you how to do
your job: how to lay the code out, where on the form to write a change request number, and so
on. | was shocked.

But | can see the need now. Now I®n just one of 30 or 40 other people who may need to work
on this code, so we need a change request number that everyone can use to identify it. It certainly
feelsrestrictive at first. They explained the Instructions and the whole Program C processto usin
our orientation seminar, but it® hard to see the value of it until youQe been around awhile. Now
| can see that it makes things much easier in the long run.

| hate to say it. As adeveloper, |n pretty alergic to all this paperwork. 1t3 so time-
consuming. But it does help. Y ou@e got to keep in mind, too, that by the time we see the
Instructions, they@e been through alot of revision and refinement. So they®e pretty much on
target.O(C: development)

Sceializaion wasvisiblein all four elements of the labor process, asdiscussedin the following
subsectons.

Tools. Formalizedprocess created a common vocabulary Bakey tool for collaboration:

QOnalLeve 1 organization, one without acommon process, even one where therewas a lot of
goodwill between the functions, they wouldn@ have the common vocabulary, or common
definitions of key tasks, and everything would be subject to conflicting interpretation, so people
would be fumbling in the dark. A common process greatly simplifies things.O(C: project
manager)

Memory hadbecame objecifiedand callecive, augmenting the stock of availabe tools:
(Process gives people access to assets from prior work N for estimation, for standards and
procedures, and for lessons learned. In our asset library, we keep the standards and procedures of

all our projects, and project managers refer back to these to use as templates. We encourage
people to share and borrow.O(A: quality assurance)
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Orake for example our internal software delivery procedure. At first, developers thought that this
was just more burdensome paperwork. But soon they found it was a great memory system.O(B:
quality assurance)

The formalizedproces wasseenasan emhbing tool to the extert it leveragedsimilarities
acraess projects for more effective work:

(E]ven when tasks are more innovative, you can still get alot of advantage from process. Y ou
need to sit down and list the features you want in the system, and then work out which are similar
and which are different from your previous work. And you need to make sure the differences are
real ones. Youd discover that even in very innovative projects, most of the tasks are ones you@e
done many times before. Then, for the tasks that are truly novel, you can still leverage your prior
experience by identifying somewhat related tasks and defining appropriate guidelines based on
those similarities. They won@ be precise instructions of the kind youdl have for the truly
repetitive work: but these guidelines can be a very useful way to bring your experience to bear on
the creative parts of the work.O(B: testing, formerly with A).

Statistical process control tools were usedto systematicaly improve the process:

QWe used to be agroup of hackers. If wel@ have had to rebuild a system, we simply wouldn@®
have been able to do it because we wouldn® have had the documents. WeQe come along way
from that! Now we function according to adefined process and we collect data on ourselves so
we can do defect causal analysis to drive continuous improvement.O(A: quality assurance)

All four typesof tools weredistinctive in being the fruit of a socializeddevelopmert proces
ratherthanlocally emergert.

The CMM also functionedasakind of tool: in EngegromOsgeminology, the CMM functioned
asa Omoe advanced modelOof software developmert that wasusedto guide improvemert efforts. As
such, the CMM too represerted a highly socializedtool, insofar asit wasseenasan Ondustry-
validated approachOrather than merely alocal initiative:

O'he CMM is helping us move ahead. Just to take an example, even if the CMM didn® exist we
would need atechnology change management process [aLevel 5 KPA]. Of our 450 people, we
have about 50 peoplein CM, QA, and data management. To move them from one process to
another is sometimes like herding cats! The CMM helps us in that by providing an industry-
vaidated approach.O(C: program manager)

Object. The objectof work wasbrought into clearer focus and stahilizedby the callective
discipline of the proces:

QDur policies and procedures mean that | have better information on what we@de trying to do
because we have better requirements documents and better information on how to do it with
Instructions etc. At Level 5 versus Level 1, |®n more confident we®e all playing to the same
sheet of music. Looking across the organization, process also means that managers understand
better the way the whole system works, so they are all playing the same game.O(C: development
manager)

The objectwasexpanded socially and temporally to include other pegple who would work on
the software:

Q think that our process N and even the paperwork part of it N is basically agood thing. My
documentation is going to help the next person working on this code, either for testing or
maintenance. And vice versawhen |®n on the receiving end.O(C: development)

The objectwasalso expardedtechnically: the process itself became an object of developers)
work:

(Perhaps the biggest change as weQve become more process mature is that it makes everyone
more interested in process improvement. Take an example: now 1 working on anew software
utility. Top management asked us to evaluate it, to see if we should all useit. So |Qe been
facilitating a series of meetings with all the managers, where everyone is talking about the
utilities they are using and the problems they@e having. 113 been great to see this kind of
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problem-solving work going on. That® the effect of having a defined technology change
management process [a CMM Level 5 KPA]. CMM got this process going for us.O(D: logistics)

Community. Praces maturity also brought greater rationality, both formal and substartive, to
the structuring of the callectve worker, in threesets of relations: staff/line, horizontal, and vertical.

With process maturity, new staff functions such asConfiguration Management and Process
Engineerng emerged, and new line/staff relations werecreated Quality Assurance (QA) illustrates
the new relations. In the pag, QA wasoftenremote from the daily work of developers, arriving on the
scere atthe erd of the work cycle to inspectthe output. QAOsole evolved with process maturity to
(a) agreakr focus on process quality rather thanonly product quality, (b) greater regponsihility for
infusing proces rather thanonly auditing it, and (c) a closerand more collaborative relation with the
line departmerts:

GRA isnot apoliceman! QA isthere to help the project identify the processes you need, tailor
existing ones to your needs, learn that process, and do a check to see if you@e using it. If | find a
problem, it@ my job to help the project work out how to address it and how | can help.O(B:
quality assurance)

In the communityOsorizontal relations, greaer specializaion wert hand in hand with more
systematc coordination and integration:

(Process means that people play more specialized, defined roles, but also that these specialists get
involved earlier and longer as contributors to other people® tasks. If we analyzed the way a coder
uses their time, and compared it with comparable data from, say, 15 years ago, we@ find the
coder doing less coding because of more automated tools. They@ be spending more time
documenting their code, both as it was being built and afterwardsin usersOguides. They@ be
spending more time in peer reviews. And they@ be spending more time in design meetings and
test plan meetings. Asfor testers[E] now the testers are more involved in system concept
definition and requirement definition activities.O(A: quality assurance)

Organizaton-wide processesof coordination were macde more visible:
O\ well-defined process gives you akind of map of the whole enterprise.O(B: quality assurance)

Orhe overall process is more intelligible now. All the organization charts, the people, the
processes and documents, and the minutes of various groups are on the website.O(C: program
manager)

The cadllective worker expanded to encompass the client organizaton:

Orhere® agreat focus now on GccountabilityGall through the system. We are expected to be
more aggressive in pushing back when things are inconsistent with our processes. And that goes
down to our project managers. Instead of simply supporting our customer management
counterparts, the project managers have to be willing to push back. That® changed the tone of
some of our monthly unit review meetings with the customer. This culture change goes right
down to the staff. In general, we try to buffer the staff from these issues, but if they get
instructions that violate our processes, they have to push back t00.O(C: program manager)

In the communityOwsertical structuring, formalizedprocess meart that the parochial concerns
of subgroups and individuals and the reaulting conflicts weredrawn into the open. These concerns
becanethe objects of callectve scrutiny and thus less covert

QWe say it@& important to document software errors, but that® hard to sell. Developers are used to
just doing the corrections, and the testers hate the documentation too. But we try to sell the testers
on this by explaining that this way they can get credit for the problems they find. And we try to
explain to them that if we document the errors, we can track them, and if errors recur, we can find
root causes. That will help us convince the developers for example, that a given module has too
many problems. When it@ documented, it® less personal, and it helps the dialogue with the
developers. But you also have to ensure that managers won® use the data punitively.O(B: testing,
formerly with A)

Q think formalized process and metrics can give autocratic managers aclub. But it also gives
subordinates training and understanding, so it makes the organization |ess dependent on that



16

manager: he can be replaced more easily. Before | came to GCC, | worked for one of the most
autocratic managers you can find. It was always, @\nd | want that report on my desk by 5 p.m.
today,Owith no explanation or rationale. Compared to that kind of situation, an organization with
amore mature process leaves a lot less room for a manager to arbitrarily dictate how you should
work and when work is due. And a more mature process also means that there are more formal
review points, so any arbitrary autocratic behavior by a manager will become visible pretty
quickly.O(D: quality assurance)

At higherlevels of process maturity, formal procedureswere more numerous, but developers
had more opportunity to participate in defining and refining them. Through a formalized Orailoring
Cycle Osoftware developmert standards and procedures (OS PsOof which therewere over 100 at
Program A) weremodifiedfor eachprojectwith the participation of the developers themslves

(People have to be a part of defining the process. We always say that GPeople support what they
help create.OThat@ why the Tailoring Cycle is so important. As a project manager, you®e too far
away from the technical work to define the S& Ps yourself, so you have to involve the experts.

Y ou don® need everyone involved, but you do need your key people. 1t& only by involving them
that you can be confident you have good S& Ps that have credibility in the eyes of their peers.O
(A: project manager)

QWhen S& Ps are chosen for aproject, the rule is that they have to be sent out to everyone
affected for review. And sometimes we give some pretty negative feedback! | remember | wrote
on one draft, ey, youQe forgotten to tell us how to get out of bed in the morning and how to
brush our teeth! Ot was way too detailed and rigid. Those kinds of things get shot down pretty
quickly. Over aperiod of years, people learned how to write procedures that were reasonable for
our work environment. [...]

When | managed software development on one of our bigger projects, | asked all our software
developers to help me tailor our S& Ps. The GCC people knew the drill, but we also had some
other contractors working on this with us[...] and they would say, Mo, just tell me how you want
usto do this.OAbout ayear into the project, | remember one of the contractors who had
complained the most about this extrawork coming to me to thank me, saying, @f you®@ have
written these, | would have just ignored them. But since | helped write them, |Qe felt duty bound
to follow them.@(A: development)

The Tailoring Cycle wasnot the only vehicle for participation in process definition. In
Programs C and D, Sdtware Engineering Process Groups (SEPGSs) also servedthis purpose. In recert
years the SEPGs had put increasng weight on encouraging suggestions for proces improvemert
from lower-level staff. Moreover, mary departmertsin all four programs had proces improvemert
teams Whereasthese teamswere sparse and temporary in the two less mature programs they were
ubiquitous and on-going in the two more mature programs.

Workers. Process encourageda shift from atradtional form of training N apprerticesip N
towards something more systematc. Apprerticesip isamode of learring thatis appropriate and
necesary whenknowledge is the local, tacit, private property of the artisan-craftsman (seefor
exampde Sacks, 1994; Lave, 1988). A more socialized production proces relieson forms of
knowledge that are more codified and on forms of training that canthus be more rationalized Going
backa couple of decaces thistransformaion began with the shift to formal university training
requirements for developmert jobs; more recenly, under the pressure of CMM, the trarsformation
continuedwith the further rationalization of the acquisition of firm-specific skills:

QVveQre developed aformal mentoring program. There® a checklist of the key processes
everyone needs understand, and every new person is assigned a mentor whose job it is to explain
each of these in turn. The checklist is audited by QA.O(A: testing)

QWe had an informal training and mentoring program, and when we got serious about the CMM,
wewrote it down. Writing the process down has had some great benefits. 1t made us think
about how we work, and that@ led to improvements. For example, formalizing the training
program has helped bring some outliers into conformance.O(C: training)
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Through its multiple effects on the other elemerts of the labor process, process maturity ledto
achanged subjecive idertity among developers N towards a more interdependert self-construal
(Markus and Kitayama, 1995). The callective worker wasnot longer merely objecive, but now also a
livedreaity. What matteredto these professionalsOself-eseemard idertity wasnow not so much
their individual efficacyastheir collecive efficacy (Bandura, 1997; Gibson and Earley, n.d.). In my
interviews, QveQterdedto repdaceODasthe subject of work, because people increasngly saw
themselvesaspart of a collecive effort. The ratio of mertions of GveOto mertions of OIGN my
interview noteswas1.83 in Pragram A and 1.95 in Program C (the two Lewvel 5 programs), and 1.29
in Program B and 1.44 in Program D (the two Level 3 programg. Intervieweesexpressedtheir
experience of the shift:

(Here, 1n just asmall part of abigger project team. So you don®do anything on your own. [t&
acollaborative effort. So there has to be alot of communication between us. And the processis
there to ensure that this communication takes place and to structure it. The process helps keep us
al in sync. In asmall organization doing small projects, you have alot of flexibility, but there@
not much sharing. Y ou®e kind of on your own. Here, 10n just asmall part of abigger project
team. So you don@®do anything on your own. 1t@ a collaborative effort.O(C: development)
C]Devel opers want above al to deliver agreat product, and the process helps us do that. What
|Qvelearned coming here is the value of awell thought-out process, rigorously implemented, and
continuously improved. It will really improve the quality of the product. In this business, youQe
got to be exact, and the process ensures that we are. Y ou have to get out of hacker mode! O(A-14)
CBome programmers here used to be very isolated. We had one fellow who just sat in his cube all
day from six in the morning till two in the afternoon. Many of us didn® even know his name! But
the process here drew him into team meetings and into new conversations. Eventually we even
got him helping with training.O(B: development)

More concretely, this new self-construal emergedthrough a mix of adult socialization (e.g.,
Kohn and Schooler, 1983) and Oatrraction-selecton-attritionO(Scmeider, 1987). On the effects of the
former, we have the tegimony quoted earier of OB | cansee the neednowO(C-13). In Program D,
oneintervieweedesribedhis experiencein these terms.

Q was not originally abeliever in this process stuff. | remember seeing coding guidelines when |
joined the Program D. | just threw them into a corner. But ayear later, | found that my code
didn@make it through the code checker, and that got me to reconsider. So | went to some CMM
training afew yearsago N and 1Qve been converted! Most of the developers and leads are being
dragged into process kicking and screaming. Any coder would rather just hack.O(D: process
engineering)
(SeeConn, 2002, for discussion of the process of developer socializaion in another software factory.)
On the importance of attracton-selecion-attrition, two excergs areillustrative:
Or ou won@fit in well hereif you don® like structure, you prefer working by yourself, you don®
like getting suggestions from other people, or you don@®like taking responsibility for your work
and for making it better.O(A: testing, formerly with A)
Qne still have to deal with the Gree spiritsOwho don@ believe in process. [E] Most of them
adapt, athough some don®and they leave.O(C: process engineering)

A new professionalism
This more interdeperdert self implied a corregponding mutation in the nature of developer)

notion of professionalism. Same agects of professionalism werepreserved, while somewere
significartly transformedbin a socializeddirecion.

On the one hand, process leveragedtradtional valuesof professionalism, including the appeal
to individual pride in the reaults of oneO®wn work:
QWe appeal to people® sense of professionalism, saying something like, @e®e all professionals.
And as professionals, we®e both pretty mobile and committed to high quality work. Since | may
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leave here at some point, even soon, itG my duty as a professional to give the organization the
documentation it needs to continue serving the customer.@(B: quality assurance)

GDur process makes for better testing, which means earlier detection of probl ems, which in turn
makes the life of the programmer alot easier and avoids alot of embarrassment.O(B: department
manager, formerly with A)

On the other hand, however, proces seemedto encourage a broadening of professionalism, its
socializaion beyond the closed, OgiildOform it hasoftentaken Whereastradtional conceptions of
professionalism give greatweight to the individual practitionerOgudgmert and thus to their
auonomy N if not ecanomic auonomy, atleas technical decision-making autonomy (Freidson,
2001) N process maturity encouragedthe emergence of a more collective professional subject This
mutation is particularly significart becawse it appeaedto moderate the traditional tersion between
professional autonomy and bureaucraic authority:

Qusually people run away from audits. But amazingly, recently wele seen several projects
volunteering N they want to show off their accomplishments and process capabilities.O(A:
process engineering)

Orhe Improvement Tea[n@ work [...] made everyone redize that there are real business benefits
to sharing information N instead of just worrying about your own rice bowl. 1®n your [internal]
customer, so | need you to understand my requirements. And the effect has been to make people
interested in improving their own operations on their own, even without management being
involved or pushing them.O(D: logistics)

Prdfessionals terd to have strong tiesto ard idertify with their occupational community
(Gouldner, 1957; Van Maarenand Barley, 1984) Interviews suggededthatthe greaker process
maurity strengthened both developergprofessional-cosmopolitanoriertations ard their bureawcratic-
local oriertations. Insofar asthe objectof their work expandedto include process, atleag some
developersreadmore industry journals and attended more confererces in particular those focusedon
procesissues Simultaneausly, they were drawn into more discussions around these proces issues
with hierarchical superiors and with staff from other GCC units.

Socdialization versus valorization

The progressive socializaton of the labor process in software developmen wassimultaneausly
stimulated, retarded, and distorted by the valorization proces. On the one hand, process improvemert
and CMM certifi caion efforts werestimulated by serior managementOsonviction that these would
help profitakility; but on the other hand, progress waslimitedby (a) contrad ctions betweenthe
pursuit of tecmical performarce (use-value) ard profit (exchange-value), (b) the competitiverivalry
betweenfirmsthat underminedtheir collaboration, (c) the tersion betweencorporate interess and the
cdleciveintereds of itsemployees and (d) the tersion betweenthe collective nature of work and the
individualizing effects of the wage relation. In aggregate, the certrifugal effects of valorizaion appear
to have beenweaker thanthe certripetal effects of socializaion, but the former werestrong enough to
make progress of socializaion halting and uneven

Technical performance versus profit. Clearly, part of the CMM effort wasOfa show,0
regponding to symbolic legtimacypressuresrather than tecmical performarce pressures Assuch, it
sometimesledto a decaupling betweenformal proces ard daily practice (asde<ribedby Meyer ard
Rowan, 1977). Commerts such asthese werecommaon in thetwo Level 3 Programsbut rarein the
two Level 5 Programs

QWe do have written processes, but some are not always used consistently. They are not always
being used by the developers. They are not always used by the program managers in their regular
reviews.O(B: process engineering, formerly with A)

Orhe evaluation and CMM SCE forced us to update our documents. We didn@really change
anything in how we work though.O(D: developement)
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In pant, this symbolic/tecmical tension refl ecied adeeper contradction betweenuse-value ard
exchange-value. Intervieweeswere oftenawarethat their labor process improvement efforts were at
risk of being overriddenby a higher, valorization imperative:

GDne key challengeis maintaining buy-in at the top. Our top corporate management is under
constant pressure from the stock market. The market is constantly looking at margins, but
Government business has slim margins. That doesn® leave much room for expenditures
associated with process improvement N especially when these take two or three years to show
any payoff.O(C: process engineering)

Q\s| seeit, GCC is acorporation, and that means it® run for the benefit of the major
stockholders. So top management is incentivized to maximize dollar profits. Quality isonly a
means to that end, and in practice, quality sometimes gets compromised. | used to be atechnical
person, so | know about quality. But now |®n a manager, and |®n under pressure to get the
product out N come what may. | just don®have time to worry about the quality of the product. |
have amanager of software development under me who@® supposed to worry about that.O(D:
development manager)

Ot& hard to convince people that improving the process will help us get or keep business.
[Referring to the recent downsizing of Program A:] We had aworld-class process, and look what
happened to us! Jobs in an organization like this depend alot more on the vagaries of contracting
than on our process excellence.O(A: department manager)

The contrad ction between socializaion and valorizaion wasparticularly visible to the
intervieweesin the form of missed opportunitiesfor proces improvemert:

C}Ne could do better at capturing and using lessons learned. We have al the vehicles for doing it
N presentations, newsletters, databases. But it takes time. And there are so many competing
priorities. In the end, it all about profit and meeting schedul es! O(laughs) (A: project manager)

QWe do ask project teams to do aLessons L earned report at the end of the project. We post the
results on the database. But there(@ no staff support for the process.O(A: quality assurance)

This contrad ction wasalso visiblein the gap betweenthe expanded objectof work asa use-
value ard limitedtools available to employeesfor tacKing this new object:

QA these forms have a valid purpose, but it takes so long to fill them out that it just doesn® seem
very efficient. Wereally need alot more automation in doing all this.O(B: development)

Orhere® no doubt that more process maturity means more paperwork. Some of it is good, and
some of it is an impediment, especially from a productivity point of view. Unless we have the
tools to automate this documentation, it has to slow us down. We still don® have the right tools.O
(C: project manager)

Orhe key issue moving forward, | think, is that we still don® have the resources we need to
devote to process. A program of this size should have afull-time staff dedicated to our internal
process maintenance.O(C: quality assurance)

Collaboration versus competitive rivalry. The weight of the valorizaion imperativeswas
also visiblein tersions that disrupted collaboration with clierts:

Orhe biggest problem here has been the customer and getting their buy-in. At Program A, our
customer grew towards process maturity with us. Here [at Program B], we started with aless
mature client. Some of the customer management even told us that they didn®want to hear about
QA or our quality management system N they saw it as wasteful overhead. When you bid a
project, you specify abudget for QA and so forth, but if they don@want to pay, you have a
resource problem. And once you get the contract, then you start dealing with specific project
managers within the customer organization, and these managers don® necessarily all believein
QA or simply don®want to pay for it out of their part of the budget. On the Y 2K project, the
customer kept changing standards and deadlines. Basically, we were dealing with a pretty
process-immature customer, and that made it difficult for us to build our process maturity. Things
have improved considerably since then.O(B: process engineering, formerly with Program A)
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Employees’ interests versus corporate interests. GCC maregersunderdood that proces
maturity required a high level of employeeparticipation. But the vertical authority structure that
expressesthe wage relation creaed a constart risk that maragers would veer off into coercion:

Ve didn@initially have any questions on the employee survey about your boss. Frankly, people
wereworried that managers might retaliate. But now we do, and we find the data very useful in
surfacing management problems. The earlier rounds of the survey did show some big
communications problems in some groups. Counseling often helped, and in some cases, we
moved people out to other positions.O(A: program manager)

Collective nature of work versus individual wage relation. The contrad ction betweenthe
calecive and callaborative requiremerts of effective proces (the use-value agpect and the
individual and competitive nature of the employmert contract(the exchange-value agpecf) wasvisible
in concerrs voiced by someintervieweesahout job seaurity:

Qf you have agood process, then people become like widgets you can stick into it, and everyone
knows what their job is. Obviously that@ a big advantage for the organization. [...] On the other
hand, it also brings some fear for job security. It does make my job as a programmer easier to
fill.O(B: department manager, formerly with A)

This contrad ction also helps explain a certain disinterest and passivity on the part of some
developers

Q follow the rules because they are there.O(B: development)
By and large, people just accept the Instructions pretty passively.O(C: development manager)

Ot hard to scare up much process improvement effort from the troops. Almost al the process
improvement activity comes from people assigned to that task.O(C: training)

Overall. The overall reault of the socialization tendenciesand valorization counter-terdencies
wasanunevenproces of socializaion Banunevemess visible in variation acress individuals:

QWe still have to deal with the Gree spiritsOwho don® believe in process. These are typically
people who have worked mainly in small teams. 1t® true that a small group working by itself
doesn@ need al this process. But we rarely work in truly independent small teams: almost al our
work has to be integrated into larger systems, and will have to be maintained by people who
didn@write the code themselves. These free spirits, though, are probably only between 2% and
4% of our staff. We find some of them in our advanced technology groups. We have somein the
core of our business too, because they are real gurus in some complex technical area and we can®
afford to lose them. And there are some among the new kids coming in too: many of them need
convincing on this score. Most of them adapt, although some don@®and they leave.O(C: process
engineering)

DISCUSSION AND IMPLICATIONS

This palec-Marxist vergon of activity theary also hasimplicaions for a number of related
themesin currert researchon work and organizaton:

Tools. The paleoview highlights the tension betweensocializaion expressed in the
progressive differentiation and integration of tool makers and tool usersand the perdstert
valorizaton pressuresthat encourage firmsto desgn and use tools to coerce more effort from
recakitrant users This pergective suggeds thatthereis someting terribly one-sided about the
current facination with tacit knowledge (seealso Adler, 1996; see also Hedund, 1994: 76; Zollo and
Winter, 2002). In the mast common construal (stemming from Pdaryi), tacit knowledgeisindividual
and private; in analternative construal, tacit knowledge canbe callecive, the property of a
community of practice;but in either case, tacit knowledge is essertially local, the artitheds of
universal, socializedknowledge. Tacit knowledge is oftenillustrated by reference to the diffi culty of
articulating our knowledge of how to ride abicycle. As | writethis, the Tour de France hasjust
concluded and Lance Armstrong won for thefifth consecuive time. The amount of formal,
ariculated, engineering and sciertifi c knowledge that hasbeeninvededin perfecting hisriding
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techique, his bicycle, his training program, his teamOrgarizaton, and so forth is massive. Clearl,
thereis atacit dimersion to ArmsrongOgerformance; but just asclearly, theary should acknowledge
the emergence of the whole field of sports science, and the deeptransformaton of the structure of
knowledge thatisits corollary.

Object. The badc objectcontradction is betweenthe progressive expansion and errichmernt of
the objectviewed asatechnical challenge and the narrowness and poverty of profit asanobject This
tension isvisible in numeraus studiesof Total Quality Management: mamgemert encourages
workersto inves themselvesin proces improvemert, but profit imperativesdeter managemert from
acting on the reaulting suggedions. In part, the contrad ction is caguredin institutionalization theary
(Scdt, 1995; DiMaggio and Powell, 1991), asatension betweentecmical and legtimacy constraints;
but institutionalizaion theary has not always beenexplicit about the deepambiguity of Oecmical®
constraints under cagtalist conditions: it hasoftenconflatedthe use-value and exchange-value
agoects of the tecical domain. As areallt, eventhough institutionalizaion theary hasidertifiedthe
role of social construction in the symbolic legtimacydomain, it hasterded to OmturalizeCthe
tecmicaltask domain.

Community. The case sketcheshighlightedthe perdstert, contradictory coexistence of
emabing and coercive featuresof modern organizatonal forms. This analysis sits uneasly with the
broadarchitecture of currert organization theary. Organizaion theary haslong beensplit between
OraonalOand OmturalOsystemsviews, and within the latter, split betweenconsensus and conflict
aporoaches(Scatt, 2003). Perhaps organizaional reseaich would advance more fruitfully if, insteadof
playing these pergecivesoff against each other asif they were incommersurabe paradgms, we
acknowledgedthat eachrefl ects part of the whole picture, and focused our researchmore
systematcally on underganding their interrelations. To take anexamgde, resarch on teamsin
organizatons might advance more fruitfully if teamswereseenboth asa high-performarce
organization desgn and asaform of normaive and concerive control, and if the tension betweenthe
two agpects brought into focus asan objectof study.

Workers. The precedng caseessuggededthat firmsOattemps to strengthen collaboration ard
coordination have profound effects on workersJself-construals. MarxOsinkage of objective and
subjecive socializaton is developedand extended in EliagD$2000) discussion of Giguration,Oard
this pergpeciveis emergng asa fruitful avernue for organizational research(Vanlterson etal., 2002).
Eventhough valorizaion pressureslimit the trend, we seeknowledge-intersive firms suchasGCC
encouragng the emergence of new formsof callectvism, onesthat we might interpret as
differentiated from tradtional collecivism by their lower power-distance (Triandis and Gelfand,
1998) and/or by their coexistence with high individualism (Kagtcibad, 1997). This suggeds that our
theariesof mativation may also needexpansion. Whenfirms maobilizethe collecive workerto ersure
amore effective labor process, and whenworkersregpond by interralizing this community, then
auonomy Bwhether of the individual or of the self-directedtean Bbecanesless salient asa source
of mativation in job dedgn: callaborative interdependence may acivate more collectivistic sourcesof
mativation.

SOCIALIZATION AND SKILL IN HISTORICAL PERSPECTIVE

In conclusion, let us return to the starting point: the future of critical research on work
organizaton. Othershave criticizedBravermanand the earied labor process theay ressach for
ignoring factors such asclass consciousness, the role of workersOpower in shaping work ard skill, the
limiteddiffusion of sciertific maragemert techiques and gender ard other social and discursive
forcesin shaping the social construction of skill categories(for recent reviews of criticism and debate,
seeWarcell, 1999; Grugulis, Willmatt and Knights, 2001). By contrag, the precedng discussion of
the Cersus occupation data and the case sketchessuggest avery differert critique, one that demards a
theary that accounts for both along-run increa® in average skill levels and a profound change in the
form of skill.



22

The key to aneffective regonse to this challenge lies | have argued, in regoring the causal
weight of tecmology -- the forcesof production -- in our account. Whereaseo-Marxist labor process
theary focuseson therole of captalist relations of production in shapng work orgarnization, the
paleo-Marxist approach | have proposedsituatesskill and work organization atthe intersecion of the
forcesard the relations of production, influencedby both.

On the one hard, under the impact of the progressive socialization of the forcesof production,
taks became on average more complex, and thereis a progressive differertiation of rolesard
increasng collaborative interdependence at various levels: betweenwaorkers(team work), work units
(process maragemert), hierarchical levels (employeeinvolvemert), specializedfunctions (cross-
functional team3, and firms (supplier partnerships). Y es, the auonomy and nobility of tradtional
crafts aretrampled underfoot in this process; but the larger mass of workers oftenfind the complexity
of their taks increagdand their work relations broadened Increasng proportions of menand women
aredrawn into mixed-gerder, interdependent work relations. Workersaredrawn from local isolation
into the web of globalization, which (pace neo-Marxist theariesof dependerncy) also tendsto increas
work complexity and broadenrelationsin developing countries(asin the paleo-Marxist account
offered by Warren 1980).

On the other hand, and in contrag, the perdstence of capitalist relations of production hasa
fundamenally ambguous effect. The cagtal relation of competition somet messtimulate the advance
of the forcesof production, but somefimesoblige firmsto sacrifice long-termfor short-term gains,
and systematcally oblige them to privilege ownersOprivate berefits over broader social berefits.
Tentative movestowards inter-firm collaboration are both stimulated and undemrminedby competitive
rivalry. The wage relation privilegesownersinteress over workersO As ownersOagerts, maragers
sometimesfind it profitable to upgrade workers3skills, but sometimesfind it more profitade, if only
in the short-term, to de<kill work, maripul ate teamwork to create peerpressure, let horizontal
specializaion degererate into adversarial rivalry, and use hieraichy for commard and control. Thes
effects should not be ignored asmere OwiseQin the data: they refl ectthe deepstructure of property
relations under captalism. It is therdfore appropriate that scholarsshould highlight and criticizethem
asreflecing animportart, imminent tendency of captalism.

What canwe say about the relationship betweenthese two sets of forcesin the overall
evolution of work and skill? The neo-Marxist interpretation offeredby LPT giveslittle causal
efficacy to the forcesof production (e.g. Burawoy, 1979: 14ff, 220), and arguesthat cagtalist
developmert, insofar asworkersOstruggleshave not beenable to counteract capitalist pressures leads
to increasng misery, including the deilling and degradation of work. WhenMarx and Engels write
in the Communist Manifesto that cagtalism developsits own Ogaved ggersOneo-Marxist LPT takes
this to meanthat cagtalism createsa class with so little left to lose that it hasno altermative but to
revolt Dworkerswill have nothing to lose but their chains.

On the paleo-Marxist view, the developmert of cagtalism is profoundly shaped by the
progressive socializaion of the forcesof production. Overthe long run, the overall effectisto create
aworking-classthatisincreasngly capahle of taking on succesfully the tak of radcally
trarsforming society and of assuming the leadng rolein anew form of society. Thistak is mace
progressively easer by the gradual socialization of relations of production evenwithin the womb of
cagtalism itself, notally in the form of theincreasng concertration and certralization of cagtal and
the growing role of governmert in the economy. (Whether workers are motivated to undertake this
historic, revolutionary mission Basdistinct from being capable of undertaking it -- depends on
distinct, socio-political, super-structural factors.)

MarxOswritings themslvesareambiguous on the relationship of the two sets of forces
Elsewhere (Adler, 1990), | have arguedthat this is because these writings, even Capital, mixedthe
analysis of long-termand shorter-term trends, and combined objective aralysis with polemical
advocacy. The paleointerpretation wasnevertheless dominart until World War 1. Idedogically, it
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went hand in hand with a sense of the historical inevitability of socialism and a great self-confidence
on the part of the major working-class parties

Sincearaund the First World War, the more rad cal parts of the left have argued that the palec
Marxist view concedestoo much continuing legtimacyto cagtalism. The objecion would appea to
bethatif captalism continuedto foster the development of the forcesof production and the working
clasOsamhlities it would be diffi cult to justify radcal hostility to it. But on the paleoview, there
areplenty of fundamertal, and increasngly compelling, rea®ns to doubt that capitalism is the Oed of
historyO(pace Fukuyama, 1992). Evenif the aggregate, long-termtrend in work organization is
towards upgradng, the unevemess of this processis ascardal thatisincreasngly reserned. More
gereraly, cagtalism seemsunable to eliminate its Osvage inequalitiesO(in Kozol0s1991, phrase),
its perdstert un- and under-employmert, its recurent economic crisesand wars and its ecdogical
irregponsibility. The paleoview allows critical scholarsto advance this critique while acknowledging
the progressive apects of cagtalist developmert. The neoview turns the critique into shrill polemic.

We needarobust theary of work. A palec-Marxist verson of activity theary providesa
promising starting-point. Empirically, it providesus with a surprisingly intuitive way of graging the
everyday contradctions of the cagtalist firm. Thearetically, it allows usto charackrizethe
fundamernal limitations of cagtalism and how these limitations conflict with along-temrm
socializaion trend. And politically? In the short term, prospects for rad cal change due to this
escalating conflict may seem dim, but the socializaton theds puts history on the side of radcal
charge.
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EXHIBIT 1: EVOLUTION OF THE U.S. OCCUPATIONAL

STRUCTURE

Year 1900 1970 2000
Clerical 0.03 0.18 0.16
Professional, technical 0.04 0.14 0.16
Service workers, excl. private 0.04 0.11
houshold

Private houshold workers 0.05 0.02

Total service, incl. private 0.10 0.13 0.14
household

Salesworkers 0.05 0.07 0.12
Opeative and kindred 0.13 0.18
Laborers, excl. farm and mine 0.13 0.05

Total operatives plus laborers 0.26 0.23 0.12
(excl. farm)

Managers, administrative, 0.06 0.08 0.11
proprietors

Craftsmen, foremen 0.11 0.14 0.12
Farmers 0.20 0.02

Farm laborers and foremen 0.18 0.01

Total farmers plus farm 0.38 0.03 0.04
laborers

Saurce: U.S. Bureauof the Cersus. 1900, 1970: Historical Statistics, 2000: auhorf)sr;mputalion based
on Statistical Abstract Cersus data after 1970 combine operaivesand laborers, do not distinguish
private household workers and do not distinguish farm laborersfrom farmersand farm maragers



EXHIBIT 2

THE STRUCTURE OF THE LABOR PROCESS
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EXHIBIT 3: THE CAPABILITY MATURITY MODEL

Level Focus and description Key Process Areas Proportion of
appraised
organizations
1998-2002

Level 1: Competent people and heroics: 16.9%

Initial The software process is ad hoc,

occasionally even chaotic. Few
processes are defined, and success
depends on individual effort and
heroics.

Level 2: Project management processes: | * software configuration 43.2%

processes are established to track | * software quality assurance

cost, schedule, and functionality. | * software subcontract

The nlecessary process (li!ISCI pline | management

Isin placeto repgat caner * software project tracking and

successes on projects with similar .

- oversight
applications. . .
* software project planning
* requirements management

Level 3: Engineering processes and * peer reviews 24.6%
Defined organizational support: * intergroup coordination

The softwarte prgc&ss.for bpth * software product engineering

management and engineering .

activities is documented, mtggrated software management

standardized, and integrated into a | * training program

standard software process for the | * organization process definition

organ|zat|on.. All proj egts usean * organization process focus

approved, tailored version of the

organization@ standard software

process for developing and

maintaining software.
Level 4: Product and process quality: * software quality management 8.0%
Managed Detailed measures of the software | * quantitative process

process and product quality are management

collected. Both the software

process and products are

7.3%quantitatively understood

and controlled.
Level 5: Continuous process * process change management 7.3%
Optimizing improvement: * technology change management

Improvement is enabled by * defect prevention

quantitative feedback from the

process and from piloting
innovative ideas and technologies.

Saurce: Sdtware Engineeing Institute, 2003




