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ABSTRACT

ORGANIZATIONAL TECHNOLOGY, STRUCTURE AND ENVIRONMENT:
THE PULP AND PAPER LOGGING INDUSTRY OF QUEBEC

By

Camille Georges Legendre

The proposition that production technology constitutes a major
determinant of the structure of organizations has been the object of
much debate in organizational circles in the recent years. Yet,
empirical studies focusing on this topic have often contributed to
cloud the issue rather than clarify it. A large number of these
studies ignored the impact of the enviromment, in particular the phy-
sical environment, on organizational structure and on the relationship
between technology and organization. Almost all these studies have
neglected to simultaneously consider the three levels of organization
(the individual, the work group and the organizational structure) in
their analysis. The dearth of longitudinal studies is seen as another
factor which has prevented further progress on that issue.

This dissertation is the longitudinal study of the technological,
organizational and envirommental changes which, in the last thirty
years, have transformed pulpwood logging in Quebec from a pre-industrial
agrarian harvesting activity into an industrial production system. This
study of four large pulpwood logging organizations is based on inter-
views with management officers and a wealth of information gathered
through an intensive search of written material. The results of the

study confirm the determinant influence of technology on the structure






of organization. The extensive mechanization of logging operations has
been associated with the bureaucratization of logging organizations.
However, the particular social (labor supply characteristics) and
physical enviromment (raw material, climate, etc.) in which these
organizations operate has contributed strongly, because of the large
amount of uncertainty which it creates, to limit the effects of the
"rationalization" process undertaken by logging companies. As a result,
logging organizations do not show the degree of bureaucratization (for
instance, forms of control and degree of centralization) which is
expected from organizations involved in the mass production of a simple
product,

The author concludes that more attention should be given to longi-
tudinal studies and to the analysis of the effects of the physical
environment on organizational structure in other "harvesting" industries

such as mining, fishing and farming.
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INTRODUCTION

The major focus of this dissertation is the problematical relation-
ship between technology and organization, that is here, between the
technology of the production system and the structure (and its charac-
teristics) of industrial organizations. This relationship, however, is
examined within the set of conditions created by the total environment
of these organizations, a dimension of research which has been relative-
ly ignored in the past studies. The influence of production technology
on the organizational structure is studied in the case of the woodlands
divisions of four major Canadian pulp and paper companies having their
headquarters located and major logging and manufacturing activities
concentrated in the province of Quebec (Canada). In the past three
decades, the system of production and the organization of their logging
activities have been radically modified by major technological and
organizational changes. They went in fact through delayed processes of
industrialization and bureaucratization which transformed their agra-
rian type of harvesting operations into truly industrial production
systems. This evolution provides a very good opportunity to study the

impact of technology on organization.
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2
Industrialization and Bureaucratization of the Logging Industry1
Until the late 1940's, logging was still generally at a pre-

L1

industrial stage characterized by its "complémentarité" with agriculture
(reverse seasonality -- see Chapter 7, section I-B for details about
"complémentarité'). The mass production of a simple and standardized
semi~-finished product, it was done with a relatively primitive tech-
nology requiring skills and equipment which were traditionally used on
the farm., Being an extensive mode of production plagued by low produc-
tivity, it required a large number of men during the short period of
four or five months of the winter during which it was scheduled. This
large labor force was basically recruited among farmers and their sons
who used logging employment during the low period of agricultural
activities of the winter to add a cash supplement to their basic farm
income. Under these conditions,2 logging companies relied on a system
of local "entrepreneurs'" (or "jobbers') who contracted for a fixed
price the production of a small amount of pulpwood every year (usually
around 5,000 cords) and recruited their labor force from the area sur-
rounding their place of residence.

After World War II, several changes in the environment of the

industry3 resulted in a labor shortage which forced logging companies

lThe emergence and development of these industrial bureaucracies need
only to be briefly summarized. here to introduce the topic of the
dissertation. It is treated at length in Chapters 4 and following.

2 R . cqs . .
That is, spatial inaccessibility and dispersion over large areas,
labor recruitment problems, etc.

3These environmental changes included structural transformations in agri-
culture (due to the mechanization of production, changes in the demand
for farm products and a general fall 'in prices), increasing industrial
developments and sources of employment, rapid urbanization and a

greater demand for pulp and paper products.
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first to extend the period of their operations and later to increase
their productivity by mechanizing their system of production. The
traditional "complémentarité" between logging and farming progressively
disappeared in favor of a greater differentiation between the two eco-
nomic activities. This, and a host of other interrelated factors such
as labor unionization and rural-urban migrations, created important
shortcomings in the traditional entrepreneurship system and progres-
sively pulp and paper companies took over all the logging activities
through their woodlands divisions and replaced the '"jobbers'" by company
men, general foremen or superintendents.

This double process of mechanization and bureaucratization implied
many other changes4 of which the following examples constitute only a
few illustrations:5 (a) a sustained raise in productivity (70% over
the period 1954-55 to 1965-66); (b) an almost twofold increase in wages
between 1957 and 1965 (raising the cost of labor per unit of output
despite the gains in productivity); (c) extensive occupational changes
(for instance, elimination of certain occupations and large increases
in the proportion of maintenance and service occupations); (d) an
extension of the annual period of operations (from the traditional four
or five fall and winter months to the present nine to ten month yearly
period); (e) an increase in the volume of production and the size of
the logging camps respectively from 5,000 cords to well over 100,000

cords per year and from about 60 men up to 300 and more men; (f) a

4They are the object of detailed analysis in Chapters 3 and following.

5See~Duncan R. Campbell and Edward B. Power, Manpower Implications of
ProSpectiveiTechnolggigal Changes in the Eastern Canadian Pulpwood
Logging Industry (Ottawa: Research Branch, Department of Manpower and
Immigration, Research Monograph No. 1, June 1966), pp. 20-40.
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A
significant decrease in the labor force requirements (for instance, from
35,000 workers in 1956-57 to 17,500 in 1969-70) despite a much larger
annual volume of production; (g) a lower rate of labor mobility and
turnover (although, as the analysis of the labor supply shows in Chap-
ter 7, this problem is far from having been satisfactorily solved).
According to the literature on organizations, since logging acti-
vities consist in the mass production of a simple and standardized
product, logging organizations should have developed a fully bureau-
cratized structure following the mechanization and reorganization of
their production technology. Superficially, this seems to be the case
as we will see later. However, a close study indicates that logging
operations have come short of being completely routinized and logging
organizations of becoming fully bureaucratized. The former can be
briefly illustrated here by the fact that the work-flow is frequently
disturbed and interrupted for short periods of a few minutes as well ag
for long ones lasting several days and even weeks. The lack of bureau-
cratization is demonstrated for instance by the failure to implement
systematic control at the production level on the work situation (high
variations in productivity, high rate of absenteeism and turnover,
absence of disciplinary measures, piece-work system of remuneration,
etc.) and the maintenance of recruiting and hiring practices which have
remained particularly traditional in their reliance upon personal ties.
The explanation of this situation must be found in the nature of
the physical and socio-economic environment within which these organi-
zations operate. Accordingly, logging organizations have been unable so
far to reach the degree of precision in the planning and forecasting of

their achievements which would lead to complete bureaucratization
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because of the uncertainty created by their environment. These organi-
zations are still dominated: (a) by the great amount of variations
encountered in the timber resource, the terrain, the weather and the
climate; (b) by the particular nature and attitudinal characteristics
of their labor force (lack of training, education and qualificatioms,
instability and occupational mobility, independence and low social
status of logging occupations in general but especially production
ones); and (c) by some of the social characteristics of the technology
of the system of production (medium to high control of the workers over
most of the equipment and phases of the production process).

Despite the persistence of the above mentioned behavioral and
organizational "anachronisms' up to this day, it is possible to argue
that it is simply a matter of time and more sophisticated technology
before everything gets straightened out and that logging organizations
become fully bureaucratized as they are expected to be according to
recognized organization theory.

No doubt, further progress will be (are actually) made in this
respect, However, it is my contention in this study that the present
conditions will not be completely modified, at least not in a foresee-
able future, and that the persistence of some of them, for instance,
spatial dispersion, physical environmental conditions, social isolation

and workers' job control, will prevent logging organizations from

becoming fully bureaucratized. In the meantime, they will have to

6

avoid the mistake of a "premature rationalization"", the negative

6Charles Perrow, Organizational ‘Analysis: A 80ciplogical View (Belmont,
Cal.: Wadsworth Publishing Co., 1970), pp. 47-48.
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consequences of which have been well documented by previous studies of

the mining industry.7

Sociological Relevance of the Study

Thé historical study of these recent technological and organiza-
tional changes in the logging industry constitute a unique opportunity
to explore some empirical evidence which will hopefully contribute
toward a more satisfactory theoretical as well as methodological under-
standing of the role of production technology in the structuring and
functioning of complex organizations. It should also provide us with
greater evidence on the impact of the environment of organizations and
the means developed by organizations to cope with it, especially the
physical or ecological environment which has been much neglected in the
past. This is much needed. 1Indeed, since technology, following
Woodward's pioneering study, became the focus of much attention in the
literature on organizations, the discussion and the evidence brought to
bear on it have not led yet to a totally clear understanding of the
relationships between these two elements and such others like size and
environment, If the existence of these relationships has been well
documented, their nature and texture have been much less well demon~
strated. As a result, Woodward's question is still of actuality: '"How
far does technology influence the formulation of social organizational

structure inside an industrial setting?"8 If technology alone cannot

7E. L. Trist and K. W. Bamforth, '"Some Social and Psychological Conse-~

quences of the Longwall Method of Coal-getting", Human Relations, 4, 1
(February, 1951): 1-38; A. W. Gouldner, Patterns of Industrial
Bureaucracy (New York: The Free Press, 1954).

8 . ;
Joan Woodward, "Automation and Technical Change: The Implications for
the Management Process', in Charles R. Walker (ed.), Technology,
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7
explain the structural characteristics of industrial organizations as
should be expected, how should the other factors such as the environ-
ment, which should be taken into consideration, be incorporated into
acceptable theoretical schemes for use by researchers?

These are the basic theoretical objectives of this research. There
are also some methodological and empirical objectives. The study should
contrib;te to examine some of the empirical findings found in other
works which concern more particularly large batch and mass production
organizations. It constitutes also an evaluation of the utility of some
of the concepts, categories and operational definitions which have been
used previously by other students of industrial organizations. Its
major methodological originality, however, is the use of an historical
approach which permits the analysis of organizational change and can lead
to the inference of causal relationships between the variables under

study.9

‘Industry, and Man. The Age of Acceleration (New York: McGraw-Hill,
1968), Ch. 7, "The New Technologies and Management", pp. 176-189:
p. 185,

9Allen H. Barton, ''Organizations: Methods of Research", in David L.
Sills (ed.), International Encyclopedia of the Social Sciences (New
York: The Macmillan Company and The Free Press, 1968), Vol. 11,
PP. 334-343: p. 336,







CHAPTER 1

TECHNOLOGY AND ORGANIZATION: THEORETICAL AND

METHODOLOGICAL CONSIDERATIONS

"A society's solutions to its techno-
logical problems tend to function as
a set of prior conditions that limit
the range of possible solutions to
its organizational and ideological
problems."

(G. Lenski)

The proposition that material technology (by opposition to social

technology) constitutes a major source of influence on organizations

has become the topic of a relatively large number of studies and essays
in the last three decades. Most of them have described the influence

of the technology of the system of production on various aspects of

organizational life at one of three levels of focus: (a) the individual
level, workers' job satisfaction, motivation and morale, workers'
alienation, individual organizational behavior in general and life out
of work; (b) the work group level, personal interaction, work group

behavior and supervision, etc.; and, finally, (c) the organizational

level at large, structural characteristics, inter—organizational rela-
tionships, etc. This last level of concern is more recent and there
have been "few attempts to measure technology as an organizational

or systemic variable."lO However, recent developments have led to a

good deal of progress and also controversy.

lOJohn Child and Roger Mansfield, ''Technology, Size, and Organization
Structure," Sociology, 6, 3 (September, 1972): 369-393, p. 373; see
also D, Hickson, D. S. Pugh and D. C. Pheysey, 'Operations Technology
and Organization Structure: An Empirical Reappraisal," Administrative
Science Quarterly, 14, 3 (September, 1969): 378-397.
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Some writers have referred to it as the technological debate and
identified several opposing schools. The "technological school"
tenant of a "technological imperative" is confronted by the '"size
school" and the "environmental school," both equally supporting res-
pectively their own imperative.11 The debate is not over yet, since,
as this chapter should indicate, there are strong indications that the
nature of the relationship between technology and organization needs
further systematic formulation and exploration.

The objective of the present chapter is to present my interpreta-
tion of the debate and to propose this research as a contribution to it.
I see this contribution as severalfold. Firstly, as a review of the
literature shows, previous studies have approached the problem from
limited perspectives. The multifaceted impacts of technology on organ-
ization have not been considered together, thus ignoring the wholeness
of reality and artificially limiting the possibilities of understanding
the underlying dimensions of the relationship. In this study, I sug-
gest to analyze the impact of technology simultaneously at the indivi-
dual, work group and organizational levels as an essential part of our
understanding of the relationship.

Secondly, so far, participants in the debate have been arguing on
the basis of cross-sectional studies alone, some of them lamenting that

the establishment of causal relationships would require historical

llSee Hickson et al., op cit.; Child and Mansfield, op. cit.; J. Child,

"Organizational Structure, Environment and Performance: The Role of
Strategic Choice," Sociology, 6, 1 (January, 1972): 2-22; W. V.
Heydebrand (ed.), Comparative Organizations (Englewood Cliffs, N.J.:
Prentice-Hall Inc., 1973), p. 22.
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10
studies, but they had no such studies to proceed with further in their
discussions. I present such a study here and, in Chapter 2, will dis-
cuss the original contribution of historical studies to the analysis
of causal relationships.
Thirdly, previous studies have very often ignored the intervening
influence of the environment (particularly the social and ecological

(physical) environments of organizations) on the relationship between

technology and organizational structure. This study will demonstrate
that this is an important oversight which may have contributed to

increase the confusion in the discussion of the problem.

The perspective taken in this study is a comprehensive one in

which an attempt is made to analyze and understand the reality in its

totality, its wholeness. As Heydebrand suggests,

...an understanding of organizational structure cannot
be obtained from the correlation of any two character-
istics alone. While the relationships between size,
complexity, division of labor, professionalization,
bureaucratization, and other variables have been studied
before, it is the complex pattern of their interrelations

which constitute the '"nmew reality" of organizatiomal
studies.l2

It is this "new reality" which I am pursuing in this study.
As will become readily apparent from the review of the literature,
a good deal of confusion stems from the lack of uniformity in previous
studies concerning the definition, operationalization and measurement of
key variables like technology, size, environment, etc. This confusion,
no doubt, has added fuel to the present debate on the '"technological

imperative.'" 1In the second part of the chapter, I will elaborate on my

leeydebrand,'oR. cit., p. 41.
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efforts to avoid conceptual confusion and duplication, and to inte-
grate various dimensions of the key wvariables together.
In summary, the following discussion of the literature should
indicate the major sources of influence on the approach that I am

taking and the choice of variables and dimensions of the framework

which I use in the study.

I. Technology-Organization: Findings

An exhaustive review of the research done so far would, no doubt,
offer some interest, but does not appear warranted for the purpose of
this study.l3 Rather, a selective review of some of the better known
works which seem particularly relevant here will suffice to illustrate
the different approaches mentioned above, their major findings, some
of the problems which remain to be solved, and what has been learned
from them for the present study. The relevant literature will be
briefly examined by focusing successively on the three levels of organ-

izational life previously mentioned: individual, group and structure.

A. Technology and the Worker

The research done on the impact of technology on workers is
mostly interesting here for its implications about workers' job
control, technological constraints on working conditions, supervision

and managerial control and coordination.

13See, for instance, Charles Perrow, "A Framework for the Comparative
Analysis of Organizations,' American Sociological Review, 32, 2
(April, 1967): 194-208, for a good review of the literature before
1967. Also James C. Taylor, 'Some Effects of Technology in Organi-
zational Change,'" Humarn Relations, 24, 2 (April, 1971): 105-123, and
R. G, Hunt, "Technology and Organization," Academy of Management
Journal, 13, 3 (September, 1970): 235-252.
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Walker and Guest™ " are among the pioneers who studied the influ-

ence of production technology on workers' behavior and '"the social
structure of in-plant society." Their analysis of assembly-line work

in an automobile plant showed that it contributes to deprive workers

of job satisfaction, to encourage absenteeism and occupational mobility
(turnover), and the development of an instrumental attitude toward work.
Assembly work further impedes the development of strong social relation-
ships, resulting at best in the creation of loose groups of five or six

operators working in adjacent stations.

Assembly-line technology...is repetitious, machine-paced,
involves a minimum of skill, the use of pre-determined
techniques, a minute sub-division of the product and
calls for only a limited degree of attention so that

the work can be done "automatically.'" Moreover, social
interaction between assembly-line workers is limited by
the noise, which makes talking difficult, by the need

to keep up with the line and to remain in one place to
do so and by the individual nature of each man's work.
Workers do not work in groups or teams but each performs
an individual task, taking on the average, one and a
quarter minutes per operation.

More relevant to my concern here, this situation indicates the
lack of control of workers on their jobs and affects also authority
relations. Thus, foremen cannot initiate any interaction to change
working conditions since these conditions depend on the basic techno-
logy of this industry and work organization can be modified only by the
experts who designed it in the first place. Since men do not develop
much group cohesion because of their isolation at different work

stations, supervisors do not get any group support in their attempt to

'j-' .
4Charles R. -Walker and Robert H. Guest,'The’M?n on_the Assembly Line
(Cambridge, Mass.: Harvard University Press, 1952).

5D. Silverman, The Theory of Organizations (London: Heinemann, 1970),
p. 105.
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change working conditions. Walker and Guest's study is remarkable for

its analysis of the various technological constraints (noise, attention
requirements, spatial confinement, etc.) and their immediate effects on
workers' morale and social interaction. But unfortunately, it is
adversely affected by the narrow perspective of plant sociology and

does not go beyond the supervisory level in its analysis of the impli-

cations of technology on the organization.

In a much different comparative study of four industries (printing,
textile, automobile, and chemical), characterized by four different
production technologies (craft, machine-tending, assembly-line, and

continuous-process), Blaunerl® established a relationship between the

type of production technology and different forms of alienation (power-

lessness, meaninglessness, self-estrangement, and social isolation) and
their intensity. His research was based on the belief that

variations in technology are of critical interest to
students of the human meaning of work because techno-
logy, more than any other factor, determines the nature
of the job tasks performed by blue-collar employees and
has an important effect on a number of aspects of alien-
ation. It is primarily the technological setting that
influences the worker's powerlessness, limiting or expan-
ding the amount of freedom and control he exercise in
his immediate work environment. Technological factors
are paramount also in their impact on self-estrangement,
since the machine system largely decides whether the
worker can became directly engrossed in the activity of
work or whether detachment and monotony more commonly

result.1l?

However, Blauner's study is not especially interesting here for
the relationship which it established between technology and various

dimensions of alienation, but for other characteristics of his approach.

16Robert-B1auner, Alienation and Freedom: The Factory Worker and His
Industry (Chicago: The University of Chicago Press, 1964).

"ten., p. 8.
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In particular, technology is seen as determining also the degree of
cohesion among workers by its influence on the size of industrial plant
and by its structural impact on "the existence and form of work groups."

Thus,

Even the nature of discipline and supervision to some
extent depends on technological factors. And technology
largely determines the occupational structure and skill
distribution within an enterprise, the basic factors in
advancement opportunities, and normative integration.18
Focusing on the man-machine relationship, Blauner referred to tech-
nology as the system of tools and mechanical equipment on the one hand,
and of technical "know-how'" and mechanical skills involved in their use
in the production operations on the other hand.19
He considered three factors influencing the type of technology
employed by a firm: (a) "the over-all state of the industrial arts';
(b) "the economic and engineering resources of individual firms"; and
(c) "the nature of the product manufactured" (its exclusivity or diver-
sity, and its structure). However, as it will become evident later, his
indirect measure of mechanization based on the three following indica-
tors could not be used in this study for its lack of refinement. These
indicators are: (a) '"capital investment per production worker," (b)

"value added by manufacturing per production worker," and (c) "propor-

tion of maintenance costs of total payroll."20 Of more interest for

181hiden.

l9Lead:’mg to the four types of technology mentioned above (craft,
machine-tending, assembly-line, and process-production) which closely
parallel Alain Touraine's classification in L'évolution du travail
ouvrier aux usines Renault (Paris: Centre National de la Recherche
Scientifique, 1955).

20Martin Meissner, Technology and the Worker (San Francisco: Chandler
Publishing Co., 1969), p. 247.
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the present study is his consideration of the characteristics of the
environment as they affect each industry. Blauner considered three
dimensions of the environment: the division of labor, the industrial
social organization, and the economic structure. With few exceptions
(for instance, Gouldner's study of a mining organization),21 environ-
mental variables were neglected in the past and their consideration is
certainly necessary as I will argue later.

In a different comparative study of job satisfaction by Turner and
Lawrence,22 the technology and environment of industrial organizations
were found to be important factors of variation. The objective of
these writers was to analyze the responses of workers (in terms of
attendance to work and job satisfaction) '"to technologically determined
variations in the nature of their work."23 Their central hypothesis
was that there is a positive relationship between the complexity of the
job and the attendance to work and job satisfaction. This hypothesis
was partially confirmed. The relationship held true for attendance but
failed to materialize in the case of job satisfaction. Control tests

were made for several supplementary variables: situational factors

(pay and satisfaction with the company, the foreman, the work group, and

the union); individual characteristics (age, education, seniority in the

company, and an F-scale personality measurement of 'authoritarianism');

and, finally, perceived task attributes (the amount of variety, autonomy,

21, .,
Alvin W, Gouldner, op. cit.

ZZA, N.. Turner. and Paul..Lawrence, Industrial Jobs and the Worker: An
Investigation of Response to Task Attributes (Boston: Harvard
University Press, 1965).

3They'devélbped a scheme to classify and measure relevant task attri-
butes and applied it to 47 different jobs in 11 companies. For each
job, they had 10 workers answer a questionnaire focusing on job satis-
faction and related matters.
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interaction, responsibility, knowledge and skill required by the task
as perceived by the workers).24
Theirs was a concern with the human factor in the tradition of the
Hawthorne school. According to them, studies in this tradition showed
that "social and interpersomal factors (were) more relevant in under-
standing worker's behavior than many of the economic and technological

'logics'" usually relied upon by job designers. Implicit in their re-

search objective was ''the idea that workers' response to task attributes

could and should become a more important factor in job design."25

Indeed, technological progress increases the frequency with which jobs
are redesigned and creates a greater need to understand workers' res-
ponse to variations in task attributes determined by technology.

However, if they wanted to study the influence of technologically
determined task attributes on workers' response, they recognized at the
same time the intervention of several important social and interpersonal
variables in the relationship.

We realized that others had tried unsuccessfully to
make this leap from 'determinants' of behavior to
final response, without studying how the determinants
were mediated through social organization at work.
Nevertheless, we believed the attempt worthwhile
because, as explained below, the particular manner

in which we planned to study task attributes had not
been attempted before, and because we hoped to de-
sign our study so as to control most of the other
influences on worker responses.

24The nature of the task attributes which they considered constituted a
progress over previous studies. They used six attributes which they
combined in an index (the "requisite task attributes index"): variety
(object and motor), autonomy, required interaction (on and:'off the
job), knowledge, skill and responsibility. For some of the problems
which they had with their index, see Meissner, op. cit., pp. 251-252,

25 . ' '
Turner  and Lawrence, op. cit ., p. 2.

26Idem., p. 11.
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Finally, they found that an external variable, community size
(small town versus city), was the key variable to account for the
relationship between task attributes and workers' satisfaction.
Workers from cities had a significant tendency to be satisfied with
lower rated or less demanding jobs.

That an envirommental factor (a subcultural variable) became the
key explanatory variable constitutes a major conclusion of their study
which should be retained here. However, this variable was discovered
and added to their scheme just before completing the study27 and their

original model suffered the same shortcoming found in the human rela-

tions school approach: a premature closure of the system under scru-
tiny excluding socio-cultural elements of the larger society in which
the industrial sub-system is operating. This indicates that environ-
mental variables should be included in the theoretical framework of

studies dealing with organizations whenever possible.

B. Technology and the Work Group

From studies of the influence of technology on individual workers'
attitudes and behavior, we thus can learn a good deal about the concept
of technology itself, the consequences for the organization of the
impact of technology at the worker level, and the role of such factors
as the environment of the organization. Similar conclusions can be
obtained from studies focusing on the influence of technology on work
groups.,

Sayles for one, used an approach similar to the one adopted by

Walker and Guest to analyze the behavior of industrial work groups in

2T1den., p. 14.
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relation to the organization of work and technology. He considered
that the behavior of work groups, contrary to accepted beliefs, is more
different than similar because ''the technology and organization of the
plant are the architects of the work group, constructing with the mater-
ials of human interaction a variety of types of groups."28 Once groups
have been identified on this basis, it is possible to predict their be-
havior toward the enterprise and the union and to identify their dif-
ferent strategies.

Thus, in his analysis of workers' behavior in thirty plants (mostly

processing and a third of them in the automobile industry), Sayles used

four technical characteristics: task differentiation, workflow and
dependence, machine pacing, and required interaction. On this basis,
and according to work groups' grievance behavior (for instance, the
amount of grievance, consistency, concertedness and intensity of protest
activities), he identified four types of groups: apathetic, erratic,
strategic, and conservative.

Similar, if more limited, conclusions were found by Gouldner in
his study of the mining and plasterboard manufacturing operatiomns of a
gypsum firm.29 His study clearly demonstrated the influence of techno-
logy on the structure and the degree of cohesion of work groups, work
groups' strategies vis-3-vis management, and the impact of these factors
on the organization. Thus, in contrast to the lack of group cohesion,

control and autonomy of the conveyor-paced workers of the board mill, a

28LQ R. Sayles, Behavior of Industrial Work Groups (New York: John

Wiley, 1958), p. 3.

) _ oL
9Gou1dner, op. cit.
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high degree of work group cohesion was observed in the mine where
workers had a large measure of autonomy and control on their jobs and
where a greater amount of interaction was technologically required. As
a consequence, Gouldner observed a ''greater permissiveness in relation
to infraction of rules'" and a '"lesser influence of the supervisor's
authority"30 in the mine than in the mill, and more generally two dif-

ferent structures of organization: the organization of the mine being

much less bureaucratic and 'bureaucratizable'" than the organization of

the mill.

Gouldner's study showed also that it was a mistake to modify the

structure of organization (and style of management) without recognizing
the demands created by the socio-technical conditions of production.
Gouldner went further in suggesting the necessity to consider the
"larger institutional forces'" which underlie the various types of
organizations.31

Studies of coal mining operations in England led to similar

results.32 Under the hand-got system, workers were grouped in pairs

or trios in various locations along the coal face. This system was

replaced by the much more mechanically advanced longwall system in which

30prank Jones, '"Structural Determinants of Consensus and Cohesion in
Complex Organizations,'" Canadian Review of Sociology and Anthropology,

5, 4 (November, 1968): 219-240, p. 223.

31He found that '"renewed postwar competition for gypsum customers
exerted pressure to 'tighten the plant up,' and to produce more effi-
ciently,"”" and that increased competition for jobs due to loss of job
opportunities in local defense plants which had been closed down
enabled management to utilize ''punishment-centered bureaucracy"

(p. 243).

32 ' .
E. L. Trist and K. W. Bamforth, op. cit.; E. L. Trist and G. W.
Higgin, H. Murray, and A. B. Pollock, Organizational Choice: Capa-~
bilities of Groups at the Coal Face Under Changing Technologies (New

York: Humanities Press, 1963).
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"miners were strung out in individual positions along the coal face."33
The change from the former to the latter meant a sharp decrease in the
level of required and possible interaction and in the degree of work
group cohesion and job control. The change received considerable
opposition by the workers who, among other things, saw the new system
as substantially reducing security at work. Finally, a compromise sys-
tem had to be adopted by the employer in which customs and values of
the former system of work were transplanted: responsibility, autonomy

and polyvalence.

This study is interesting because it points to the need to consider

the mutual influence between the technical system and the socio-psycho-
logical organization and to the existence of a certain flexibility of
the organization of work vis-a-vis its technological conditions.34
C. Technology and the Organizational Structure

The research reviewed so far was focused on workers and/or work

groups as the unit of analysis to the exclusion of the structure of the

whole organization.35 Woodward's comparative study of one hundred

industrial firms in England was one of the first to direct attention on

this dimension.36 Woodward set out to evaluate the utility of classical

management theory principles and found that firms' success did not

33Trist and Bamforth, op. cit.

34 .
Claude Durand, Book Review of Trist, Higgin, Murray and Pollock,

Organizational Choice..., op. cit., in Sociologie du Travail, 6, 3
(Juillet-Sept., 1964), pp. 309-310.

35With the possible exception of Gouldner's study.

36Joan Woodward, Management and Technology (London: H.M.S.0., 1958)
and Industrial Organization: Theory and Practice (London: Oxford

University Press, 1965).
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depend on them but on the firms' adaptation to their technical system
in line with their objectives (that is, the nature of the product and
the type of customers). As she put it hereself:

Many of the variations found in the organizational

structure of the firms did, however, appear to be

closely linked with differences in manufacturing

techniques. Different technologies imposed different

kinds of demands on individuals and organizatioms,

and these demands had to be met through an appro-

priate structure. Commercially successful firms

seemed to be those in which function and form were

complementary.37

She grouped the firms on a scale of technical complexity based on

three empirical aspects. The first one was a distinction between unit
and mass production (or custom and standardized production) based on
size and continuity. The second one pertained to integral versus dimen-
sional products and the third one to the degree of continuity of pro-
duction (intermittent versus continuous). She obtained three basic
types of technology which she ordered in a sequence of historical

development and on a scale of increasing complexity: (a) unit and small

batch production, (b) large batch and mass production, and (c) process

production (see Table 1 for detailed list of each type). Her definition
of technology was based on two dimension of the production process,
tools and control, with an emphasis on the last one. Thus, in terms of
control, her study showed that as one proceeds from the oldest and less
complex system (unit production) to the most recent and most complex
system (process production), it becomes easier to control manufacturing

operations, the locus of control shifting from men to machines.

37WoodWard, Industrial Organization: Theory and Practice, p. vi
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TABLE 1

Production Systems According to Woodward and Further
Operationalization of Woodward's Classification by the Aston Group

Woodward Classification

Scale of Production Continuity*
(Aston Group)

l.

Production of simple
units to customers'

Simple units = units basically
single-piece, not assemblies,

requirements. produced one by one.
2. Production of techni- Complex units = assemblies,
cally complex units produced one by one,

(prototypes).

Unit and
3. Fabrication of large Fabrication one by one, in which
Small equipment in stages work-people come to the unit of
output (which moves about very
Batch infrequently) rather than the
unit moves around to different
Production work-people.

4, Production of small Small batches = equipment reset
batches to customers' every week or, more often, for
orders. outputs measured in items.

5. Production of compo- Large batches = equipment reset
nents in large batches at intervals longer than a week
subsequently assembled for outputs measured in items:
diversely (production BUT items assembled diversely
of large batches). (i.e., variety of assembly

sequences, including assembly
by unit and/or small batch
methods) .
Large
6. Production of large Large batches, as no. 5, but with
Batch batches, assembly large batch assembly.
line type.
and
7. Mass production. Mass = batch size, measured in
Mass items, is indefinite (i.e., a
change of batch requires decisions
Production on (a) design modification, (b) re-

tooling, which are beyond the nor-
mal authority of the line produc-
tion management and production
planning to vary production
programmes) .
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Table 1 (cont'd.)

8. Process production
combined with the pre-
paration of a product
for sale by large-batch
.or mass—-production
methods (production
system number 11 in
Woodward) .

9. Process production of
chemicals in batches
(production system
number 8 in Woodward).

10. Continuous flow pro-
duction of liquids,
gases, and crystalline

Process = throughputs measured
by weight or volume: BUT out-
puts become items at finishing

stage

Process, but ingredients (i.e.,
recipies) of the throughputs
change periodically.

Process, but constant ingredi-
ents (i.e., recipe change is
beyond the normal authority of

substances. the line production management

and production planning to vary
production programmes).

*The predominant technology of an organization assessed mostly on the
basis of its highest degree of '"continuity."

SOURCE: Adapted from J. Woodward, op. cit., p. 39; and D. Hickson,

D. Pugh and D. Pheysey, ''Organization: Is Technology the
Key?," Personnel Management, February 1970, pp. 21-26: p. 23.

Considering several organizational characteristics, she was led to
three sets of findings. Firstly, she observed a linear relationship
between technology and the following organizational variables: 'the
length of the line of command; the span of control of the chief execu-
tive; the percentage of total turnover allocated to the payment of wages
and salaries; and the ratios of managers to total personnel, of clerical
and administrative staff to manual workers, of direct to indirect labor,

and of graduate to non-graduate supervision in production depart-

ments";38 advancement policies (hiring from outside), and finally,

8WbodWard, Industrial Organization: Theory and Practice, p. 51,
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educational requirements policies.

Secondly, her andlysis revealed "a U-shaped curvilinear relation-
ship between technology and certain dimensions of the social structure
of organization, such as the tendency to break down the labor force into
small primary groups, and, in general, the tendency toward organic --
flexible, participative, informal -- as opposed to mechanistic --
hierarchic, formal -; systems of management (Woodward, 1965: 60-64)."39
Thirdly, more successful performances were associated with organizations
which structures conform to their production technologies, "as suggested
by the abéve relationships," than with organizations which structures
do not conform. Thus mass production firms were found more successful
with mechanistic rather than with organic systems of management.40

Woodward's work is remarkable here for its operationalization of
the various technological systems of production, her comparative
approach which she combined with few intensive case studies, and her
successful attempt to break down in details the various aspects of the
structure of organization which are determined by technology.

The extensive work of Woodward was soon followed by probably one
of the most ambitious studies of organization undertaken in 1961 by a
group of researchers under the direction of Derek Pugh. The work of the

original group led to a good number of publications and spinoff studies

39Lawrence B. Mohr, "Organizational Technology and Organizational
Structure," Administrative Science Quarterly, 16, 4 (December, 1971):
444-459, p. 445,

40Ibidem.; Woodward, Industrial Organization: Theory and Practice, pp.
69-71. Similar findings were reported for a group of American firms
of the Middle-West by W. L. Zwerman, New Perspectives on Organization
Theory (Westport, Conn.: Greenwood Publishing Co., 1970).
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by members of the team and other researchers as well. The work of the

original Aston group comprised three empirical studies:41 (a) a study

of various types of organizations in the English Midlands;42 (b) a

replication of the above study with a smaller sample by Hinings and

Lee;43 and (c) replication studies by Inkson et a144 and Hickson et

21#45 but this time using an abbreviated range of measures.

The original study had two major aims: (a) to devise more accurate

and reliable means of analyzing and comparing organizations and their
structural features and (b) to examine the interrelationships between
these organizational variables.46 The first years of work were devoted

to the first objective. It led to the development of a standard sche-

dule of information about each organization, from which a numerical

4130hn Child, "Organization Structure and Strategies of Control: A
Replication of the Aston Study,'" Administrative Science Quarterly, 17,

2 (June, 1972): 163-177, p. 164.

42D. S. Pugh, D. J. Hickson, C. R. Hinings, and C. Turner, "Dimensions
of Organization Structure,'" Administrative Science Quarterly, 13, 1,
(March, 1968): 65-105, and '"The Context of Organization Structures,"
Administrative Science Quarterly, 14, 1 (March, 1969): 91-114; D.S.
Pugh, D. J. Hickson and C. R. Hinings, "An Empierical Taxonomy of
Structure of Work Organizations," Administrative Science Quarterly,

14, 1 (March, 1969): 115-126.

43C. R. Hinings and Gloria Lee, ''Dimensions of Organization Structure
and their Context: A Replication,'" Sociology, 5, 1 (January, 1971):
83-93,

44J.H.K. Inkson, D.S. Pugh and D.J. Hickson, 'Organization Context and
Structure: An Abbreviated Replication," Administrative Science
Quarterly, 15, 3 (September, 1970): 318-329.

45D. J. Hickson, C. R. Hinings, C. J. McMillan and J. P. Schwitter,
"The Culture-free Context of Organization Structure: A Tri-national

Comparison," Sociology, 8, 1 (January, 1974): 59-80.

4 .
6Kerr Inkson, Roy Payne and D. S. Pugh, "Extending the Occupational
Environment: The Measurement of Organizations," Occupational

Psychology, 41 (1967): 33-47, p. 39.
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score could be assigned to the organizatdion for each variable and

subvariable.47

In the first empirical study, a sample of 52 organizations in the

Birmingham area was designed (including 31 manufacturing establishments).

The sample was as thoroughly comparative as possible and included such
manufacturing activities as strip-steel, toys, double decker buses,

chocolate bars, injection system and beer, and such services as chain

stores, municipal departments, transport companies, insurance companies
and savings banks.%8 "Data were gathered by means of a comprehensive
interview schedule49 designed to elicit factual organizational data

from discussions with the chief of the organization and the head of

various functional activities (Pugh et al., 1968)."50 They were
obtained also from other sources such as public records.51 The struc-
tural concepts of the study were drawn mostly from the theory of
bureaucracy and management writings and were '"conceptualized as a means
of characterizing the administrative structure of orgamizations.A"52

The following organizational variables were successfully measured:

origin and history, ownership and control, size, charter (purpose),

Inkson et al., "Organization Context and Structure: An Abbrevi-
ated...", p. 319.

Inkson et al., "Extending the Occupational Environment...", p. 39.

49The original interview schedule was subsequently the object of modi-
fications: (a) it was developed and revised, and this new version
was used in other studies; (b) a shorter version was developed and
validated in order to simplify the work involved in gathering and.
processing the data in subsequent studies. See Inkson et al.,
"Organizational Context...", p. 319.

5

0Inkson et al.,, "Extending the Occupational Environment...", p. 39

1
Ibidem,

Child, "Organization Structure and Strategies of Control...", p. 164.
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technology, location, and interdependence -- all contextual variables --
and specialization (of functions and roles), standardization (of pro-
cedures), formalization (of routines), centralization (of authority),
and configuration (of roles) —- all characteristics of the structure.

Following a factorial and multivariate correlation analysis, Pugh
and his associates came to several major conclusions. First, they found
four distinctive underlying dimensions of structure which are mutually
independent:

1- "structuring of activities" which includes specialization,
standardization, formalization and the hierarchical levels in the line
chain of command (vertical span);

2- '"concentration of authority" which includes centralization,
reference of decisions to wider organization group (a lack of autonomy),
percentage of line managers to total employees (percentage of workflow
superordinates), and standardization of procedures for selection and
advancement (absence of standard procedures for controlling workflows);

3- "line control of workflow'" which includes subordinate ratio,
formalization of role performance recording, and standardization of
procedures for selection and advancement.

4- "relative size of supportive component' as indicated by the
percentage of clerks, the vertical span, and the percentage of non-
workflow personnel.

One important consequence of this multifactor solution was the
conclusion that "organizations may be bureaucratic in any of a number

of ways."53 The ideal-type approach to organization developed by Weber

53 '
Pugh et al., "Dimensions of Organization Structure," p. 88.
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was declared no more useful and it was suggested that a classification
of several broad types of organization structure was more appropriate.54
Moreover, Weber's proposition on bureaucratic control was rejected
following the findings that the first two dimensions of structure,
structuring of activities and concentration of authority, were indepen-
dent from each other. As Pugh put it himself:

Thus it must be presumed that there are a number of
distinctive underlying dimensions of structure --

this particular trial produces four. Since these are
mutually independent, an organization's structure may
display all these characteristics to a pronounced de-
gree, or virtually none at all, or display some but

not others. In so far as the original primary dimen-
sions of structure, specialization, standardization,
formalization, centralization, and configuration were
drawn from a literature saturated with the Weberian
view of bureaucracy, this multifactor result has
immediate implications for what we have elsewhere called
the Weberian stereotype.55 It is demonstrated here that
bureaucracy is not unitary, but that organizations may
be bureaucratic in any of a number of ways. The force
of Blau's criticism of the 'ideal type' can now be
appreciated: '"If we modify the type in accordance with
empirical reality, it is no longer a pure type; and if
we do not, it would become a meaningless construct.'56
The concept of the bureaucratic type is no longer
useful,>7

Their analysis of the relationships between the structural charac-

teristics and the contextual variables led to further interesting con-
clusions. Thus, size was found to be related to the structuring of

activities but not with the line control of workflow. The variability

54
Pugh et al., "An Empirical Taxonomy of Structure...".

55
C.R. Hinings, D.S. Pugh, D.J. Hickson and C. Turner, "An Approach to

the Study of Bureaucracy," Sociology, 1, 1 (January, 1967): 61-72.

5
6p, M. Blau, "Critical Remarks on Weber's Theory of Authority,"
American Political Science Review, 57 (June, 1963): 305-316.

7
Pugh et al., "Dimensions of Organization Structure," pp. 87-88
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and diversity of operations ('charter'") was related positively with the
structuring of activities and negatively with the concentration of
authority and the line control of workflow. Location ('number of opera-
ting sites'") was related positively with the structuring of activities
and the line control of workflow but negatively with the concentration
of authority. When considering technology ("workflow integration'),

their results became particularly worthy of attention. While techno-

logy did not appear to be related in any significant or clear way with
size, origin and history, and concentration of ownership with control,

it was related with operating variability and diversity. More impor-

tantly, technology was related with the three major structural dimen-
sions of their analysis: positively with the structuring of activities

and the line control of workflow, but negatively with the concentration

of authority. Thus, the more integrated the production system is, the
more structured the activities and procedures, the greater the

reliance on impersonal control, and the more decentralized the decisions
(because decisions tend to become more routine in a system where
increasing control results directly from the workflow itself).

Pursuing further their investigation of the role of technology,

Pugh and his associates claimed to have found a synthesis concerning
the divergence between the technological determinists (among which they
include Woodward) and the non-determinists (which would comprise such

writers as Goldthorpe and Blau).s8 This synthesis was based on a

8Pugh et al., "The Context of Organization Structures"; D.H. Hickson,
D. S. Pugh and D. P. Pheysey, "Operations Technology and Organization
Structure: An Empirical Reappraisal,'" Administrative Science
Quarterly, 14, 3 (September, 1969): 378-397.
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special analysis which relied on a measure of technology specifically

designed for manufacturing industries that was applied to the thirty-

one manufacturing organizations of their original sample. It showed

that technology is related only to seven structural variables, all

"job-counts" variébles: subordinate-supervisor personnel ratio, pro-
portion in inspection, in maintenance, in workflow control, in trans-
port and dispatch, in employment specialization, and finally, propor-

tion in buying and stocks specializationm.

When the total sample of forty-six organizations was considered,
technology contributed to "a small proportion of the total variance in

structural features" and they rejected "the hypothesis that operations

technology is of primary importance to structure." A comparison with

Woodward's study revealed contradictory results and a less imperative

technology. They concluded that the intervention of size may offer a

solution. Accordingly, small organizations would depend heavily upon

workflow technology whereas large organizations would be slightly

influenced.

This result, together with a detailed comparison with
Woodward's findings in southeast Essex, leads to a
reinterpretation of the role of technology. Operations
technology is shown to affect only those structural
variables immediately impinged on by the workflow.

Thus the smaller the organization the more completely
its structure is pervaded by the immediate effects of
this technology; the larger the organization the more
these effects are confined to variables such as the
proportions employed in activities that are specifi-
cally linked with workflow, and technology is not
related to the wider administrative and hierarchical
structure. This interpretation, it is suggested, offers
a synthesis for the long-standing divergence in orga-
nization theory between statements by classical manage-
ment writers of management principles irrespective of
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technology, and the stress by behavioral scientists
on the relevance of technology.59

A replication study carried out using abbreviated measures of the
original variables on a sample of 40 organizations in the English Mid-

lands supported the previous findings.60

"Structuring of activities
was found to be primarily related to organization size and to a lesser
extent to technology', although the size of the correlation between work-
flow integration and structuring of activities increased substantially
(casting some doubts on the 3 propos of categorical statements regarding
the respective influence of size and technology). A restudy on a sub-
sample of 14 organizations 4 or 5 years later led to the conclusion
that "forms of workflow bureaucracy show a trend over time in the
direction of increased structuring of activities coupled with decreased
concentration of authority."61
In a replication study carried out on a national sample of eighty-

two British organizations, Child6

2 found that the Aston study results
were generally supported. His replication confirmed 'the tight nexus
between specialization, standardization of procedures, paperwork, and
vertical span expressed by the concept 'structuring of activities'."
However, contrary to the previous study, centralization of decision

making was found to be negatively related to structuring "in a way that

conforms closely to Weber's description of the bureaucratic mode of

Hickson et al,, "Operations Technology and Organization Structure...",
p. 378.

Inkson et al., "Organization Context and Structure...".
61
Idem. s P. 318.

Child, "Organization Structure and Strategies of Control...".
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administrative control."®3 on that basis, he concluded that Weber's
conceptualization had been rejected too soon by the Aston group.

His examination of the relationships between size, technology and
structural characteristics supported other findings of the Aston
group.64 Size had a much higher relationship with structural feature
of organization than technology. The only exception to the dominance of
size concerned the dimensions of configuration (except vertical span)
where technology predicted better than size or where both failed to
predict at a11.6> Thus Hickson et al. was right in suggesting that
small organizations are being more influenced by technology than large
ones.65a However, Child concluded that his results would indicate that

"the dispute between technology and size theorists derives largely from

the fact that they have been studying different facets of organizations."
Technology theorists (like Woodward) studied variables describing the
"shape" of organizations while size theorists (like Blau) focused on
variables describing the bureaucratic strategy of control (for instance,
roles, definition of tasks, and level of decision-making).

Although the works of the Aston school contributed very much to

revive the debate on the structural impact of technology and other major

83 1den., p. 163.

6
4Child and Mansfield, ''Technology, Size, and Organization Structure."

65Idem., P. 383. These were the well-known job-counts variables. His
own analysis "from the Aston data of technology and size in relation
to the degree of role specialization in different organizational
functions also indicated that the relative "effect" of technology was
strongest with workflow-centred functions such as maintenance and
Production control." See John Child, '"More Myths of Management
Organization?", Journal of Management Studies, 7 (1970): 376-390,

p. 383.

6
S%dem., pp. 383-384.
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variables such as size, many other empirical studies of technology and
organization were completed since the publication of Woodward's study in
1965. These studies have been reviewed by several other writers and it
would not serve the purpose of my discussion to analyze them again in
detail here. It reﬁains important, however, to indicate their place in
and contribution to the literature on the topic. To this effect, major
empirical studies on organizational techmnology published since 1965 have
been listed in Table 2. Each study is characterized by the following
informations: definition of technology used, level of measurement
(individual and/or system), type and number of organizations studied,

methods of data collection on the technological variable, and major

findings. These studies stand out for the variations in their defini-
tion, operationalization and measurement of technology, the great diver-
sity of research designs which were used, the absence of historical
studies, and the weight of evidence found in favor of a positive rela-

tionship between technology and organization.

D. Some Relevant Criticisms and Issues

In tﬁe above review of the literature, a good deal of attention was
paid to the Aston study for a number of reasons. The work of Pugh and
his associates represents one of the most rigorous and comprehensive
attempts of its kind in organizational analysis to clarify concepts and
to devise research techniques and measures which can be standardized and

repeated in different settings.66 This is particularly true of their

66

D.J. Hickson, "A Convergence in Organization Theory,' Administrative
Science Quarterly, 11, 3 (September, 1966): 225-237; Inkson et al.,
"Extending the Occupational Environment..."; Child and Mansfield,
"Technology, Size, and Organization Structure"; C.R. Hinings and B.D.
Foster, "The Organization Structure of Churches: A Preliminary

Model," Sociology, 7, 1 (January, 1973): 93-105.
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definition and operationalization of the various dimensions and charac-

teristics of organizational structure and technology. Their discussion

of the different meanings of technology goes a long way to clarify this
often confusing concept.67 Moreover, they have simplified the measure-

ment procedures68 and made use of a large number of resource variables

with clear operationalization.69 Their approach must be commended also

for making a clear distinction between the formal structure of the

organization and the perception that its members have of it. This essen-

tial distinction which has not always been made and less often taken

into account in most studies of organizations will receive more atten-

tion later on in the chapter. Finally, their approach has also the

advantage of being multivariate which makes it much more suited to

empirical studies. It contributed to free organizational research from

its tendency to stereotype structural variations and "to present the

choice of structural features in terms of absolute alternatives."/0

On the negative side, there are some conceptual and methodological

problems which, however, are not important enough to offset the overall

value of their framework. One major shortcoming is that their cross-

sectional approach does not in itself lead to any clear-cut theory of

67
Koya Azumi and Jerald Hage, Organizational Systems (Toronto: D.C.
Heath and Company, 1972), p. 104.

68
Child and Mansfield, op. cit.

69Azumi and Hage, op. cit., p. 109.

70Child, "More Myths of Management Organization?”, p. 377. One assump-
tion behind the stereotypical approach which Child objected to is

"that the structural components of the stereotype will in practice

vary together proportionately'" (p.377). The questions will be further

discussed later in Chapter 2.
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organizational growth and development despite the 'causal imagery' in
which their analysis is at times formulated.71 Aldrich, for one,
formulated a number of other criticisms. He suggested that 'in many
cases their data analysis tends to obscure important relationships"
(especially their handling of zero-order correlations), and questioned
their strategy of doing multivariate analysis (the problem of high
correlations between the predictors).72 He also raised the problem

of the variable called workflow integration which, it was found,

gives an almost perfect dichotomy between manufacturing and service

71H.E. Aldrich, '"Technology and Organization Structure: A Reexamination
of the Findings of the Aston Group,' Administrative Science Quarterly,
17, 1 (March, 1972): 26-43, p. 27. Aldrich's claim that path analysis
can solve the problem is rejected by Pugh and Hickson who indicated
that their data were not longitudinal as were those collected by Blau
and Duncan on occupational mobility even if they were collected
cross-sectionally. See D.S. Pugh and D.J. Hickson, '"Causal Inference
and the Aston Studies,” Administrative Science Quarterly, 17, 2 (June,
1972): 273-276; P.M. Blau and 0.D. Duncan, The American Occupational
Structure (New York: John Wiley, 1967). See also the distinction
made by Child and Mansfield between the two meanings of cross-
sectional data: (a) "collected within a time period which is assured
to be short compared to the time that the variables measured would
typically take - ‘to change significantly' and (b) referring "to the
simultaneously occuring values of different variables." Blau and
Duncan's data were cross-sectional only in the first sense (Child

and Mansfield, op. cit., pp. 370-371).

72Aldrich, op. cit., p. 28. Pugh and Levy themselves raised objections

to the use of factor analysis. Results are difficult to interpret
and linear equations present theoretical problems. '"If we adopt the
technique we necessarily adopt the equations as a theory about the
behaviour of organizations; otherwise, how do we attempt to interpret
the 'solution'? The linear equation allows two or more organizations
to achieve the same score on a factor by different combinations of
scale scores." Finally, the linear equations of the factor analytic
'model’ "may usually be extended without clearly defined substantive
limits to achieve a better fit." (See Philip Levy and Derek S.Pugh,
"Scaling and Multivariate Analyses in the Study of Organizational
Variables," Sociology, 3, 2 (May, 1969): 193-213, p. 209.
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organizations.73 Finally, Aldrich had reservations about "accepting
the concepts and operational definitions of the Aston group at face
value," He wondered if the operational versions of the concepts (which
include very complex indicators) were really valid indicators of what
they purport to measure and if they could be used in other contexts
than the context of the 52 organizations of the original empirical
study.74 Other mentioned problems were related to the possible con-
fusion regarding authority and control, the lack of uniformity in
sampling concerning the definition of the unit of study (branch, plant,
whole organization, etc.), inadequate measure of traditionalism (which

could score almost ad infinitum), and tautology (for instance, in the

relation between autonomy and centralization.)75 Finally, one could
point out that their measure of technology ignores the important level
of task attributes which is certainly not completely absent in the
system attributes but is not completely reflected in them either.

Over a decade ago, Pugh and his colleagues had reason to write
that "the study of work organizations and behavior...[had] been prima-
rily processual as opposed to factorial,' and that'there [had] been a
great concentration on the one-case study and little systematic attempt

to relate behavior to contextual and organizational settings."76

73Ibidem. See also Lynch, op. cit. p. 339. According to her, workflow

———

integration is inadequate to understand certain organizations (that
is, service organizations).

74
Aldrich, op. cit., p. 29.

75
Child, "Organization Structure and Strategies of Control...", pp. 170

and following.

76
D.S. Pugh, D.J. Hickson, C.R. Hinings, K.M. McDonald, C. Turner and

T. Lupton, "A Conceptual Scheme for Organizational Analysis,"
Administrative Science Quarterly, 8, 2 (September, 1963): 289-~315,
p. 289.
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However, this description does not correspond anymore to the present

situation in the field. A good number of comparative factorial studies

have been done since (see for instance, Table 2 above) and a large

degree of unanimity achieved. The preceding review of some of the most

representative works’7 should be enough to form the background of an

assessment of the present state of knowledge and approaches in the

field in relation. to the specific problems raised earlier. It leaves

the student with the final impression that there has been real progress
made in the conceptual, methodological, designing and analytical dimen~

sions of the relationships between technology, organization and other

variables.78

77As well as the list of other references in Table 2 and the footnotes.

8ps Hinings and Foster put it: ''Over the past decade a particular
approach to the analysis of the formal structure of organizations has
developed, the central principle of which has been Weber's (1947)
idea of bureaucracy. A remarkable degree of unanimity has been
achieved on the basic ideas for dealing with formal organization
structure, as can be seen in the work of Pugh et al. (1963, 1968),
Hinings et al. (1967), Hall (1963), Hall and Tittle (1966), Hage and
Aiken (1967, 1970), Blau et al. (1966), Blau and Schoenherr (1971),
and Perrow (1970). All have worked with a similar stock of concepts,
examining the division of labour (specialization), the extent of
procedural regularity (standardization), the use of documents for job

- definition and communication (formalization), the locus of authority
(centralization); and all have deployed various ideas relating. to the
shape of the organization, such as span of control, height of the
hierarchy, etc. (configuration). The approach of these organization
theorists has also shown general methodological similarities. All
have been concerned to conceptualize bureaucracy and formal structure
as a set of dimensions which may or may not vary together. The con-
cepts mentioned above have been subjected to a variety of kinds of
scale analysis in order to form empirically reliable dimensions. All
have used similar techniques of analysis, notably factor analysis and
correlation and regression methods" (Hinings and Foster, op cit.,

p. 93).
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However, there are still major questions which have remained

unsolved, avenues of research unexplored, and conceptual confusions

unclarified.79

One question which the more recent studies have not succeeded in
answering and which continues to agitate people in the field is the
pro—-eminence as a determinant factor of organizational structure of
technology over other factors such as size, environment, and socio-

cultural elements. Both Woodward and Perrow80 considered technology as

79As an example of conceptual problems, Mohr mentioned the fact that
technology is defined either by reference to the individual or to
the production sub-system. He also pointed out confusions in the
concept measured and sampling problems (samples of large size organi-
zations being pitted against samples of small size organizations).
See Mohr, op. cit. Other writers indicated also that technology
remains an unclear concept in its definition and operationalization.
See for example Lynch, op. cit., p. 338: !'The current studies in
technology have remained exploratory since the boundaries of the
construct, technology, are still unclear (Hage and Aiken, 1969) and
since there are so many operational variables used to measure it that
it is difficult to decide which variables do indeed measure techno-
logy." See also Child, ''Organizational Structure, Environment and
Performance...'", pp. 5 and 6, and '"More Myths of Management Organi-
zation?'"; Lawrence C. Hrebiniak, "Job Téchnology, Supervision, and
Work-Group Structure', Administrative Science Quarterly, 19, 3
(September, 1974): 395-410, p. 408. Hrebiniak suggested in conclusion
to his study that because of the multidimensionality of technology and
structure, "when dealing only with general or crude cumulative cate-
gories of either concepts, it might be unreasonable to assume clear
relationships or empirical trends. Rather, it appears that the
various elements of technology and structure must be stipulated and
separate effects ascertained, especially when controlling for the
effects of an additional class of variables, such as those related

to supervision.'

80 '
Woodward, Industrial Organization: Theory and Practice; Perrow, "A

Framework for the Comparative...'". The latter stated that his pers-
pective is based on four considerations, one of them being that
"technology is considered the defining characteristic of organizations"
(p. 194). However, later on, he cautioned his readers that he is

using technology as a critical variable among several others and that
he is not using causality in terms of temporal priorities but in terms
of congruence, His argument ''says that structure and goals must
adjust to technology or the organization will be subject to strong
strains, For a radical change in goals to be a successful one, it
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the most important factor in the design of effective organizational
structure. As Child put it, "their arguments, taken together, imply

that a high structuring of activities (task specialization and high role

definition by rules and paperwork) is likely to be most effective under

conditions of standardized mass production.”81

Against this position, Child argued that the focus should be upon
the work itself rather than "upon the technological adjuncts of execu-
ting tasks, and on the technical logic whereby such tasks are linked."82
Indeed, according to him, ''the planning and ordering of work, together
with its meaning to those involved, is likely to be more contingent
with observed behavior within organizations, with the structural mani-
festation of managerial control, and with factors such as uncertainty
about the enviromment.'83 Under his theoretical reorientation, "the
prevailing technology is now seen as a product of decisions on work-
plans, resources, and equipment which were made in the light of certain
evaluation of the organization's position in its enviromment. A given

technological configuration (equipment, knowledge of techniques, etc.)

may exhibit certain short-term rigidities and perhaps indivisibilities,

may require a change in technology, and thus in structure, or else
there will be a large price paid for the lack of fit between these
variables. Furthermore, as one proceeds, analytically, from techno-
logy through the two kinds of structure to goals, increasingly the
prior variable only sets limits upon the range of possible variatioms
in the next variable. Thus, technology may predict task structure
quite well in a large number of organizations, but these two predict
social structure less well, and these three only set broad limits

upon the range of possible goals" (p. 203).
81
Child, "Organizational Structure, Environment and Performance", p. 5.

82Ibidem.

83
Idem., pp. 5-6.
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and will to that extent act as a constraint upon the adoption of new
workplans. However, rather than the technology possessing "implications"
for effective modes of organizational structure, any association between
the two may be more accurately viewed as a derivative of decisions made
by those in control of the organization regarding the tasks to be
carried out in relation to the resources available to perform them.”84

But before examining Child's argument any further, let us consider the

position of the theorists of size.

It appears necessary to me to consider the argument for size here,
if only briefly, for two.reasons: size is the factor most often offered
as an answer to technologism and it should be examined in the case of
the logging industry since, over the period studied, logging organiza-
tions' size changed significantly in more than one dimension.

The dominance of size to predict the bureaucratic dimensions of
organizational structure has been mostly put forward by Pugh and his
colleagues85 on the basis of the result of their empirical study. How-
ever, Blau, before them,86 had been focusing on this factor which, he
suggested, generates structural differentiation which in turn increases
the absolute (though not the relative) size of the administrative com-
ponents. Child summarized very well the two main causal processes which

are established by size theorists.

84Idem., p. 6. He mentioned the findings of the Tavistock Institute

———

researchers and the "job enrichment" approach to support his position.

8
SPugh et al., "The Context of Organization Structure."

86P.M. Blau, W.V. Hydebrand and R.E. Stauffer, 'The Structure of Small

Bureaucracies," American Sociological Review, 31, 2 (April, 1966):
179-191, P.M. Blau, "A Formal Theory of Differentiation in
grganizations," American Sociological Review, 35, 2 (April, 1970):
01-218.
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The first argues that increasing size offers more
opportunities to reap the benefits of increased
specialization. Increased specialization is likely
to manifest itself in the form of greater structural
differentiation which exhibits higher heterogeneity
among a larger number of organizational sub-units,
but which may exhibit a greater homogeneity of role
within each sub-unit. This increasing complexity
will render the managerial co-ordination of sub-unit
activities more difficult, especially as strains to-
wards functional autonomy may well appear, and for
this reason pressure will be placed upon senior
management to impose a system of impersonal controls
through the use of formal procedures, the recording
of information in writing and the like. The second
argument reaches much the same conclusion by pointing
out how the problem of directing larger numbers of
people makes it impossible to continue employing a
personalized, centralized style of management. In-
stead, a more decentralized system, using impersonal
mechanisms of control, has to be adopted. The opera-
tion of such system requires higher number of adminis-
trative and clerical personnel.87

Child did not accept this deterministic point of view either and
pointed out that "at least two important avenues of choice remain open,"
specifically the influence of size may be modified by breaking down
large units into smaller quasi-independent ones and by adopting dif-
ferent techniques or technologies88 to modify the nature of the func-
tional activities affected by size. In trying to explain why there is
such a "considerable debate as to the type of constraints which size
and technology may each and both imply for organizational structure,'89

he raised four possible explanations. The first one concerns the

7
Child, "Organizational Structure, Environment and Performance,'" p. 7.

8 . . . .
For instance, the computerization of accounting systems. This was,
in fact, one means to cope with this kind of problem that the logging

companies adopted. See Chapter 6.

89Ibidem.
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association of size of plant or operating unit with operations tech-

nology because of the presence of indivisibilities. The second one

could be the lack of association between total organizational size (by

contrast with plant size) and technology. The last two explanations

would reside in the likely lack of association betwen total size and

materials

technology and the variation in the relative degree of con

straint imposed by size and technology on different areas of organi-

zational activity.9O This last possibility raises an important dis-

tinction which was neglected in the past.91 Child rightly underlined

that, on that basis, considerations of technological economies most

particularly related to the activities directly concerned with produc-

tion may modify the implications of size. He referred more precisely

to Thompson's "technological core'?2 and indicated that:

In this core area, the prevailing technological logic
may militate against a high degree of functional and
role complexity even in a large organization, while
under conditions where uncertainty is experienced
about the environment, the consequent desire to pre-
serve a measure of flexibility may operate to the

same structural effect. In contrast, the nature of
work within certain supporting functions is not likely
to vary greatly, even with rapid changes in core
activities. Such functions include accounting, legal,
personnel and welfare. 1In their case increasing scale
may well be reflected in a progressive functional com-
plexity: first with such activities being differen-
tiated away from central workflow functions, and

901piden.

9lHickson et al., "Operations Technology and Organization Structure...";

.

Child, "More Myths of Management Organization?'.

923.p. Thompson, Organizations in Action (New York: McGraw-Hill, 1967).
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secondly with a progressive differentiation between
specialized support units carrying our different

tasks.93
As well formulated as Child's analysis of the problem might be,

it leaves one important consideration aside. Work organizations are

unlikely to have growth in the number of employees as a goal94 and, in

fact, the opposite is most often the case: to reduce personnel for

obvious economic reasons. Thus, very often we may have to deal with

situations where the size of the organization as measured by the number

of employees is declining. What would then be the impact of this

reduction on the structure of the organization? We do not know very

well because "'size theorists" have not paid much attention to it,95

In this study, size will not be the focus of attention and will be

considered a dependent variable. This is similar to the treatment given

to size by Aldrich in his path analysis. In his model, "technology is
seen as causally prior to structuring of activities, the rigidity and

automation in mass production technologies forcing organizations to

introduce specialists and at the same time standardize their activities.

93Child, "Organizational Structure, Enviromment...', p. 8. Thus the
divergence between '"technology theorists'" and '"size theorists" would
be understood by the fact that the first ones focused their attention
on"core activities while the latter concentrated their attention on

the organization of non-core roles.

94
Aldrich, op. cit., pp. 32-33.

95This may well be related to the absence of longitudinal studies of
organizations. In the past, cross-sectional analysts of the impact
of size have been assuming that organizations naturally grow without
distinguishing the type of growth and without accepting the possi-
bility that organization may also decline after a more or less
extended period of growth. This is omne question which will be
examined later since logging companies have declined in size in terms
of the number of employees but have increased in terms of output

(see Chapters 6 and 7).
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Further, Aldrich argued, structuring of activities has a causal impact
on size because increased specialization, standardization, and formali-
zation imply the need for a larger work force."?® That structuring of
activities implies the need for a larger work force remains an empirical
matter. It may very well be that the adoption of new techniques or
technologies will change these requirements as mentioned earlier.

As to Child's earlier argument against technologism,97 it is not

completely satisfactory. Nobody seems to question the fact that '"the

prevailing technology is...seen as a product of decisions on work plans,

resources, and equipment which were made in the light of certain evalua-

tions of the organization's position in its environment."9® The point

is that, once the decision is made to adopt a given technology or to

buy certain equipment, the organization has committed itself to satisfy

the structural requirements of this technology in order to be efficient,
Obviously, this does not take place in a vacuum, especially when,

as it is the case in logging, technology is changed in an already

96Hinings and Foster, op cit., p. 97.

97Child, "Technology, Size, and Organization Structure," and "Organiza-
\

tional Structure, Environment and Performance...".

98gee also Richard H. Hall, Organizations: Structure and Process

(Englewood Cliffs, N.J.: Prentice-Hall, 1972), p. 124. 'While size
and technology have been shown to be closely related to the nature of
an organization's structure, it would be wrong to attribute direct
causality to either factor (assuming, of course, that strong relation-
ships can be interpolated into causal statements). As noted above in
the citation by Hall et al., it is the decision to increase the number
of activities or scope of operations that leads to changes in size

and thus to structural alterations. These decisions would be greatly
influenced by the size and nature of the environment into which the
organization's output flows. If the organization perceives additional
markets for its products or services, it will expand. If it is oper-
ating in a system of rapid technological change, it will adapt to,

incorporate, and participate in those changes."
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existing organization. Then, as mentioned by Hall, historical and

environmental factors are likely to interfere in the fit between tech-

nology and structure. I accept with him that "technology is in inter-

action with organizational structure, group structure, individual fac-
tors, and so on," thét "the technical system of an organization inter-
acts with the ongoing social system,' and that '"from this standpoint,
technology will be ‘a major determinant of the nature of organizations,
but not the determinant,"?? However, I reject his claim that technology
"cannot be given a primary position in the analysis" because of the
above interaction.l00 True, the quest for the factor or the variable
which would explain everything is long gone.101 But one is certainly
justified in his strategy to uncover and understand a situation and

the relationships between a set of factors to single out one of the

major determinants of the nature of the situation, make it an indepen-

dent factor for the time being, and then observe what happens.

99Idem., PP. 33-34. 1In one of her last text, Woodward indicated that
her position did not "mean that the sole function of the social
system is the furthering of the goals and purposes of the technical
system; but merely that some aspects of organizational structure

and behaviour can be explained by reference to the nature of the
It is this belief...that provides the justifica-

production task.
what, at any point in time, does

tion for asking the questions:
the technical system require the social system to do, and how will

changes in the technical system affect what is required of the social
system" (J. Woodward and J. Rackham, '"The Measurement of Technical
Variables', in J. Woodward (ed.), Industrial Organizatioms:

Behaviour and Control (London: Oxford University Press, 1970), p.34).

lOOIbidem.

101Although one may have serious doubt about it when reading certain
pieces in the literature, Child is probably right in his claim that,
in the present state of research on organization, there is "an over
concentration on single factors in an organization's operating
situation as determinants of which management structures-are the
most effective'" (Child, "More Myths.of Management Organization?",

p. 377).
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Obviously, it is in the varying value or nature of that major determi-
nant that one can best find out about its relationships with other
determinants and its impact on the observed reality.102 Consequently,
in this study, I will not take a deterministic position concerning the
role of technology. However, technology will be the priviliged variable
because it is its impact which is the object of the study.
Hickson and his colleagues rightly underlined the fact that, in
the past studies of the influence of technology at the individual and
group levels, the organization as the unit of analysis and its formal
structural features were practically ignored.103 Their suggestion that
technology has been neglected at the level of the organization is also
supported by their review of the few studies which focus on this vari-
able. There is little doubt that, on this basis alone, more work is
needed to properly understand the relationship between technology and
organization.lo4 However, to focus on the organization as the unit of
analysis and ignore the individual and group levels is to fall into
another difficulty. Workers' and work groups' behavior as directly in-
fluenced or conditioned by the technology of the production system (as
revealed in the preceding review of the literature) creates demands on
the organization in terms of coordination and control, working condi-
tions, communication, system of remuneration, etc. It is very difficult

for instance to adequately explain certain structural features of the

102This does not mean, by any means, that one is oblivious of the feed-
back effects which are taking place or of the intervention of other
variables explicitly or implicitly integrated to the model of
analysis.

l03Hickson et al., '"Operations Technology and Organization...", p. 378,

104Child mentioned ''the considerable confusion in the literature...as

to what aspects of organizational structure technology may
influence" (Child, "Organizational Structure, Environment and

Performance...'", p. 5).
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organization such as the degree of centralization or of impersonal
control without knowing and understanding the individual and group
task attributes which are characteristic of the production techno-

logy.lo5 In his concluding remarks on Woodward, Meissner suggested

that this had been neglected in the past106 and I know of no study

since which has used this more comprehensive approach. As illustrated
in Figure 1, this position of the problem implies that the influence
of technology on the organization as a whole (i.e., its structure and
structural characteristics) is at the same time direct and indirect

through workers' and work groups' task attributes and cannot be fully

understood without both dimensions of the relationship being docu-

mented.107

1051n this study, the measurement of the individual and group task
attributes of the technological system are based on models of ana-
lysis developed by Meissner, Form, Goldthorpe et al., and Turner

and Lawrence. See Meissner, op. cit.; W.H. Form, "Technology and
Social Behavior of Workers in Four Countries: A Sociotechnical
Perspective," American Sociological Review, 37, 12 (December, 1972):
727-738; John Goldthorpe, D. Lockwood, F. Bechhofer, and J. Platt,
The Affluent Worker: Industrial Attitudes and Behavior (Cambridge,
Mass.: Cambridge University Press, 1968); Turner and Lawrence,

op. cit., The detail of the dimensions used is given later in this

chapter.

106A"Our comparison so far would suggest that no clear inferences can
be drawn from these studies about the relations of management struc-
ture to workers' behavior systems in different technical environments.
To begin with, attention will have to be paid to the technological
constraints of supervisors' jobs, and a small beginning has been
made. The empirical and theoretical link between the dimensions of
technology at the man-machine level and the organizational level
would require investigation'" (Meissner, op. cit., p. 246).

107
Pugh and his associates seem to have understood that from the begin-
ning of their research since they included this in their original
objective (see their article of 1963) but they did not manage to

This weakens their analysis by limiting it to hypothe-

realize it.
See

tical suggestions in the interpretation of their results.
Inkson, et al., '"Organization Context and Structure...", p. 318,
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FIGURE 1

Relation Between Technology and Organization

— MATERIALS TECHNOLOGY — WORKERS' AND ORGANI/ATIONAL
AND WORK GROUPS' TASK STRUCTURE AND
3~ —_—
— OPERATTIONS TECENOLOGY— ATTRIBUTES AND STRUCTURAL
— KNOWLEDGE TECHNOLOGY - RELATED BEHAVIOR CHARACTEFISTICS

Obviously, this is an ambitious approach which could constitute
in itself a program of research for several years. However, such a
holistic approach is needed at one point to attempt to reflect and
reconstitute the totality of reality. It may even prove to be parti-
cularly rewarding if used in the historical study of a small group of
organizations or the case study of a single industry such as the pulp-

wood logging industry.

Thus, despite the recent abundance of research and the progress

made in conceptualizing technological variables and dimensions,lo8 and

"although there is convincing evidence of a link between technological
organization and various aspects of complex organizational structure
and functioning and considerable agreement on the nature of the critical
variables,"109 any firm conclusion is impossible to reach and the

need remains for further analysis of this problem. Indeed, the signi~

ficance of technological elements as independent variables still

108Hunt, op cit.,, p. 243.

109J .
ones, op. cit., p. 224.
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requires more precise statement than can be found in the literaturell0
for the analysis of its precise dimensions and variations has been
little developed.111 Until this is done, the nature, degree and con-
ditions of its effects remain controversial.112

"It is not clear, for example,'" wrote Jones, "which technological
elements determine which aspects of structure and functioning, which
simply sets limits on variation, and which are only regarded as
associated with organizational variation." 113 According to him, the
solution to these questions could not be found "in research restricted
to documenting the existence of a relationship between technological
organization and other aspects of complex organizations but through the

development of a systematic formulation of the relationship."114

E. Guiding Hypotheses

At the outset of this study, I envisaged the possibility of testing
hypotheses grounded on the position that production technology consti-
tutes the primary determinant factor of organizational structure. As
it evolved later on, the study did not constitute properly speaking a
test of hypotheses and I do not claim to have accomplished that now.

However, I would like to state in the following paragraphs some of the

11
OIbidem,

111
H. Hage and M. Aiken, Social Change in Complex Organizations (New

York: Random House, 1970): especially Chapter 5.

112
Hunt, op. cit., p. 243.

113
Jones, op. cit., p. 224.

114Ibidem.
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working hypotheses and expected findings which guided me throughout
the field work and the analysis.

Since I have been dealing with four organizations belonging to
the same industry and operating within a generally similar environment,
I expected all along that these organizations would use a very similar
production technology (operations and materials technology) and would
be similar also in their organizational structure. More importantly,
the study being historical, I expected these organizations to go
through similar structural changes as they modified their production
technology. And it is 1in so far as these organizations went through
similar organizational changes that the influence of technology could
be observed.

From the beginning, I had obviously some ideas concerning two
important dimensions of the relationship between technology and organi-
zation, the direction taken by the changes in both dimensions and their
characteristics., For one, the change in production technology involved
the shift from a very poorly mechanized system of production to one
which is now highly mechanized and still becoming increasingly more so.
As for the logging system of production, it has always consisted in the
mass production of a simple and standardized product ("routine
technology"). In numerous studies, such a system of production has
been generally associated with a bureaucratic organizational structure,

the bureaucratic character increasing with the level of mechanization.llS

11
SI could quote a considerable number of studies to support this state-

ment. Let me mention a few of them: P. Naville, Vers 1'automatisme
social (Paris: Gallimard, 1963); Woodward, Industrial Organization:
Theory and Practice; A. Touraine, op. cit.; Tom Burms and G.N.
Stalker, The Management of Innovation (London: Tavistock Institute
1961); Pugh et al., "An Empirical Taxonomy of Structures...'":
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On the basis of these previous findings and of preliminary obser-
vations which I had made of the industry, I thus expected to find a
higher degree of specialization, a greater degree of standardization,
formalization and centralization, a higher ratio of non-productive to
productive personnel and a greater number of levels in the hierarchy
as the technology of production was changed.ll6

As suggested and substantiated by many writers before (Scott

117 a key dimension of

et al., Woodward, Harvey, Zwerman and others),
the organizational structure which is closely related to and influenced
by the technology of production is the occupational structure of the
organization or what Hickson et al. calls "job-counts' features and
Child the '"shape" related features of the organization.ll8 Following

these writers, I expected that the mechanization of logging operation

would lead to:

Child and Mansfield, ''Technology, Size, and Organization Structﬁre";

Hickson et al., ''Operations Technology and Organization Structure...':

Hall, op cit.; Zwerman, op. cit.

116Or, to use Pugh et al.'s conceptual formulation, high.scores on the

structuring of activities, on concentration of authority, on work-
flow integration, on standardization of procedures for selection

and advancement, and on formalization of role definition (their
"nascent full bureaucracy') but a low score on line control of work-
flow (see "An Empirical Taxonomy of Structures...").

N7y u, Scott, A.H. Halsey, J.A. Banks and T. Lupton, Technical Change
and Industrial Relations (Liverpool, England: Liverpool University
Press, 1956); Woodward, op cit.; Edward Harvey, "Technology and the
Structure of Organization,' American Sociological Review, 33, 2
(April, 1968): 247-259; Zerman, op. cit.

8Hickson et al., "Operations technology and Organization Structure..."
and Child and Mansfield, ''Technology, Size, and Organization
Structure."

2
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(1) an increase in the number of levels of management
(vertical span of control);

(2) an increase in the span of control of the chief
executive (horizontal span of control);

(3) an increase in the span of control of first-line
supervisors (horizontal span of control);

(4) a diminution in the ratioc of non-supervisory to
supervisory personnel;

(5) a diminution in the ratio of direct to indirect labor;

(6) 'a diminution in the ratio of production to maintenance
workers;

(7) an increase in labor costs (in excess of the annual
regular increase);

(8) an increase in the level of education required by
hiring policies;

(9) an increase in hiring outside of the organization as
part of promotion policies.

In most of the studies referred to above, only one dimension of
technology, namely operations technology, was considered. The influence
of materials technology was ignored. In many cases, this approach may
make sense but to ignore it systematically may lead to poor results.
Certainly one cannot ignore the impact of materials technology on log-
ging organizations. Following Perrow's discussion of this question and
Thompson's similar ideas expressed on the subject at about the same

time,llg

we should expect logging organizations to be mostly affected
in the following dimensions of their structure: concentration of
authority, line control of workflow, and spatial dispersion of oper-

ations., To use Perrow's concepts, logging raw materials is non-uniform,

",

llgPerrow, "A Framework for the Comparative...'; Thompson, op. cit.
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widely dispersed and well understood and as such can be the object of
analyzable search. Accordingly, logging falls somewhere in the non-
routine but analyzable group of activities. The type of organization
corresponding to this situation should be, in Perrow's model, flexible
and relatively centralized. He would probably describe this type as
one where the middle management level (or technical level) enjoys a
high degree of power because it controls the supervisory level on the
basis both of routine reports and advanced planning. Coordination
within this level as well as the lower level (supervision) of manage-
ment is through feedback and planning, but with planning giving further
power to the technical level because events can be foreseen. The
interdependence of the two groups should be relatively low. That is,
the supervisors of production do not "work closely with the technical
people in the administration of production since the latter [can] call
the shots for the former on the basis of routine information sent
upstairs."120 Finally, the level of discretion and power of the lower
management group should be relatively low.

However, this picture is likely to be distorted in some of its
features by the following considerations. Firstly, because of the wide
dispersion of the raw materials and its low density, and for some other
reasons related to fire hazards, to the preference for stable costs of
production, and to transportation requirements, logging operations.must
be fragmented in several locations which are usually not only far from

each other but also from the divisional (or middle management)

12
0Perrow,‘ Organizationdl Analysis: A Sociological View, pp. 80-82,
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headquarters. The effects of this spatial dispersion are likely to be,
according to Hall's review of the literature, to (a) increase the admin-
istrative component; (b) decrease the structuring of activities;
(c) increase the concentration of authority; and (d) increase the line

control of workflow.121

These tendencies, especially the last three, are further accen-
tuated by the greater uncertainty introduced in the production process
by the wide and largely unpredictable variations in the characteristics
of the physical environment (terrain conditions and climatic
conditions).

Under these more comprehensive conditions, the lower management
level is likely to have more discretion and power because of the consi-
derable differences (partly unpredictable) in local conditions. Thus
this favors a relatively high level of line control of workflow. To
counteract this situation, middle management is likely to emphasize
feedback coordination and increase the frequency and details of feedback
reports in order to maintain its control and be able to intervene in

the local situation soon enough before anything goes wrong. This means

a greater interdependence between the technical level and the super-
visory level. At the same time, since the range of variations in both
the raw materials and the physical environment is relatively well-known,
broad rules and procedures can be established by the middle and upper
management levels. For all these reasons, one should expect a rela-
tively high concentration of authority, especially at the middle level

of management.

121
Hall, op. cit., pp. 161-163.
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In its assessment of the influence of technology, the Aston group
mentioned that this influence appears to be much more determinant for
small organizations. In other words, change in operations technology
would affect the entire structure of small organizations whereas its

effects in large organizations would be limited mostly to the produc-

tion system (and probably to parts of it). I suggested before that

size is not in itself the cause of such a phenomenon but rather the
variations in functional differentiation which are usually directly

related to size. An increasing functional differentiation creates an

increasing autonomy of the sub-system of the organization (''functional
autonomy'') which contributes to isolate them from the impact of change
in other sub—systems.122

If this line of reasoning is correct, it would suggest that as
the logging organizations become more functionally differentiated and
bureaucratized, the overall impact of further changes in operations
technology on the structure of the organization as a whole is likely
to decrease and to be limited to the functions which are more closely
related to production (such as maintenance and repair, supply, and
inspection).

These are some of the ideas which guided the research and the

organization of this report. In sum, I will describe and analyze

the economic (Chapter 3), organizational (Chapter 4) and social

12254 mentioned by many students of organization, the sub-units of an
organization have different technologies and different organizational
requirements which often result in conflict among them. See, for
instance, E, Litwak, '"Models of Organizations Which Permit Conflict,"
American Journal of Sociology, 67, 2 (September, 1961): 177~ 184,

Child and Mansfield, '"Technology, Size and Organization Structure"
Hickson, et et al., "Operations Technology and Organization Structure... 3

Hall, op, cit.; Lynch, op. cit., pp. 350-351.
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(Chapters 4 and 7) context or environment within which technological
change in the form of greater mechnization of the production process
(Chapter 5) took place in the pulpwood logging industry. During the

same period, there has been a parallel change in the organizational

structure, an increase in its bureaucratization (Chapter 6), which was

necessitated by the change in technology (Chapters 6 and 8). However,

the process of bureaucratization was halted in its progression by the
conditions created by the physical and social environment (Chapters
4, 5, 6 and 7).

Before starting with the description and analysis of these
realities, there are two more tasks awaiting me: to discuss the con-

ceptual and operational framework used in the study in the remaining

part of this chapter and, in the next chapter, to clarify and justify

my methodological approach.

II. Conceptual Framework

My purpose in this section is to discuss the major theoretical

concepts which constitute the basis of the study. I will consider, in

order, organization and structure, technology, technological change,

environment, performance, and organizational change.

A, Organization and Structure

In this study, organizations are conceived as open systems involving
"the rational coordination of the activities of a number of people for
the achievement of some common explicit purpose or goal, through a hier-

archy of authority and responsibility."123‘ The concept of "system"

123Edgar Schein, Organizational Psychology (Englewood Cliffs, N.J.:
Prentice-Hall, 1965), p. 8. The system approach is used here by
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accounts for "the interactions and mutual dependencies of internal
organizational and environmental variables."124 This conception of
organizations is particularly useful in the analysis of the effects
of change.125 The organization then constitutes a more or less open
system126 characterized by a constant process of exchange with its
environment where both are mutually influenced in a ceaseless input-
throughput-output cycle. The organization cannot be understood nor

survive in isolation.127 Consequently, '"mo single final state or

opposition to other approaches such as the cluster approach which
do not apply as well. See W.V. Heydebrand, "The Study of Organi-
zations," in same (ed.), Comparative Organizations, pp. 51-52.

124
Ibidem. Emery and Trist wrote: "in a general way it may be said

that to think in terms of systems seems the most appropriate con-
ceptual response so far available when the phenomena under study --
at  any level and in any domain -- display the character of being
organized, and when understanding the nature of the interdepen-
dencies constitutes the research task" (F.E. Emery and E.L. Trist,
"The Causal Texture of Organizational Environments,' Human
Relations, 18, 1 (February, 1965): 21-32, p. 21).

125Zwerman, op. cit.

Thompson, op. cit. Thompson tried to reconcile the mechanistic and
closed system approach of the classical school with the open system
tradition of the modern theory. Following the '"problem-solving"
approach of March and Simon, Thompson saw complex organizations '"as
open systems, hence indeterminate and faced with uncertainty, but
at the same time as subject to criteria. of rationality and hence
needing determinateness and certainty" (p. 10). Technology and
environment are the two main sources of uncertainty, the first one
being a variable (thus controllable) and the second one being a
constraint or a contingency. They both jeopardize the instrumental
rationality of the organization, hence the certitude of its per-
formance. The organization tries to assure its technical rationality
by isolating the most technical part of the system (its production
system) from influences external to the system.

126

127
J.E. Haas and T.E. Drabek, Complex Organizations: A Sociological

Perspective (New York: The Macmillan Co., 1973), pp. 83 and
following.
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structure is assumed to be best for all organizations, as the qualities

of their environments are different."128 Variations in environment

thus require variations in organizational structure. In this process

of adaptation, the composition of the system tends to remain constant
while subject to a quasi-continuous increase in complexity and differ-

entiation. In other words, the system is viewed as '"ultra-stable,"

that is capable of maintaining "its identity through a series of
structural and organizational changes undergone in the process of

adaptation to changing situations."129 As Child put it:

The notion of organizations as systems acknowledges
that they are characterized by feedback loops, thus

any simple uni-directional model of causality...will

be ruled out on theoretical grounds. The idea of
organizations as open systems further implies that

they are characterized by equifinality (von Bertalanffy,
1969). This characteristic means that the same system
state may be reached by different routes. In terms of
the consideration of the relationships between techno-
logy, size, and structure, equifinality means that an
organization can be moved to a particular system state
from a previous system state no matter whether techno-
logy, size, or structure is changed first. Whereas
closed systems tend towards a time-independent equili-
brium state, an '"open system may attain a time-indepen-
dent state where the system remains constant as a whole
and in its phases, though there is a continuous flow
of the component materials. This is called a steady
state" (von Bertalanffy, 1969:71). The system may then
be represented by a series of simultaneous equations
relating the various system parameters and the inputs
from and outputs to the environment.

1281den., p. 86.

29Renate Mayntz, ''The Study of Organizations. A Trend Report and
Bibliography," Current Sociology, 13 3 (1964): 95-119, pp. 101-102.

130Child and Mansfield, "Technology, Size and Organization Structure,"
pP. 371; L. von Bertalanffy, 'The Theory of Open Systems in Physics
and Biology" (1950), reprinted in F.E. Emery (ed.), Systems Thinking

(Harmondsworth, England: Penguin, 1969).
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Other features of this model indicate that the focus of analysis
is rather upon observable patterns of activity than upon individual
actors.131 Organizational boundaries, which are somewhat difficult to
conceptualize, change, are permeable and are determined according to
the problem at hand.132 The system of interaction, outside as well as
inside the organization, reflects differences in power, control and
autonomy which are continually subject to renegotiation between the
layers or groups involved.133

Organizations as systems are thus composed of many sub-systems

(groups, departments, shops, etc.) in dynamic interaction with .one

another and in mutual dependency. However, one should not exaggerate

this important feature of the model. Gouldner, for one, has suggested

131Haas and Drabek, op. cit., p. 88. For some research implications
of the use of a system perspective, see the same, pp. 306-308.

132

Idem., pp. 88-89.
133 ' . . . .
Idem., p. 90. The adoption of the system model in this study is for

its heuristic value and its relevance to the problem at hand. Al-
though various criticism have been formulated against it, I believe
that its shortcomings do not destroy its usefulness for the present
Some of these criticisms do not apply in the present case
while others have been taken into account. For instance, I fully
integrate technology within the model here. Moreover, I take into
account the fact that its handling of change is generally too ex-
clusively focused on the external influence of the environment
neglecting the internal sources of change. Organizations, as empha-
sized by Blau and Scott, are constantly facing internal '"dilemmas"
which contribute largely to structural change (see P.M. Blau and

W.R. Scott, Formal Organizations (San Francisco: Chandler Publishing
Co., 1962), Ch. 9). For further elaboration of the open system
model, see D. Katz and R.L. Kahn, The Social Psychology of Organi-
zations (New York: Wiley, 1966); W. Buckley, Sociology and Modern
Systems Theory (Englewood Cliffs, N.J.: Prentice-Hall, 1967) and
(ed.), Modern Systems Research for the Behavioral Scientist (Chicago:
Aldine Publishing, 1968). For a further evaluation of this model,

see Silverman, op. cit.

study.
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how this interaction involves relative autonomy as well as interdepen-

dence.134 The various departments or specialized sub-units embody

the main functions of the organization. Functions are defined here

as systems '"of actions (or activities), centered around the use of a
technique, which contribute to the realization of the goal of the firm

or of one of its sub—goals."135 These functions are not at the same

level and the distinction made by Woodward 6 between ''task-functions"

(basic activities)and '"element-functions' (service activities) can be

usefully referred to here. The first ones are directed toward specific,

identified and coordinated results and are independent from each other

(i.e., they can be performed separately in time and space). On the

contrary, the second ones are seldom oriented toward specific results,
cannot be separated in time and space without difficulties and appear
usually as soon as the task-functions are established.

Finally, the structure of the organization refers to the differ-

entiated network of activities and groups of activities and functions,

134 '
A.W. Gouldner, '"Reciprocity and Autonomy in Functional Theory,"

Llevellyn Gross (ed.), Symposium on Sociological Theory (New York:
Harper and Row, 1959), Ch. 8, pp. 241-271. This is a good example
of internal "dilemma". Both characteristics are essential for the
existence of the system, its maintenance and its satisfactory func-
tioning. On the one hand, too much dependency or interdependency
creates rigidities and the inability of the parts of the system to
innovate enough to survive. On the other hand, too much autonomy
contributes in the end to a loss of power and control by the system
over its components and eventually leads to its complete disinte-
gration. For Gouldner, variations in dependence and autonomy
between components constitute a critical index of the nature and
importance of the function performed by these parts for the system

and of their position in it.

in

3 . . R
5Jacques Lobstein, "Structure et organisation de l'entreprise 1", in
G. Friedmann and P. Naville (eds.), Traité€ de sociclogie du travail

(Paris: Armand Callin, 1961), Tome 2, p. 46. My translatiom.

136Woodw‘ard, Induétrial‘orggniZation: Theory and Practice, Ch. 7.
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and the patterns of coordinated relationships which bind them together.
In this study, I am concerned only with the formal structure (the
explicit and official patterns) and the occupational structure (the
division of the personnel "into categories on the basis of differences
of functions and skill").137 As mentioned earlier in this chapter, the

characteristics of the formal structure constitute the central focus

of the study. It is, indeed, mostly through the variations in these
characteristics that the impact of technology is felt and revealed by
the organization. I have used, with minor adaptations, five familiar
structural characteristics defined and operationalized by the Aston
group: specialization, standardization, formalization, centralization

and configuration, as well as the composite dimensions which they

obtained from their factorial analysis: the structuring of activities,

the concentration of authority, the line control of workflow, and the

size of the supportive component;l38 Child summarized well the meaning

of the main structural characteristics.

[
Functional specialization indicates the number of

functional specializations from a list of sixteen
which are performed in an organization by a speci-
alist —- that is, a person whose fulltime job in-
volves solely the function in question. Role speci-
alization summarizes the extent to which a variety
of roles within each of the sixteen functions are
performed by specialists. Standardization indicates
the number of rules and procedures from a given list
which are extant in an organization. Formalization
indicates the extent to which paperwork is used to

137
Scott et al., op. cit. In the present stu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>