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Typical of many cases of technology diffusion and implementation, machine tool automation 
has stimulated debate about the relative influence of social and technological factors. It is argued 
that reconciliation of these views requires (a) a realistic model of the firm in its environmental 
and managerial contexts, (b) a conceptual framework that incorporates technological, economic, 
political and symbolic forces in the processes of diffusion and implementation, and (c ) a heuristic 
strategy that allows these forces to play relatively more and less important roles depending on the 
time-span and level of aggregation of analysis. Examination of the case of machine tool automa- 
tion suggests that while social forces may play a central role in the analysis of specific plants, 
technology and economics assume relatively greater importance in the analysis of aggregate pat- 
terns and trends. 

Recent research on the diffusion and implementation of new 
evidences an unresolved tension between those who privilege t 
economic variables and those who emphasize managerial and social i 
This article attempts to clarify what has become a somew 
research by constructing a model that allows more rigorous asse 
relative causal roles of technical and social factors. 

The debate between what might be calle to 
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plify complex theories, “social determinist” (socio-det ) and “technic- I deter- 
minist” (techLo-det ) approaches is being played out in several arenas: 

The “flexibility” associated with programmable automation (Office of 
hnology Assessment, 1984) seems for the techno-dets to hold the promise 

of a world of more varied and complex products, produced by factories t,hat are 
more responsive to the changing demands of the market (Goldhar and JelLnek, 
1985). A socio-det perspective points out that the flexible potential of new 
technologies is often not tapped by firms (Jaikumar, 1984 ): technology may 
not be the constraining factor, since management’s preference for stability and 
other organizational rigidities may take priority over technological capabilities 
(Abernathy et al., 1983). 

Techno-det analysis of the impact of new technology on working condi- 
tions has often concluded that automation generally upgrades skill require- 
ments, and will progressively liberate workers from the factory grind (Blauner, 
1964; Woodward, 1965,197O) and usher in a post-industrial society (Bell, 1960). 
Socio-dets, by contrast, argue that management policies, not technologies, de- 
termine job design, leading some to fear that the new production technologies 
will be used remove the human dimensions of work, reducing workers them- 
selves to the status of mere cogs in a machine (Braverman, 1974). 

The techno-det explanation of technological diffusion assumes that, con- 
ditional on factor prices, productivity pressures will force users in different 
environm ts to adopt similar patterns of implementation (see Brown, 1981, 
Chap. 3). fet other research highlights the extraordinary staying power - 
apparently unrelated to economic efficiency - of distinctive national utiliza- 
tion patterns of skill profiles and product characteristics (Sorge et al., 1983; 
Piore and Sabel, 1984; Maurice, 1986a). 

These contrasts between socio-dets and techno-dets reflect a deep-seated 
split in the broader literature on diffusion and implementation of innovations 
between, on the one hand, those who assume the superiority of the new inno- 
vation and focus their research on the social barriers to its use (e.g., Rogers 
and Shoemaker, 1971) and, on the other hand, those who tend to assume eco- 
nomically rational users and who therefore focus their research on the limita- 
tions of the current state of the innovation and the process of technological 
improvement (e.g. Harley, 1971). 

Our objective in this article is to construct a meta-theoretical space in which 
important debates between techno-dets and socio-dets can be conducted more 
fruitfully. After outlying our approach to a synthesis of socio-det and techno- 
det perspectives (Section 2 ), we develop a micro1 model of diffusion and imple- 
mentation of machine tool automation and a framework for identifying the 
various technica! and social forces at work in that model. 

r social nor technological determinism for being too 
mpt to develop a m&a-theoretical framework that 
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allows US to synthesize them through productively confronting their respective 

strengths and weaknesses. Such a synthesis has proven difficult for three rea- 
sons. First, the two approaches tend to operate at different levels of aggrega- 

tion. Techno-dets typically formulate their arguments as aggregate long-run 

trends sustained by the pressure of competitive selection. As a result, they 
usually are content to assume that the local, short-term deviations are just 
“noise” around the longterm trend (Forbes, 1958). Socio-dets, on the other 
hand, have often made their case in studies of individual plants over shorter 
time horizons and either extrapolate their micro analysis to the global level 
(Shaiken, 1984; Buchanan, 1984) or shy away from what they se as dubious 
speculations on overall trends (Kelley, 1986). Any synthesis will need to show 
how the technological and economic forces operate at the micro, firm level and 
how the political and symbolic forces operate at the macro, aggregate level. 

Second, the key factors of diffusion and implementation - automation, 
product characteristics, workforce profile, managerial strategy, competitive and 
institutional environment, profitability, national context, plant size, etc. - are 
strongly interrelated, limiting the usefulness of simplistic, one-sided models. 
Since individual cases of adoption and implementation of new technology often 
involve a host of technological and social factors, it is easy for doLTaatic re- 
searchers to isolate the effects of their favorite causal factor and conclude that 
it is the only one (Gold, 1981). Thus, a synthesis will require a general model 
that can incorporate these various factors and accommodate the various 
perspectives. 

The third factor inhibiting the synthesis of technical and social perspectives 
is that research is often limited to one part of the process - either diffusion or 
implementation (Gold, 1981). An exclusive focus on the diffusion process (e.g., 
Rogers and Shoemaker, 1971; Mansfield, 1968) blinds researchers to the role 
of implementation in generating both technical improvements and know-how 
that influence subsequent diffusion patterns (Rosenberg, 1976; Rosegger, 
1977). An exclusive focus on implementation (e.g., Pressman and Wildavsky, 
1984; Elmore, 1978) ignores the fact that early adopters may have different 
characteristics and implementation approaches from later adopters as the dif- 
fusion process itself modifies the innovation (Rogers and Shoemaker, 1971). 
A synthesis should integrate both diffusion and implementation processes. 

We therefore need a model of technological change that allows us to discuss 
the interaction of technical and social determinants at both the micro and 
macro levels of analysis of both diffusion and implementation. Our approach 

in this article is to take a “worm’s eye 4ew” bxr fnTr*lm;nm n n t h a  t p rh n ip a l 2 n d J  A V b U Dll l5  V I1  “.I” V Y V-----I 

social forces operative in and on the individual firm. By centering the model 
on the relationship between the organization and its enviroiih~tilt, we are also 
able to address the relationship between local an 
the model to structure a discussion of the tech 
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DYNAMIC TO BE EXPLAINED 

LEVEL OF ANALYSIS 

Global 

Local 

Fig. 1. Four quest ions. 

Diffusion Implementation 

What will be the rate What will be the 
and level of diffusion? common practice use? 

1 

3 

Will Firm A adopt How will Firm A use 
the technolog$? the technology? 

2 
- 

4 

issues both global and local in the diffusion and implementation of new tech- 
nology (see Fig. 1): 

(1) the rate of diffusion of new technology; 
(2) the pattern of typical utilization of new technology; 
(3) a given firm’s propensity to adopt new technology; 
(4) how a given firm will best make use of new technology. 
Our model is derived from a study of the literature on the machine-tool au- 

tomation case. While relying on any single case creates obvious risks, it has 
the advantage of prompting greater realism and salience, and t*he case of ma- 
chine-tool automation provides a rich body of prior research. Debates over the 
future of machining vividly illustrate the general debates we have discussed 
above. 

Machining, and in particular the computerization of machine tools, is par- 
ticularly useful for exploring these issues for two reasons. One, the machining 
process and its output have retained the same general form across several gen- 
erations of automation. This consistency makes machining automation well- 
suited for comparative analysis of technological change, and is the reason that 
so many aut ave taken achining as their aradigmatic example of 
automation. 
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A second reason for choosing the machine tool case is more practical. T’his 
lag between available and installed machine-tool automation is particularly 
large in the U.S. (Amerkun Machinist, 1983a). Machine tools are critical to 
industrial CompetjtLeness and defense readiness (Nationa. Research Council, 
1983). But there’ is a large and persistent lag between the available level of 
machine-tool automation and the automation level of the U.S. installed ma- 
chine tool base. Understanding the determinants of this technodogy’s diffusion 
dnd implementing has a certain urgency. By the same token, this lag makes 
the issue of machine-tool technology development less crucial than deploy- 
ment patterns, allowing us in this article to bracket the debates over the forces 
behind technology development and to focus on technology diffusion and 
implementation. 

3. A model of automatio diffusion an 

Socio-dets and techno-dets can argue their respective cases at two distinct 
levels of analysis. First, they can privilege some factors over others - socio- 
dets often focus on labor/management relations or on the institutional envi- 
ronment, while techno-dets often focus on the competitive environment or on 
technical capabilities. Second, they can reason at a more abstract level, and 
focus on technical or social forces structuring all these factors simultaneously. 
We address the second level in the next section. In this section we summarize 
a model of diffusion and implementation factors designed to address the first 
level of analysis and to clarify the complexity created by the interdependence 
of a number of distinct factors at work work in the diffusion and implemen- 
tation process. 

The theory of the firm developed by Edith Penrose in Z’Ize Theory of the 
Growth of the Firm (1980) provides our starting point. Penrose’s theory avoids 
the barrenness of traditional neo-classical economic formulations; a barren- 
ness resulting from their inappropriate level of abstraction. One, it allows for 
the fact that firms do not implement new technologies according to a standard 
recipe book. They learn by doing and by using (Rosenberg, 1976). Two, it 
allows firms to escape declining returns to scale through product innovation 
Three, it emphasizes the scarcity of management expertise, a particularly im- 
portant factor in impiementing new technology (Gold, 1981). The 
model thus accommodates the influence of competitive pressures a 
that of internal organizational realities, in particular manageriai ability, that 
lie outside the assumptions of rationality that characterize and !i 
classical approach. 

This approach grounds our model of tee 
tation, suggesting that these processes open: in three successively broader 
spaces: (a) the firm’s production process, combining labor, capital and mate- 



vendors 
regulations, 

societal mslitullons 

competitors 

customers 

i$g. 2. A model of diffusion and implentation fachrs. 

rials to form products, (b) managerial resources and orientations, and (c) the 

product market and institutional environment faced by the firm (see Fig. 2 ). 
Review of the literature on the diffusion and implementation of Numerical 

Control (NC) suggest a focus on seven factors: 
(i) The characteristics of the equipment, in particular its automation level 

and its limitations. 
(ii) Labor characteristics, including the quality and organization of the jobs 

in the plant in both machining and support (i.e., programming, maintenance, 
tooiing, ti&nr* B design). 

(iii ) The quaiity and cost of the raw materials used in the production process. 
(iv) Significant product characteristics: cost, quality, average batch size, 

complexity of parts, lead times, frequency of new products, and the difficulties 
in machining parts. 

agement goals ( strateUT ) and resources (competences ) : manage- 
tes the influences of the environment and production process by 

rformance, or profitability, is determined by market responses 
to the products’ costs and characteristics. Performance provides important in- 
formation for setting man 

he environment a el as almost ubiquitous, 
venes by sha ing the competitive context but also by the pressure of institu- 
tionalization on relations with customers, equipment vendors, materials sup- 
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pliers, workers and other stakeholders. ne environment that provides 
particularly important insights into patterns of diffusion and implementation 
is the national context. 

In the following sections we address each of these factors in turn, identifying 
social- and technological-determinist views associated with each. But first we 
identify a second and more fundamental level of analysis on which the socio- 
det versus techno-det debate is conducted. 

4. Four underlying causal forces 

Each of the factors in the previous sections’ model (i.e., automation, man- 
agement, etc.) is the result of a combination of social and technological forces. 
Our review of the literature suggest that there are at least four fundamental 
causal forces whose articulation lies beneath explanations of relationships 
among the seven factors (see Adler and Borys, 1988b, for a more detailed 
discussion ) : 

(i) Technological forces determine the range of available techniques for 
converting resources into outputs, and their performance potential and 
limitations. 

(ii) Economic forces create pressures on firms and managers to allocate both 
capital and human resources efficiently. These forces operate not only on mar- 
ket relations among firms, but also within the firm. 

(iii) Political forces appear as the exercise of power within firms and be- 
tween firms and other agents in the environment. 

(iv) Symbol systems affect the values and the cognitive resources and strat- 
egies available to actors. 

Techno-det approaches attribute causal primacy to some combination of 
technological and economic forces, while socio-det approaches attribute pri- 
macy to some combination of political and symbolic forces. 

Our approach extends Zald’s (1970) political-economy framework. This ex- 
tension allows us to distinguish technology from economics and thus to accom- 
modate the permanent possibility of divergences of economic interest and the 
fact that resolution of economic interests occurs through quite different pro- 
cesses than resolution of disagreements concerning technology. We can &LGn- 
guish economic from political forces in terms of the contrast between the an- 
onymity of the former and the intentionality of the latter. Lastly, we can 
distinguish political from symbolic forces in order to be able to analyze objec- 
tive power dynamics as distinct from subjective meanings; thus we can analyze 
the ideological content of certain symbol systems inde 
relationships they su 



This section usec the case of automation of machine tools $0 explicate our 
model of diffusion and impiementation. We shall discuss in turn the seven 
factors of our model, highlighting (a) the roles of the four forces in each factor, 
and (b) the complex interactions between factors. We shall argue that this 
complex picture is clarified when we distinguish between short-term/local and 
long-term/aggregate levels of analysis. 

This section briefly sketches the evolution of machine-tool technology and 
then addresses the social and technical factors in three key processes: (a) the 
appearance in the environment of new machine-tool technology., (b) the adop- 
tion by the firm of that technology, and (c) the e:xtent and type of use of the 
equipment once installed. 

While important technological advances have been made in cutting-tool ma- 
terials and fixturing methods, the automation of machine tools has focused 
primarily on machine control. “Automatic” machine tools using cam control- 
lers have long been in use in the production of simple parts in long production 
runs. In the 1960s Numerical Control (KC) introduced computerization to 
machining, creating NC machine tools controlled by a device that reads digital 
instructions from a magnetic or punched paper tape. In the 1970s micropro- 
cessor technology allowed Computer Numerical Control (CNC ), in which an 
on-board controller is programmed at the machine or b:~ downloading pro- 
grams from computer memory. Since then, diverse activities such as a milling, 
drilling, and boring have been integrated into Flexible Machining Centers 
(F&KS), as well as Flexible Manufacturing Systems (FM%) in which several 
CNC machines or FMCs are linked by automatic handling equipment and con- 
trolled by a central computer. These developments in thz control and opera- 
tion of machine tools are paralleled and amplified by developments in the com- 
puterized assistance available for part designers (CAD ) and process planners 
(CAPP). 

Although our model focuses on the diffusion and impiementation, and not 
the development, of new technologies, a few comments on the first key process, 
the appearance in the environment of new machine-tool technology, are in 
order. Techno-dets view the evolution of machine tool automation as an im- 
manent tendency of technological evolution (Childs, 1969)) spurred by a drive 
for more efficient production (Mansfield et al., 1977). Socio-dets, by contrast, 
have highlighted the political conflicts that influenced the design of this new 
technology (Noble, 1984 ) , and have emphasized the social norms and practices 
that constrain the sh ol” a broad cross-section of innovations ( enzie 
an ajc e ‘“social construction” of scientific prac- 



tice has laid the groundwork for challenging the exogeneity of automation UPS- 
a-vis these social factors by demonstrating the influence of collective action on 
the selection of technology development priorities and alternatives (Latour, 

1983; Pinch and 
The socio-det S, however, from an important handicap in this 

debate. While Noble (1984) demonstrates the influence of management’s de- 
sire for control over workers in the selection of NC over the available alter- 
native (an analog technique called “record-playback”), he fails to demon- 
strate that this desire was the dominant factor. The technical limitations of 
record-playback were considerable, and while the short-term technical chal- 
lenges of NC development were perhaps greater than those of record-playback, 
the digital basis of NC created new long-term automation opportunities that 
were not achievable through development of the analog technology. 

These critiques of the socio-det argument suggest not that it is untenable, 
but rather that its scope is more limited than its propont?nts claim. The evi- 
dence advanced in its support does not, in general, address the claims of techno- 
dets, couched as the latter are in terms of large aggregates of firms over the 
long-run. 

The second key process, adoption, is the locus clamicus of the diffusion lit- 
erature (see Mansfield, et al., 1977; Brown, 1981, for a rc:>riew). The key ele- 
ments of diffusion have been shown to be: 

(1) the relative advantages, both real and perceived., of the new technology; 
(2) industry pressure, both competitive and institutional; 
(3 ) broader societal and political factors; 
(4) the resources and strategy of individual firms (e.g. R&D expenditures, 

firm size, organizational complexity). 
Our model locates elements (2) and (3) in the relevant environmental sub- 

sets and addresses (4) in Section 5.5 on management below, As argued by 
Brown (1981), category (1) is the most troublesome si:nce it encompasses sev- 
eral quite distinct questions. We address these questions at several points in 
the discussion below: 

Advantages for whom? The major issue here relates to labor/management 
conflict, and thus leads us to the firm’s industrial relations strategy (Section 
5.5). 

Necessitating what investment? This leads to a discussion of manage- 
ment’s resources (Section 5.5). 

At what cost (or savings) in other factors of productions? This raises 
questions relative to labor (Section 5.2)) materials (SectEon 5.3 ) and the in- 
ternal structure of the equipment base (compatibility, etc. ). 

What kind of advantages? This kes us to the linkage etween invest- 
ment in new equipment and expecte erformance improvements ( 

5.4). 
e importance oft key process, the extent an 



of use of the equipment once installed. Shaiken ( 1984) argues that marnagsrial 
ideologies often limit the effectiveness of new technologies once installed, since 
implementation modes are opportunities not only for efficiency gains but also 
for industrial relations power struggles. Adler (198 ) broadens this P@=Pec- 
tive, highlighting several organizational factors impeding effective implemen- 
tation of integrated CAD/CAM: skills may be Lcking; procedures are often 
outdated; organizational structures often create fiefdoms; strategic clarity is 
often lacking; and cultures may undermine collaboration across specialized 
subunits. 

But implementation can also be an onportunity n& only for learning how 
use the technology, but also for improving theeschnology (Rosenberg, 
esearch has shown that lead users often play an important role in the 

refinement of new technologies (Von Hippel, 1976). 
So the influences on and of equipment as illustrated in Kg. 2 go in several 

directions: 
adoption is conditional on the pre=Jence of competent vendors with appro- 

priate equipment to sell; 
adoption is mediated by the firm’s competitive environment, its strategy 

wi respect to technology and other factors of production, and its product 
marketing strategy; 

both technology adoption and deployment are conditioned by ,the state of 
other factors of production; 
the firm’s experience with the new technology can fuel a reverse causality 

taking new ideas back to the vendors. 
The issues reviewed in this section offer fertile ground for debate between 

socio-dets and techno-dets. Our model is designed to clarify that multi-faceted 
debate by suggesting a useful way to structure it. The following sections pursue 
these issues factor by factor. 

5.2 Labor 

Our discussion of the labor factor is more extensive than those of other fac- 
tors. This reflects the centrality of the labor-automation relationship in the 
techno/socio-det debate. 

As we saw in Section 5.1, both approaches agree that labor exerts a signifi- 
cant influence on both the diffusion and implementation of technology. They 
differ, however, on the nature of the influence of labor: Techno-dets often claim 
that technological innovation and deployment is driven by the compulsion to 
reduce costs through labor-saving devices (cf. the debate within this perspec- 

osenberg, 1976), while socio-dets argue that technology is 
oyed as a means of controihng workers ( raverman, 1974; 



automation on labor. We identify three such influences: changes in the number 
of workers in the shop, changes in the content of jobs, and cha.nges in work 
organization. This review suggests that while political and ideological influ- 
ences arle central to understanding individual firms in the short run, aggregate 
trends appear to be more the result of technical-economic factors. 

5.2.1 Employment levels 
NC has two effects on employment levels. The first is the effect of NC on 

the total quantity of labor in the plant. A purely technological perspective ar- 
gues that, all else equal, ncreases in efficiency will reduce employment levels 
for a given level of output (Steffy et al., 1973). Some socio-dets view this ar- 
gument primarily as a threat used by management to maintain a docile work- 
force (Braverman, 1974); they argue that actual employment levels are influ- 
enced by the intensity of work effort; that this intensity is the central object of 
labor-management conflict; and that automation at most mediates this rela- 
tionship). These technological and social hypotheses both ignore the influence 
of properly economic factors. In favorable economic environments, new prod- 
ucts andl/or lower costs of production will lower prices and expand sales so that 
new jobs are created within the firm. Even in unfavorable environments, the 
pace of implementation is in reality such that attrition is often a more cost- 
effective way of dealing with labor surpluses than layoffs (New York State 
Department of Labor, 1969). 

A second employment effect is the effect of automation on the composition 
of labor within the plant. Techno-dets focus on how NC lowers the relative 
number of operators and increases the relative number of programmers and, 
perhaps, maintenance workers. But if the operators are able to create and edit 
programs themselves, the use of a more highly skilled operator workforce might 
allow a firm to reduce the number of programmers and/air their skill require- 
ments. Socio-det accounts of NC implementation point out that managers often 
deny operators such control, even when it is technically efficient (Wilkinson, 
1983). 

5.2.2 Job content 
The effects of automation on job content has been the subject of study of 

researchers from several disciplines; machining has been popular case to stLll 
(see Aidler and Borys ( 1988a) for a review). The clash etween technologi 
and social determinist views has been very sharp - especially because no com- 
pelling data have yet been assembled on w erators are more or 
less skilled than conventional machinists. 

The first generation of 
techno-dets who sought 
with the shift to NC, usi 
1960,P 



ysis, in contrast, argued that the struggle between managers and workers over 
the intensity of work determines job content and that the effects of NC imple- 
mentation were by-products of a management strategy intended to increase 
managerial control over a “deskilled” workforce (Braverman, 1974; Noble, 1977, 
1979,1983,1984; Shaiken, 1984). 

The labor process research has, however, drawn criticism both from other 
socio-dets and from techno-dets. While Braverman (1974) assumed that man- 
agers were always dominant in deciding job content, others point to the im- 
portance of countervai!ing worker power (Montgomery, 1976; Brighton Labor 
Process Group, 1977). Braverman (1974) also assumed that productivity is 
gained only through control over workers, rather than giving workers the au- 
tonomy to work more effectively (Friedman, 1977). 

Techno-det critics of the labor process research points out that Braverman 
assumed that automation does not shift cost curves over time in favor of higher 

skills and/or greater worker control. Social conflict may not dictate trends so 
much as create occasional and temporary impediments to using NC in the most 
efficient way-with upgraded workers (Adler, 1986). 

Buchanan (1984) invokes economic forces as a mediating variable. IIis re- 
search suggests that NC might have a deskilling effect if the plant produces 
only simple parts in long runs; but that it will have a strong upgrading effect 
in plants with complex products and short runs. Thus the economics of the 
plant’s product market and the economic returns to product characteristics 
such as smaller batches and part complexity - to be addressed below - inter- 
vene in the relationship between NC and job content. 

Rather than addressing these techno-economic issues, a third, more recent 
generation of research focuses on the social factors that mask them. It analyzes 
the labelling of jobs as “skilled” and “unskilled” and the factors in the firm’s 
institutional environment that influence plant management policies. This “SO- 
cial constructionist” school has favored explanations based on idosyncratic 
mixes of economic, social and political factors local to particular organizations, 
industries, regions, markets, and/or unions (Elbaum and Wilk; : son, 1979; 
Jones, 1982; Wilkinson, 1983; Elbaum, 1984; Kelley, 1986). 

Nonetheless, these social constructionist studies also show, sometimes un- 
wittingly, that although local institutional factors influence the relationship 
between technological change and skill requirements, automation is distinc- 
tively influential in that its effects are cumulative (Rosenberg, 1976). In a 
given plant at a given point in time skill is only loosely coupled to technology 
(Kelley, 1986); but over larger aggregates and longer time horizons, technol- 
o,gy’s “objective” requirements might become more salient since competition 
does not equallv support all skill configurations (Kelley, 1984a, see also the 
survey of NC mr,nagers by illiams and illiams, 1964; and Noble, 1979, p. 
42; 1984, p. 269). 

ate is conducte gent underlying concep- 
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tualizations of work content. Job evaluation uses a technical definition, iden- 
tifying mental, motor, perceptual and discretionary dimensions. Economic de- 
terminists use a human capital definition, conceiving skill as productive ability 
whose value is determined by competitive markets to be equal to the resources 
consumed in acquiring the ability (e.g., training). Labor process research uses 
a more social definition, focusing on worker autonomy. Social constructionists 
deny the applicability of any such generalized schemes, instead arguing that 
job content should be conceptualized in whatever terms the relevant actors 
themselves use. 

5.2.3 Work organization 
The effects of NC on work organization have been another favorite topic of 

both techno- and socio-dets. It has perhaps suffered the most from the reduc- 
tionism into which the debate often falls, and benefits the most from an ex- 
panded conceptualization of the debate. The central issue has been the effect 
of automation on the degree of the division of labor - particularly the sepa- 
ration of operating and programming responsibilities. 

Technological and economic determinists often posit a tendency for auto- 
mation to fragment tasks. From this perspective NC creates two new jobs (pro- 
grammer and operator) to replace the older one (machinist); the technical 
demands of the tasks are such that they should be separate jobs. 

Economic determinists hypothesize that the “Babbage principle” (Babbage, 
1835) makes it more efficient to use automation to divide jobs, since the wage 
bill for programmers and operators is lower thal it would be for a comparable 
group of machinists each of whom perform both tasks (Steffy et al., 1973). 

The political determinism of the labor process school assumes that auto- 
mation is used if and only if it consolidates management control over workers. 
It thus hypothesizes that NC is used to separate execution (operation) and 
control (programming) (Braverman, 1974). 

Symbolic determinists hypotherize that the efficiency or control properties 
of NC work organization are not as influential as norms and institutionalized 
implementation practices. They hypothesize that whether or not operators also 
program their machines is determined by national or local custom (Maurice, 
1986b). 

Evidence indicates that some separation of programming tasks from ma- 
chining tasks is a likely outcome of NC adoption since it offers important tech- 
nid and economic benefits that are often visible to managers (Steffy et al., 
1973). In the short-run and for the case of an individual firm this influence 
may be countered by local custom or managerial choice in response to other 
institutional forces. Recognizing this influence does not stop US from hypoth- 
esizing that in the long-run aggregate, the degree of special 
ming and setup is most strongly in 
mands of product characteristics. 



instance, the ILOW costly is the coordination of specialized functions relative 
to potential operating economies, and the lower is the optimal degree of spe- 
cialization and thus the more likely the programmer-operator combination 
will be in the long-run aggregate. 

5.3 Materials 

Although they are given little attention by either techno-dets or socio-dets, 
raw materials are nonetheless a major cost factor and they both condition and 
are influenced by NC (Steffy et al., 1973). Techno-det promoters of NC claim 
that the reliability of NC lowers scrap rates, making it less risky for firms to 
machine high-cost materials (Childs, 1969). At the same time, they caution 
that NC users become more dependent upon suppliers of raw materials, since 
programmed machine tools cannot respond to imperfections in castings as ef- 
fectively as can human machinists. Computerized monitoring of tool “chat- 
ter”, designed to automatically adjl:st to unforeseen cutting requirements, has 
been slow to develop (American Machinist, 1983b). 

Socio-dets might point out that the use of more expensive materials is a 
strategic decision made by managers. Some managers may choose not to ex- 
periment with new and unfamiliar materials, or may not be able to create sup- 
plier relations that ensure adequate casting quality. 

From an economic perspective the central issue is the market demand for 
products made from expensive and difficult-to-machine materials. If NC does 
bring the ability to machine new materials, the auestion remains whether there L 
is unsatisfied demand for such products. If so, then those firms whose man- 
agers are unwilling or unable to utilize these materials will be out-performed 
by those whose managers are willing and able. 

This suggests that, in competitive contexts, the socio-det view captures im- 
portant factors whose influence is felt primarily in the short-run local case; 
while the influences highlighted by the techno-dets will be found primarily in 
the aggregate long-run, and in more competitive markets. 

5.4 Product 

A major focus of NC researchers, product characteristics include the cost 
dimension - drawing our attention to the efficiency of NC and the role of 
labor in achieving the gains promised by techno-dets - and the other char- 
acteristics of th ortfolio -- highI’ e broader capabilities 

ole of labor and the uct market in realizing 



5.4.1 cost 

Many of the technical-economic efficiency claims made for NC - that NC 
generates savings in direct labor, quality, tooling and downtime costs com- 
pared to conventional machine tools - are far from established (Adler and 
Borys, 1986). In this paragraph we suggest that recognizing the influence of 
social factors on the efficiency of real NC installations affords a richer analysis 
that more closely reflects the experiences of individual NC-using firms; atten- 
tion to aggregate trends, on the other hand, prompts the need for refinement 
of the technological determinist approach itself. 

A first set of factors generating higher efficiency stem from NC’s technical 
capabilities: higher reliability, reductions in tooling and fixturing costs, im- 
provements in product quality, and less downtime all lead to lower operating 
costs for NC relative to conventional machine tools (Steffy et al., 1973; Put- 
nam, 1978; Dept. of Defense, 1978). 

In relation to the diffusion process, techno-dets often highlight these pro- 
jected cost advantages. A socio-det, however, might highlight the role that ex- 
pectations of technical performance play in the NC diffusion process. This 
approach suggests that actual performance characteristics are difficult and 
costly to measure and will fluctuate according to local conditions. The high 
cost of experimenting with NC by purchase of an NC machine tool makes 
vendor information and trade publications the primary sources of information 
about NC. Thus vendor promises may create myths about NC’s capabilities. 

Social forces on costs may be even more important in the implementation 
process. Human ingenuity remains a crucial influence in eliminating defects 
in automated systems (Shaiken, 1984). Machine shop efficiency demands that 
operators collaborate with part programmers to prolve out new parts and iden- 
tify programming errors. And if the high cost of NC relative to conventional 
machine tools demands lower downtime to extract an adequate return, this 
makes NC shops particularly susceptible to operator sabotage and neglect. 

A second, and more economic source of increased efficiency is the Babbage 
principle (Babbage, 1835). We have discussed the implications for job content 
of this argument above; here we would argue that when specialization occurs 
in the context of changiiig f: :ltomation levels, the expected hourly cost reduc- 
tions may not materialize, since automation not only eliminates tasks but also 
creates new tasks. 

A socio-det perspective on the Babbage principle highlights the effect of 
increased labor force control provided by the automation of the mat 
trol function. In this perspective, NC may lead to higher apparent productivity. 
It is not through increasing output per hour of work th 
ever, but through increasing the hours effectively wor 
man, 1974). 

n summary, w el might view the efficiency gains 
in tooling, fixturing, quality, downtime and labor costs as inevitable and im- 



manent in the technology, a socio-det model would argue that these improve- 
ments are neither inevitable - since realizing the technical potential depends 
on labor force skills and attitudes - nor immanent - since some of these 
attributes of NC are in fact attributes of labor control strategies. 

Ongoing debate in these areas could be clarified by recognizing the differ- 
ences between the short-term local and long-term aggregate effects posited by 
each argument. Technological determinist claims seem naively optimistic to 
the manager responsible for implementing NC; from this short-run, local per- 
spective, social forces loom large. On the other hand, the researcher concerned 
with aggregate trends might view the social factors as noise in the overall pat- 
tern of implementation. If competitive pressures are sufficient to eliminate the 
organizational forms that have failed to overcome the social barriers to tech- 
nical efficiency the remaining L -mms will display these efficiency effects. 

5.4.2 Product portfolio 
Techno-det claims about the flexibiiity of automated systems can be evalu- 

ated by considering the effects of NC on the firm’s product portfolio. The char- 
acteristics of the product, the batch sizes in which it can be efficiently pro- 
duced, and the range of product types that the plant can offer to its customers 
are all potentially affected by NC. Despite the attractiveness of these claims, 
it is neither clear that they are feasible, nor that they are profitable. 

As far as feasibility is concerned, techno-dets highlight several advantages 
of NC relative to conventional machine tcols: multi-axis capabilities, accuracy, 
reliability, and the ease of changing tooling and fixturing on NC machines. 
These technical characteristics, they suggest, will lead NC users to produce 
more complex parts, use harder-to-machine and more expensive materials, 
shorten their production runs, expand their part portfolios, and reduce their 
new product lead times (Childs, 1969; Belitsky, 1978; NC Society, 1981). 

A socio-det approach would suggest that actually achieving these improve- 
ments depends on the quality of operator, programmer, and maintenance la- 
bor. For instance, it has yet to be shown that fixturing costs, rather than shop 
organilzation, is the key constraint in achieving smaller batch sizes. Adler (1986) 
has pointed out that many other factors apart from technology stand in the 
way of firms that try to pursue such flexibility: the social and technical feasi- 
bility constraints are still very real. These factors may explain why firms don’t 
appear to be taking advantage of the potential product advantages of NC (Put- 
nam, 1978; Noble, 1984). 

As concerns the profitability of new product characteristics, the techno-dets 
assume that characteristics such as smaller batches are economically benefi- 
cial -that there is a latent market demand that NC will allow firms to exploit. 

us argue that the capabilities of new technolo- 
‘es of scope, rather than of scale. 
ave not been demonstrated. Appr 
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50-70%  of all machine p&s produced in the U.S. for example, are already 
handled in lots of less than 200 pieces (Kurlat, 1977) ,  and even smaller lots 
are typical in the U.K. (Childs, 1969). have found no research to demon- 
strate the existence of latent market demand for these characteristics, nor of 
NC’s ability to stimulate and/or tap it. 

In this discussion of product portfolio changes, we see again an opportunity 
for synthesis based on the local/global distinction. The social factors seem to 
act as “impediment91’ to greater flexibility, rather than shaping longer-term 
global trends. Conversely, the reduced cost of flexibility may not immediately 
find a market, but might, through competitive pressure over the longer-term, 
be expected to encourage the emergence of greater demand for greater variety. 

5.5 Management 

We argue throughout this paper that aggregate diffusion of new technologies 
is influenced by firm implementation and vice-versa. But the goals and capa- 
bilities of a management mediate the diffusion-implementation relationship 
at all points. 

First, as we have already seen, management actively mediates relations be- 
tween the firm’s equipment base and vendors, between its materials and sup- 
pliers and between its labor force and the broader labor market. Second, the 
factors of production and the product characteristics are a function of the re- 
sources management brings into the production process, management’s ability 
to orchestrate this process, and management’s expectations regarding the prof- 
itability of its operations. Third, we can identify a direct linkage between man- 
agement and some specific environments, such as the regulatory environment 
and the broader context of societal values. 

Across these three locii of management influence, we propose to distinguish 
two transversal characteristics: management objectives and resources. We have 
already identified the numerous points at which management objectives 
(strategy) intervene in the diffusion and implementation process. There are 
also several points at which resources become critical. 

First, the adoption of and adaptation to NC may be mediated by the char- 
acteristics of plant management ( any machine shops 
are small jobbing shops, owned a hinists. A techno- 
det would point out that job-s ts tend to be less e 
with advanced technologies, a 
be rather conservative. An economic determinist wo 
difficulty of access to financial resourc 
det counter-argument might be that 
small shop is more favorable to inno 

e 
corporate network and which may be concerned primarily with meeting budg- 



ets rather than with improving productivity. Mansfield et al. (1977) also found 
that organizational complexity, measured by the number of decision-makers 
involved in adoption decisions, slows the adoption process. 

Second, management decisions to adopt new technologies are influenced by 
the availability of information on the technologies’ capabilities and require- 
ments (Mansfield, 1968): the availability of vendor information, as well as 
management’s confidence in its veracity; management’s previous experience 
in implementing new production technology; and management’s awareness of 
similar firms using NC should influence adoption decisions. 

Socio-dets and techno-dets argue about relative roles of social and efficiency 
factors in shaping management objectives and resources. We have elsewhere 
suggested that both socio-dets and techno-dets can rather easily agree that the 
influence of technical and economic forces is probably greater in governing the 
evolution of the firm’s equipment than their influence on the evolution of other, 
more subjective, facets of the firm, such as its culture (Adler and Borys, 19$$b). 
But beyond this agreement, socio-dets and techno-dets will inevitably disagree 
profoundly on the relative importance of social and technical factors in shap- 
ing management’s role in the short or the long term process of diffusion and 
implementation. 

5.6 Performance 

Our model positions performance as the result of the intersection of the 
firm’s output cost and product characteristics on the one hand and the market 
and competitors’ actions on the other. 

Socio-det perspectives often argue not only that firm performance is the 
resultant of a range of technical-economic performance factors, but also that 
several different combinations may be feasible, and thus that the precise com- 
binations observed are determined by social forces. Moreover, socio-det ap- 
proaches often allow management a considerable degree of latitude in defining 
criteria of effectiveness of implementation (Zaltman et al., 1973). 

Techno-det approaches, on the other hand, tend to minimize the range of 
viable alternative technical options and generally see technical-economic im- 
peratives as imposing relatively unambiguous criteria of effectiveness (e.g., 
Aldrich and Pfeffer, 1976). Techno-det models emphasize the power of com- 
petitive selection, arguing that, while various patterns of diffusion/implemen- 
tation may exist at any point in time, not all of them are equally competitive. 
They argue that less effective combinations will not survive long the force of 
competition in the market and the pressure of managerial adaptation to these 
competitive constraints. 

the ‘enactment’ mo 

to “evolutionary implem 
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either realization of management choice or blind adaptation to environmental 
ajone and Wildavsky, 1978). 

Some view these alternative perspectives as a sign that organizational re- 
search on “effectiveness” has fallen into a morass (Goodman et al., 1977). In 
part, this morass is due to the difficulty of separating normative and descrip- 
tive aspects of the problem. If, however, we take a purely descriptive approach, 
the scope conditions we have proposed at several points bring some clarity t 
this debate. We can grant with t socio-dets that different stakeholders have 
potentially divergent interests. t over the longer term, it is the technical- 
economic conditions which give greater or lesser latitude for actors to define 
effectiveness and performance in alternative ways. In very munificent envi- 
ronments, enactment and equifinality may predominate. In more competitive 
environments, profitability will assert itself independently of any individual 
actor’s will. The firm can certainly reach out and attempt to reshape the en- 
vironment, by building long-term relations with customers and alliances with 
competitors. But the environmental context will also govern how much lati- 
tude the firm has in this process. 

5.7 Environment 

As indicated by Fig. 2, the environment affects each of the six other factors 
in our model. The scope of the environment involved in each of these factors 
will differ from firm to firm: Some firms compete in local product markets, 
while others compete more globally. Similarly, the labor market for some jobs 
is more geographically limited than that for others. Rather than att,empt to 
account for the numerous organization-environment linkages across al.1 these 
factors, we suggest that two concepts - resource scarcity and information 
complexity (Lawrence and Dyer, 1983) - can capture the overall contours of 
these relationships. After we describe these concepts, we discuss the implica- 
tions of broadening the scope of the environment. 

5.7.1 Two dimensions of the environnent 
Resource scarcity a-Xects the ability of the plant to purchase automated 

equipment. While corporate finance theory assumes that there is no such thing 
as capital shortage, capital rationing is nonetheless a commoli experience for 
managers. If a plant “cannot afford” NC, it won’t implement 
have the slack resources to experiment with new production me 
uct characteristics. “Lack of capital” is a reason commonly cited by firms who 
have not adopted NC ( utnam, 1978, pm 100). I 
larly munificent environments may forego inve 
nology, since there is little need to modernize 
curvilinear relationshi 

C is thus 
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Tangil& resources are not the sole environmental factor in NC diffusion 
and implementation. In a rapidly changing and overly uncertain environment, 
the planning capacities of managers may be exceeded. Thus they will not be 
inclined to invest in new technologies (particularly those that are expensive 
and may entail significant start-up costs). In a very stable an 
environment, on the other hand, managers would also tend to forego adoption 
of NC because they would see no reason to change. thus hypothesize a 
curvilinear relationship between information complexity and propensity to 
adopt NC. 

As we argued in the previous subsection, management has considerable lat- 
itude in how it interprets the resource scarcity and information complexity 
characteristic of its environment, and in the short-term, there is a considerable 
degree of equifinality. But over longer time horizons, individual firms ignore 
the technological and economic constraints at their peril; over larger aggre- 
gates, in anything but exceptionally munificent environments, the objective 
states of resource scarcity and information complexity will shape the process 
of adaptation. 

5.7.2 Local, national and international environments 
Socio-dets have argued that their case is strongly bolstered by the persist- 

ence of significant differences in NC use patterns across countries. British 
machining operations, for instance, tend to use less-skilled workers than their 
West German counterparts (Hartman et al., 1983). Such patterns might con- 
ceivably result from widespread managerial habits, rather than economic ra- 
tionality or technological imperatives. What if, for example, the “myth of de- 
skilling” (Adler, 1984) were so wide-spread in a given country that all machine 
shop managers assumed that NC required less-skilled operators, despite objec- 
tive evidence that higher-skilled workers would increase their performance 
(such is the basic argument presented by Shaiken, 1984)? Given the complex- 
ity of the interdependence of the variables we have examined, it is not incon- 
ceivable that such an ideology might outweigh technology and economics - 
especially if the illusion were so widespread and market conditions such that 
more efficient competitors were not sufficiently numerous to drive the idea- 
logues out of the market. Indeed, recent socio-det studies of machine tools 
utilization patterns in France, Germany and Japan show that these patterns 
reflect deep constraints imposed on management by the national educational 
and social systems ( aurice, 1984,1986a). 

owever, the cross-national comparisons used by these socio-dets are typi- 
hether they represent enduring national features depends 

ial factors vis-h-vis the pressures of efficiency 
ssures can arise from intra-country, inter-com- 

unately, the socio- 
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Fig. 3. F’orces in and on the firm that shape diffusion and implementation (adapted from Zald, 
1970). 

attention to these pressures, leading to some truncation of an important de- 
bate. The available qualitative indices of plant performance do in fact indicate 
a relative superiority of the German and Japanese approaches over th 
and French (Daly et al., 1985). Such indices would lead a techno-d 
pothesize that increased international competition will lead to the interna- 
tional diffusion of the superior patterns - er a very long time horizon. 

Unfortunately, international studies on NC 
degree of within-nation uniformity in utili 
data on the efficiency of the national fir 
which the machine-tolo users compete. 
tell how long these distinct utilization p 

rces on eat 
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marize these discussions with a chart that expands and refocuses Zald ( 1970), 
by clustering the technological, economic, political, and symbolic forces dper- 
ative in and on the organization (SW Fig. 3). 

In reviewing these alternative ex;Aanations, we conclude that it is no coin- 
cidence that most socio-det research on NC has focused on individual firms, 
while most techno-det research h;ls examined larger aggregates. If we partition 
Fig. 3 into four quadrants, we can see that the case for the influence of political 
anu “J ***NV--W. _ - _ 2 _‘k_ d ~~7mbol;r forces is barticularly strong in Quadrant 3, within the individual 
firm. The extrapolation of this fin ing to Quadrant 4, the broader environment 
of larger aggregates of firms, is less compelling: in anything but exceptionally 
munificent environments, technological and economic forces would predomi- 
nate at this global level. If we have argued that time-horizon is a second key 
scope condition, it is because management does have a real margin of man- 
oeuvre, and much adaptation to techni 1 forces only happens through trial- 
and-error and through competitive sele 

In sum, we have argued that, rat er than adopting either the techno-det or 
socio-det alternatives, researchers should (a) acknowledge the difference in 
level of abstraction between fundamental forces and the various factors that 
embody them: (b) broaden their focus to include a multiplicity of fundamental 
forces rather than dogmatically insisting on t.he role of only one; and (c) assess 
whether the articulation they propose of these forces and factors - and in 
particular the relative causal weights cf the various forces - is influenced by 
the time span and level of aggregation. 
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