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Computer Technology and the Redefinition of Supervision: A
Study of the Effects of Computerisation on Railway Freight
Supervisors

by

Patrick Mark Bryant Dawson

The relationship between computer technology and supervision is examined with
reference to new empirical evidence drawn from a study of the computerisation of freight
operations in British Rail. Attention is focused on the extent to which computerisation
allows for a more integrated system of management control, and the possibility of
devolving additional elements of control from middle management to the local supervisory
level.

Contemporary research often claims that the first-line supervisor is becoming more
peripheral to the direct control of operations, as computerised equipment takes over the
execution of many supervisory tasks, and as operatives who are skilled in the use of new
technology overtake the apparent skill superiority of first-line supervisors. This thesis
contends that it is misleading to focus on the ‘pure’ role of the first-line supervisor when
studying the effects of computer technology on supervision.

The main body of empirical data is drawn from an in-depth study of the effects of change
in five traditional marshalling yards in three British Rail regions. The case study
examines how the application of a comprehensive computer system to process and
transmit information over diverse and spatially distant freight yards can transform the
distribution of responsibilities for operational control within management. It is argued
that the redistribution of management control functions over a network of organisational
levels has resulted in a far more complex redefinition of supervision than is implied by the
apparent erosion of the role of the first-line supervisor. A broader conception of
supervision is presented in order to explain changes in the distribution of supervisory
tasks across various supervisory levels, within the context of changes in work
organisation and the system of management control. Finally, it is argued that whilst
computerisation may erode the traditional basis of supervision, it may also result in the
emergence of a new type of computer-oriented supervisor, whose role is to use the ‘real-
time’ information provided by the computer to co-ordinate and control previously diverse
areas of production or service operations.
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Chapter 1. Introduction

(1) Research Objectives

The purpose of this dissertation is to examine the effects of
computerisation on the roles of supervisors and the function of supervision.
This examination is conducted at two levels and deals with:

® the initial impact and longer term effects of computerisation on the
roles of supervisors and the function of supervision

® the factors which shape the redefinition of supervision from the initial
decision to invest in computer technology through to the routine
operation of computer-aided operating (or production) systems

This research aims to complement the findings of contemporary studies on
the ‘impact’ of new technology on the role of the first-line supervisor.! A
major objective is to test empirically the general view of previous studies
that the application of computer technology tends to erode the importance
of supervision in the exercise of management control. In critically
examining this view it is argued that the present debate is hampered by
conceptual weaknesses deriving from the problem of defining supervisory
roles and tasks. Through developing a broader concept of supervision it is
suggested that computerisation is likely to involve a far more complex
redefinition of supervisory functions than is implied by the apparent
erosion of the role of the first-line supervisor. This hypothesis is evaluated
in Part II in an empirical case study analysis of the effects of
computerisation on the jobs of railway freight supervisors.

A major obstacle in any study which aims to examine computerisation
and the redefinition of supervision is the length of the timescale involved.
The computerisation of British Rail’s system of freight information control
took nearly six years from the initial decision to introduce computer
technology through to the routine operation of the new computer system.
Moreover, as the computer-aided operating system chosen for study had
been implemented prior to the start of the research, it was not possible to
monitor the whole process of change. Consequently, the nature of the
operating system before and during the change had to be reconstructed
from retrospective accounts and documentary material made available
during the research. Chapter 4 examines those factors which shaped the
process of computerisation from the initial decision to invest through to

implementation and initial operation of the system. The remaining



chapters then discuss in more detail the changes in supervision which
resulted from the adoption of a computer-aided operating system.

The initial decision to investigate the effects of computer technology on
supervision was taken by the New Technology Research Group. It was
agreed that such a study would contribute to a wider programme of
research being carried out at Southampton University, and further the
Group’s objective to critically examine the consequences of technological
change for supervision, management and organisational structure.

(ii) The New Technology Research Group (NTRG)

The NTRG was established at Southampton University to combine the
expertise of social scientists and engineers to investigate the introduction

of new technologies in work organisations.

The Group was founded in 1979 by Dr. R.W. King and Professor R.C.
Smith of the Department of Electronics, and Dr. J.W. Clark and Professor
J.H. Smith of the Department of Sociology and Social Administration.
Initial funding of approximately £100,000 was provided by the Joint
SERC/SSRC Committee, which was the main source of support for the
research into the introduction of a computerised freight information
system in British Rail, and the modernisation of British Telecom telephone

exchanges.

The principal objectives of the Group are to explore the process and
outcomes of technological change, which includes an examination of:

® the consequences of technological change for management, supervision
and organisational structure

® the problems of engineering and management choice, and design of new
technologies in work organisations

® the nature of strategies developed to implement new technologies in the
work place, including education and training in new skills

® the development of trade union strategies in response to the
introduction of new technologies

® the consequences of technological change for the design of work and
attitudes of work groups

® the effectiveness of industrial relations procedures in handling the

issues arising from technological change.?



Since 1979, a number of empirical case studies on the introduction of new

technologies in work organisations have been completed.?

(iii) Existing Research

The capacity of computer information technologies to capture, process and
transmit large quantities of information at high speed has important
implications for the ability of management to control production
operations. This is especially the case where these operations are
geographically dispersed, or in production units which are geographically
remote from corporate management. Computer-based information systems
have the potential to make operations more ‘visible’ to senior management
and thus capable of being controlled more directly.*

Such an application of computer technology raises obvious questions
about the role of the supervisory function in relation to management
control systems, since supervisors have traditionally been at the interface
of management and the control of production operations.

The literature of the late fifties and early sixties suggested that
computerisation could either contribute to an erosion of the traditional
supervisory role by enabling a centralisation of control in the hands of
management away from the point of production, or alternatively, that
computerisation could be used to decentralise production control and
enhance the role of supervisors.® In either event, it was claimed that
computer technologies would create new structures of control, particularly

at lower levels of line management.®

The predominant findings of more recent literature suggest that computer
technology is contributing to an erosion of the role of the first-line
supervisor.” These studies illustrate how supervisors are becoming
increasingly peripheral to the system of control as the shopfloor control
function of supervision is incorporated into the machine, concentrated in
higher management, or devolved to operatives. It has been found that
although computer technology affords the possibility of combining an
enhanced supervisory role with greater functional integration, in practice,
the tendency has been to diminish the control function of supervision at the
point of production and therefore, erode the role of the first-line

supervisor.®



These conclusions contrast with those of the study into the effects of
computer technology on marshalling yard supervision reported here. In
this study it was found that some supervisory roles had persisted, some
supervisory responsibilities had been eroded, and a new ‘key’ supervisory
role had emerged. This suggests that computerisation can involve a far
more complex redefinition of the supervisory function than is implied by
simply pointing to the apparent erosion of the role of the first-line
supervisor. This thesis therefore contends that a broader conception of
supervision is required to account for changes in the distribution of
supervisory tasks across various occupational levels within work

organisations.

(iv) Reconceptualising Supervision

In order to take account of the way in which the traditional function of
supervisory control is redefined with the introduction of computer
technology, supervision is broadly conceptualised as the direct control of
workplace operations. The supervisory control functions identified at the

workplace comprise:

® planning and directing workplace operations
® monitoring and evaluating workplace operations
® correcting and adapting workplace operations

Individuals are designated as holding a supervisory relationship to an
operating (or production) system in cases where: firstly, they are in direct
control of some aspects of workplace operations; and secondly, authority is
invested in their position by management and/or the workforce. These
criteria are used to delimit a structure of supervision comprising a
hierarchy of supervisory roles. The day-to-day liaison between, and
interaction of, these individuals is taken into account by employing the
concept of a ‘supervisory system of control’ developed by Thurley and
Wirdenius.? The redefinition of supervision is also explained within the
context of changes in work organisation and the system of management

control (see Chapter 3).

(v) The British Rail Case Study

In 1971 British Rail decided to invest £13 million in a new computer
information system to improve management’s control over freight
operations. The system, known as Total Operations Processing System



(TOPS), has been in operation since 1975 following a four year
implementation programme. TOPS constituted one of the first large-scale
ventures by British industry in the application of an on-line real-time
computer information system. Moreover, whilst technological change on
the railways is usually seen from outside the industry in terms of changes
in traction, signalling, or ‘permanent way’, the application of computer
technology to the problems of management control of railway freight
operations is viewed within the industry as one of the most significant
advances to have taken place within the last ten to fifteen years. The
computer system is regarded by British Rail management as having
accomplished a ‘quiet revolution’ in railway operating practice.

This dissertation documents the findings of research conducted between
1981 and 1983 on the effects of computer technology on railway freight
supervisors. This involved a retrospective study of management strategy
and industrial relations issues in the implementation of the TOPS system,
and a more detailed study of the effects of change on local supervision in
railway marshalling yards. The main body of empirical data is drawn from
the latter research, which involved an in-depth study of the effects of
change in five traditional marshalling yards in three British Rail regions.!?

(vi) Research Methodology

The fieldwork for the retrospective study of the system implementation
comprised the following methods and sources of data:

® a series of familiarisation visits and periods of observation at British
Rail installations, for example, freight yard and customer terminals,
British Rail Board and regional headquarters, regional control offices,
and British Rail training schools

® a programme of interviews with ‘key informants’ involved in the
implementation of the system including: the British Rail chief
executive; the TOPS project manager; the implementation team
manager; computing and telecommunications specialists; various
members of the implementation team; and members of the freight
operations department currently using the system at area and
headquarters levels

® a search of documents and files held by the British Rail Board relating
to the implementation and enhancement of the system (these included a
detailed report prepared by the project manager on the implementation

of the system)



® a search of files held by the rail unions and discussions with their
research departments

This research was carried out by myself and by other members of the New

Technology Research Group between October 1981 and the summer of

1982.1!

The main body of research on the effects of computer technology on local
supervision was conducted by myself between May 1982 and November
1983. During the study, interviews were conducted with 80 British Rail

employees at:

® national and regional headquarters
® two British Rail training centres
® anumber of British Rail marshalling yards

In the five marshalling yards which formed the basis of the study
interviews were conducted with 10 local managers, 12 senior supervisors,
17 first-line supervisors, 12 deputy supervisors, and 10 working
supervisors (for a more detailed breakdown see Tables II-V, pp.226-228).
The interview schedules covered topics such as job content, working and
personal relationships with other supervisors, management and yard staff,
and the way these had been changed by computerisation (see Appendix III).

A questionnaire was designed solely for use with supervisory graded staff,
who at the outset of the study claimed that they might not have enough
time to be interviewed. The questionnaire was therefore intended either to
provide data which could not otherwise be obtained, or to act as a
supplement to interviews conducted with the supervisors. Asit turned out,
data elicited by questionnaire was largely used to supplement other
methods of data collection. Questionnaires were completed by fourteen
senior supervisors and ten first-line supervisors from a sample taken in
five marshalling yards and two supervisory training centres (see Appendix
1v).

A key research method used throughout the study was non-participant
observation. In each of the five marshalling yards periods of between two
to five weeks were spent observing the working practices of staff. Full ten
hour day and night shifts were spent with individual supervisors and
‘shunting gangs’, observing and informally discussing the work of yard
staff. Particular attention was paid to the use that was made of
information from the computer system by supervisors in making operating
decisions. In addition, the nature and number of contacts with other



supervisors and yard staff were monitored. Such a detailed programme of
observation made it possible to ascertain the nature of supervisory tasks
and the roles of individual supervisors. Furthermore, from interviews and
discussions, it was possible to construct a picture of working practices prior

to computerisation.

Data elicited through these methods was supplemented by documentary
material from the local marshalling yard (this included job descriptions of
marshalling yard staff) and from national and regional headquarters.

Finally, further attempts were made to understand the operational use of
the computer by briefly visiting and examining systems on Victoria
Railways (Australia) and New Zealand Railways, and by attending courses
held on the TOPS system for supervisors at British Rail’s training schools

(see also Appendix IT).

(vii) Structure

Chapter 2 provides an historical outline of the emergence of the role of the
formal first-line supervisor and characterises two general types of first-line
supervisory positions. In an examination of the effects of technical change
on the role of the supervisor, it is shown how debates within the literature
have tended to focus on these two general types of supervisory roles and
have equated changes in supervision with either changes in the role, or

traditional labour control function, of first-line supervisors.

Following this general analysis of the effects of technical change on
supervision, the next section critically examines the literature which
discusses the effects of computer technology on the role of the supervisor. It
is argued that the predominant view that the role and function of
supervision is becoming increasingly peripheral to the control of production
operations should be treated with some caution. The chapter concludes by

suggesting the need for:

® a more differentiated conceptual framework for analysing the effects of
computer technology on the roles of supervisors and the function of
supervision

® an analytical framework for investigating the process of
computerisation from the initial decision to invest in new technology,
through to the routine operation of computer-based operating systems.



It is claimed that these are required in order to explain adequately the
effects of computerisation on supervision in general, and hence to
understand the implications of computer technology for the roles of

supervisors and the function of supervision.

In Chapter 3, an analytical and conceptual framework for examining the
effects of computerisation on supervision is developed. The first section
identifies the ‘stages of innovation’ associated with the introduction of new
technology, and at each ‘stage’, the main factors which have been identified
within the literature as influencing the process of change. A number of
analytically distinct ‘stages’ are then defined and a framework for the case
study examination of the process and outcome of computerisation is
provided. In the remainder of the chapter, a broader conception of
supervision is formulated to take into account the variety of supervisory
tasks, status levels, and job titles of individuals who are directly engaged in
the continuous control of an operating (or production) system. This
framework is employed in part II, in an empirical examination of the
effects of computer technology on ‘supervisory systems of control’ and
individual supervisory roles in British Rail marshalling yards.

Chapter 4 provides a retrospective study of management strategy and
industrial relations issues in the implementation of TOPS. The analytical
framework developed in Chapter 3 is used to examine the various stages
associated with the introduction of TOPS including: the decision to invest;
the choice and design of the technology; the initial planning and
implementation strategies; and routine operation. The major factors which
shaped the process of change are identified, and the chapter concludes with
an assessment of the influence of these factors on the organisational

outcome of computerisation.

In Chapter 5, the broader conception of supervision developed in Chapter
3 is utilised in an examination of the effects of computer technology on
marshalling yard supervision. It is shown how computerisation involved a
far more complex redefinition of supervisory functions than is implied by
the apparent erosion of the role of the first-line supervisor.

Chapter 6 then examines the outcome of computerisation on first-line
supervision. The degree to which computer technology is rendering first-

line supervisory positions more peripheral or pivotal to the operating



system is also discussed in the light of the recent debates outlined in
Chapter 2.

Chapter 7 investigates the creation of a new supervisory position (the
area freight assistant) and evaluates the extent to which computer
technology may facilitate the emergence of a new type of computer-
oriented supervisory position, the purpose of which is to control previously

diverse areas of production operations.

In Chapter 8, the main substantive findings of the research are
summarised and the implications of computer technology for supervision

are reappraised.

Finally, it should be noted that unless otherwise stated, the diagrams
presented in this study have been created by the author in order to clarify
and illustrate the main body of the text.
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Part I. Computer Technology and Supervision

The first part of this dissertation reviews the literature on technological
change and supervision. Particular attention is paid to discussions of the
emergence and changing role of the first-line supervisor. Two general
types of supervisory roles are characterised and the implications of
computer technology for these positions are appraised. It is suggested that
in order to fully appreciate the effects of computer technology on
supervision, it is important to examine changes in supervisory jobs within
the context of changes in work organisation and the wider system of
management control. With this aim in mind, supervision is
reconceptualised and the criteria for identifying and defining supervisory
positions are outlined. An analytical framework is also developed in order
to identify and analyse the key factors which redefine supervision during

the introduction of computer technology.
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Chapter 2. The Role of The Supervisor: Historical Development
and Key Issues

(1) Introduction

The two predominant themes within debates on the relationship between
computer technology and supervision focus attention on: firstly, the extent
to which there has been a shift in supervisory emphasis resulting in the
emergence of a new ‘breed’ of supervisor; and secondly, the degree to which
the role of the supervisor has become ‘pivotal’ or ‘peripheral’ to the

operating (or production) system.

In the first section an account is given of the historical emergence and
changing role of the supervisor. From this discussion two general types of
first-line supervisory roles are characterised. The second section then
examines two apparently contrasting views about the effects of technical
change on the role of the supervisor. The third section discusses the
particular implications and consequences of computer technology for the
role of the supervisor. The chapter concludes by questioning whether
changes in the role of the first-line supervisor can be equated with changes

in superuvision.

(ii) The Changing Role of the First-line Supervisor

Evidence from the literature suggests that the traditional supervisor
concerned primarily with controlling the activities of labour (the ‘overseer’
of labour) has been replaced by a new type of supervisor who spends most of
his time dealing with technical contingencies and monitoring the overall
performance of a particular operating system. This section examines this
hypothesis and outlines the main characteristics of two general types of

first-line supervisory roles.

(a) The Historical Emergence of the First-line Supervisor

From the master craftsman the supervisor...has largely
inherited what is expected of him. From the lead man he has,
however, largely inherited his actual position.!

The evolution of the supervisors’ role has its origins both in the semi-
independent contractor? and in the lead man or chargeman.®? The internal
contractor or piecemaster would undertake a certain project at a given

price, receiving the difference between the stipulated rate and the costs in
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the form of a profit or loss.* The leading man or master craftsman would
normally be responsible for the pace of work and the behaviour of the work

group.’

Throughout the nineteenth century supervision usually involved some
element of sub-contract.? The supervisors were regarded as ‘undisputed
masters’ and had the authority to hire and fire, set wages, and plan the
allocation of work.” The importance of supervision increased with the
growth of large factories and the reliance on ‘middle men’ to oversee
workplace operations under larger scales of production. In a study of the
engineering industry, Melling suggests that employers used more intense
and direct forms of supervision to reduce overall costs and improve output
and efficiency.? The semi-autocratic supervisor was given free reign as
employers attempted to instil discipline and improve the work performance
of operatives:

The agglomeration of workers into factories was a natural
outgrowth of the putting out system whose success had little or
nothing to do with the technological superiority of large-scale
machinery. The key to the success of the factory, as well as its
inspiration, was the substitution of capitalists’ for workers’
control of the production process; discipline and supervision

could and did reduce costs without being technologically
superior.?

Technology, therefore, was used by management to redefine labour’s
potential to produce output and supervision was used as a means of

realising that potential.

By the 1870s the use of sub-contractors was in sharp decline, and by the
turn of the century the traditional, directly-employed foreman had largely
replaced the internal contractor before him.!® In most workplaces with the
possible exception of those employing large groups of craftsmen, such as in
printing and ship building, the traditional supervisor held an ‘undisputed’
position of power and authority over shop floor workers. The major
difference between the internal contractor and the traditional supervisor
was that the latter did not employ their own labour, rather, their main
source of income was in the form of wages. The role of the supervisor was
carried out internally within the organisation rather than externally
through sub-contractors. The change in the type of employment of the
supervisor was complex. Essentially, the contractor either became
integrated within the organisational structure as a directly employed
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foreman, or he became a semi-supervisor answerable to a foreman (for

example, chargeman), or he became a ‘submerged workgroup leader’.!!

(b) The Traditional Labour-Oriented Supervisor

The traditional supervisor or foreman may be defined as: an individual
who oversees the activities of a workgroup by close contact. Taken from the
latin supervidere ({o overlook), supervision was used to refer to the function
of controlling labour. In thisinstance foremanship involves:

® regulating and directing the activities of labour
® monitoring and evaluating the performance of labour
e disciplining the non-compliance of labour!?

In other words, the traditional supervisor is an ‘overseer of labour’ whose
raison d’étre is the close supervision and control of labour activities. The

major characteristics of this type of supervisor are:

predominantly of working class origin

recruited from the shop floor

knowledge based on years of practical experience
little formal education and training

position represents end of career progression

tendency to be middle-aged

Through overseeing the activities of labour by close contact the traditional
supervisor has been identified as a ‘labour master’,'® a ‘rank and file
supervisor’,!* or a ‘working-class foreman’.!® In addition, he has been
identified as holding an increasingly peripheral and ambiguous position to
production control following shop floor unionisation, technical advance and

the development of more impersonal forms of labour control.'®

The modification of the traditional role of the supervisor as an ‘hire-and-
fire’ figure is examined below, and the degree to which his ‘labour master’
role has become pivotal or peripheral to the operating system following
technical change is discussed in greater detail in the next section.

(c) Challenge to the Traditional First-line Supervisor

At the turn of the century workplace conflict became an overt problem for
employers. By the end of the First World War, the autocratic style of
supervision was identified as a significant problem within British
industry.!” Supervisors were not only seen to be the cause of much work
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place conflict, but they were also found to be a major source of resistance to
technical change and work re-organisation schemes.!’®* As Child and
Partridge note:

After the war, the supervisor was singled out as the culprit for

much of the industrial unrest and hostility of employers which
then prevailed.!®

During the inter-war period, scientific management became attractive as
it appeared to offer a solution to this problem by challenging the span of
control and degree of domination afforded the traditional supervisor?®

through the concept of ‘functional foremanship’.?!

F.W.Taylor (the founding father of scientific management) advocated the
abandonment of an hierarchical militaristic type of organisation and
suggested its substitution with ‘functional management’.?? The suggestion
was to replace the traditional ‘multi-purpose’ foreman who was held
responsible for the sucessful running of the entire shop, with a number of
different bosses, all of whom would perform their own particular function
(for example, gang-bosses, speed bosses, inspectors, repair bosses, and shop
disciplinarian).?? Although this form of functional management was never
fully adopted in Britain, new forms of work organisation evolved during
the inter-war period which reflected these Taylorite principles.?*

Following the Second World War, many of the advocated solutions to the
problem of autocratic supervision were based on formal supervisory
training in ‘human relations’ techniques.?® The emergence of early courses
in job relations stem largely from the establishment of a Training Within
Industry (TWI) agency, set up in America in 1940 to assist production and
service executives in common human relations problems of industrial men
and women. The TWI programmes were developed from an examination
and identification of five essential requirements for effective supervision,
namely: knowledge of work; knowledge of responsibility; leadership skills;
instruction skills; and skill in improving methods of operation. The TWI
system was based on the concept that, of the five essential qualities of a
supervisor, the last three were common to all supervisory positions no

matter what the nature of the industry.?

The three programmes in which these three common requirements were

developed are:

® job instruction: for developing skill in the training of operators
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® jobrelations: for developing skill in management
® job methods: for improving methods of work

In 1944, the TWI programme was adopted in Britain, and with the setting
up of the Institute of Industrial Supervisors in 1947, the ground had been
prepared for a period of ‘training’ and ‘debate’ on the issue of job relations

and supervisory performance.?’

After the Second World War, with the growth in the size of the industrial
enterprise, economic prosperity and unionisation, an additional ‘problem’
of supervision was identified by academics who were concerned with the
issue of supervisory re-adjustment and organisational change.?®
Essentially it was argued that with the advent of relatively full
employment since the late 1940s, the mobility of labour had increased and
consequently workers felt less compelled to submit to the authority of the
foreman.?® The supervisor had become the ‘man in the middle’ required to
satisfy the needs of both management and the workforce.3? In addition, it
was argued that changes in the functional organisation of work, and the
substantial growth in the collective organisation of employees and the
power of the shop steward, had aggravated the supervisory ‘problem’ of
conflicting demands and created the ‘problem’ of marginality.?! In short,
the traditional supervisor was not only caught between conflicting
demands from management and the shopfloor, he was also becoming
increasingly marginal to the actual running of the operating system.

The two ‘problems’ are defined in the literature as deriving from:

® thechanging qualities required of individuals in supervisory positions
® organisational change and the ‘middle’ or ‘marginal’ position of the

supervisor
AsThurley and Wirdenius have indicated:

The great majority of studies have been dominated by two
concepts, that of (a) leadership and (b) the link role (foreman
between management and men)...The leadership studies
provided the framework and justification for supervisory
training in many countries...The link role studies on the other
hand, have been utilized to explain supervisory behaviour in
industrial disputes and the problem of role stress for
supervisors.®?

The leadership studies claim that the supervisor has an important role as
a ‘leader’ and ‘motivator’ of men, rather than as a shop disciplinarian.?® It
would appear that effective supervision of labour demands a ‘flexible-
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situational’ but ‘dispositionally-consistent’ style of leadership.?* This is in
addition to the need for a ‘differentiated role’ and ‘generalist approach’,3®
which is both formally recognised and influential, and yet independent
from management.®® 1In short, through a programme of supervisory
training the role of the supervisor needs to be redefined as a type of ‘human
relations leader’ as opposed to a ‘bowler-hatted boss’.

The basic argument of the ‘marginal man’ thesis is that since the war, the
authority, status and role of the supervisor has been eroded because of
increased worker unionisation and management specialisation (in, for
example, the growth in personnel departments).?” It is claimed that the
position of the foreman has become increasingly peripheral to the system of
control, and that there is no longer a need for traditional supervision

within the modern organisation.

The literature therefore indicates that the role of the traditional
supervisor has been either eroded, replaced or redefined. However, both
the ‘leadership’ view and the ‘marginal man’ view are open to a number of
criticisms. The leadership studies, for example, have not given adequate
attention to the fact that the task of directing a work group may account for
only a small proportion of the formal first-line supervisor’s time.?® In
contrast, this may be a central element in the job of informal work group
leaders, who are however not formally defined as holding a supervisory
relationship to production.?® This tendency in the literature to concentrate
on formal first-line supervisory positions has major weaknesses which are
discussed in more detail later. Furthermore, it is a fallacy to represent
changes in supervision as a linear evolution followed by a subsequent
decline in the position of the first-line supervisor. This is well documented
in Melling’s historical analysis of the changing role of the supervisor in
engineering and building trades.*® Melling demonstrates how the growth
in scale and complexity of large enterprises, increasing managerial
specialisation, the spread of formal union membership, and technological
innovation, have not led to a coherent evolution in the role of the
traditional supervisor. He concludes that by concentrating on the ‘problem’
of role conflict and role ambiguity, many writers fail to provide accurate
accounts of the actual changes which have occurred to supervisory roles in
specific trades and industries.*! Studies carried out by Hill*? and the
National Institute of Industrial Psychology*® have also illustrated the
dangers of making general statements about the role of the supervisor.
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They stress the need to examine the actual function of supervision in each
particular industrial setting.** This will be one of the main aims of the case
study discussed in Part II of the thesis.

Research carried out in the early fifties and sixties into the job of the
supervisor demonstrated how the traditional responsibilities of labour
leadership and control had been redefined. The supervisor was shown to be
no longer primarily concerned with the supervision of labour activities, but
involved in a much wider range of tasks.*> As Thurley and Wirdenius note:

The idea of the supervisor in charge of his group of men, which
was a very accurate picture at earlier stages of industrialisation,
has lingered on, and is highly misrepresentative of many
situations in modern technology, where supervisors are

extremely dependent on each other and working together with
other supervisors and functional specialists.*6

In a study of five production industries, Thurley and Hamblin found that
the main supervisory functions carried out by first-line supervisors varied
considerably both across industries and within different departments of the
same industry.*” Nevertheless, all of the supervisors were to some extent

involved in doing four basic tasks, namely:

® planning work

® monitoring its progress

® dealing with contingencies
® reporting to management*®

Studies concerned with the jobs of supervisors illustrate the diversity of
supervisory tasks found in industry. In addition, they indicate a shift in
supervisory emphasis away from the supervision of labour and towards
‘machine’ and ‘process’ supervision.*? This is particularly evident in
studies which have examined more technically advanced systems of

production.®

In summary, this shift in supervisory emphasis identified in the
literature suggests that there are two generally distinet ‘types’ of
supervisor. One is primarily concerned with the supervision of people (the
traditional labour-oriented supervisor), and the other is essentially
involved in the supervision of equipment and technical processes (the
machine-oriented supervisor). These two types (one concerned primarily
with the ‘human’ aspects of work, and one concerned primarily with the
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‘technical’ aspects of work) can be regarded as the two ends (polar

opposites) of a continuum of supervisory roles found in practice.

(d) The Machine-Oriented Supervisor

The machine-oriented supervisor is the term used to characterise what
has been identified as a new type of ‘technical’ supervisory role. Here

supervision involves:

® planning and directing technical operations
® monitoring and evaluating technical operations
® correcting and adapting technical operations

The machine-oriented supervisor is concerned with the effective running
and maintenance of an operating system in which technical contingencies
are the prime cause of production failures. He has been identified as a
‘managerial supervisor’,’! a ‘technical supervisor’,’? and a ‘middle-class

foreman’.53

The major defining characteristics of this new type of supervisor are:

predominantly of upper working and middle classorigin
recruited from the shop floor and/or as a graduate entrant
knowledge technically based

extensive training and formal education

position represents one stage of career development

tendency to be relatively young

In contrast to the traditional labour-oriented supervisor, this new type of
machine-oriented supervisory position is based on technical skill rather
than ‘knowledge-through-experience’ or an ability to supervise men. The
extent to which this new supervisory role has become ‘pivotal’ or
‘peripheral’ under more technically advanced systems of production, is a
question which will be examined in the following section.

(iii) Pivotal or Peripheral? Technical Change and the Role of
the Supervisor

In this section two alternative views on the effects of technical change on

supervision are examined:

e firstly, that the role of the supervisor is becoming increasingly

peripheral
® secondly, that the role of the supervisor has become more pivotal
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The first view suggest that advances in technology and work re-
organisation schemes have contributed to an erosion of the traditional
supervisory role, which is becoming increasingly peripheral to
management as control is removed from the point of production.’* An
alternative, though not necessarily contradictory view is that, with
advances in technology, the overall process of production has become more
complex and the supervisor has been redefined as a ‘technical expert’ with
a narrow span of control (the machine-oriented supervisor). He holds a
pivotal position in relation to production control, by dealing with technical
contingencies and ensuring the uninterrupted flow of the operating

system.%®

(a) The Peripheral View

The view that the supervisor is becoming increasingly peripheral has
been forwarded by a number of writers covering a range of perspectives.>®
This section will concentrate on one particular perspective which links the
erosion of traditional labour-oriented supervision with a decline in the need
for the direct control of labour as more sophisticated mechanisms of control
are introduced into the ‘labour process’. In short, the labour control
function of supervision is seen to be increasingly incorporated into

bureaucratic or technical systems of control.?”

Writers who adopt this perspective in their analysis of supervision and

technical change generally claim that:

® the ‘variability’ of labour poses itself as a recurrent managerial
problem, and increasing control over the ‘predictability’ of labour is a
central managerial objective®8

® new technologies tend to be introduced and used by management as
systems of control which replace traditional modes of supervision. New
technology is thereby seen to eliminate and/or erode the traditional

function of supervision.®

Edwards, in his book Contested Terrain, identifies three elements essential

to the control of labour, namely:

® directing the activities of labour
® monitoring the activities of labour

® disciplining the non-compliance of labour.®°
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According to his historical analysis, the systems of control used by
management to co-ordinate these three elements have undergone
fundamental changes. His argument is that it is possible to discern a
typology of systems of control which have evolved as a result of conflict and
contradiction in the capitalist enterprise, that is, from simple forms of
personal control systems (entrepreneurial control and hierarchical control)
to ‘structural’ systems of control (technical control and bureaucratic

control).®!

Edwards argues that under the personal control systems of the nineteenth
century, the supervisor held a pivotal position as a managerial agent of
labour control. The main function of supervision was to direct, evaluate
and discipline labour with the objective of ensuring that workers worked.
As Edwards noted:

Power was unmistakably vested in the person of supervisor.5?

With the growth in the size of businesses in the twentieth century and the
increased need to co-ordinate spatially dispersed areas of operation, more
formalised methods of control were developed. Management formulated
and implemented sets of rules and disciplinary procedures. These
impersonal ‘bureaucratic’ control methods had the advantage of being less
visible to workers whilst resolving the ‘problem’ of autocratic supervision.5
The other structural method which management has employed involved
technical control through the introduction of modern technologies. For
example, Edwards argues that the introduction of assembly-line
technology enabled management to eliminate direct supervision which had
highlighted the class division at the workplace:%4

The substitution of technical for human direction and pacing of
work simultaneously revolutionised the relation between
foreman and workers...In effect, the line eliminated ‘obtrusive
foremanship’, that is close supervision in which the foreman

simultaneously directed production, inspected and approved
work, and disciplined workers.%®

Whilst technical control incorporated the elements of direction, Edwards
recognised that foremen on the assembly-line still held important positions
as ‘inspectors’, with responsibility for maintaining product standards and
detecting inadequate work.®® He claims that the job of the foreman was

transformed to a monitoring job and hence, was no longer concerned with
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the initiation and control of job tasks (the pace and pattern of work being

set by the machinery).5”

Edward’s conclusion that traditional supervision is becoming
increasingly peripheral to production rests on the claim that impersonal
control mechanisms have replaced supervisors as the main instrument for
controlling staff. Itis argued that developments in systems of bureaucratic
control have relieved the supervisor of the task of disciplining staff, and
developments in technical control systems have incorporated the element

of direction.

This approach examines and defines the position of foremen in terms of
the labour control function of capital.’® Essentially, the role of the
supervisor is seen to centre on extracting ‘surplus value’ from the workforce
and transforming ‘labour power’ into ‘labour’.%? These studies note changes
in the methods employed by management to control labour and argue that
there has been a ‘peripheralisation’ of the direct supervisor of labour.
Advances in technology are thus seen to have reduced the pivotal position
of the traditional supervisor as a managerial agent of labour control.

(b) The Pivotal View

The alternative view that the supervisor may hold a pivotal position
under advanced technologies has also found support among a variety of
writers.”® This section will concentrate on one particular perspective which
links technical developments in the system of production with the
emergence of a ‘technical expert’ or ‘trouble-shooting’ supervisory role.
According to this argument there has been a ‘shift’ in supervisory emphasis
towards technical supervision. The supervisor is seen to hold an
increasingly pivotal position in dealing with technical contingencies and

ensuring that production systems operate effectively.

Writers who adopt this view generally claim that under technically
advanced systems of production, first-line supervisors hold pivotal
positions as technical advisers and trouble shooters. Their central position
stems from their ability to deal with technical contingencies in the daily
operations of the production process. The importance of ‘fire-fighting’ or
dealing with technical contingencies increases as the total production
process becomes more complex and the tolerance for disturbances within

the system is reduced.”
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Woodward, in her study of a hundred manufacturing firms in South-East
Essex, concluded that technical variables played a key role in shaping
organisational structure and supervision. Three general stages in the
development of production technologies were distinguished:

® unitand small batch production
® large batch and mass production
® process production”

Woodward argued that it is possible to identify certain stages in the
development of production systems which are associated with certain
characteristic forms of organisational structure and supervision. Under
unit production, the supervisor is shown to work with operators in small
work groups, autocratic supervision is generally absent, and there is a
relatively high ratio of first-line supervisors to operators.”®> Within large
batch and mass production industries, the supervisor is concerned with
containing conflict and absorbing industrial wunrest, rather than
controlling the work of operators. For example, under assembly-line
production it is claimed that the traditional supervisory function of
directing and monitoring the pace of work is incorporated into the
machinery. In such cases, the supervisor becomes more concerned with
quality control and the various problems associated with worker morale
and absenteeism, rather than labour control.”* Under process production,
Woodward shows how the supervisor is no longer so much concerned with
manning levels and product inspection, but rather, tends to act as a
‘technical adviser’ to ‘responsible workers’.”> The increased complexity of
the production process creates an additional demand for managerial and
supervisory skills:

Not only were there relatively more managers and supervisors in
process industry but they were also better qualified.”

Woodward proposes that with each movement from unit production
towards process production there will be a growth in the command
hierarchy and an increase in the proportion of supervisory personnel to
non-supervisory personnel.”” At the first-line supervisory level a
‘curvilinear’ relationship was shown to exist between types of technology
and span of supervisory control.”® The small spans of control associated
with process and unit production firms indicated the way work was
organised into small primary groups. In unit production firms, line
supervisors tended to be older than their counterparts elsewhere, and their
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knowledge derived from years of practical experience. In contrast, first-
line supervisors in process industries were younger, and their technical
competence derived largely from formal training and the attainment of
qualifications rather than being based on ‘knowledge-through-
experience’.”” Finally, in mass production industries the supervisor’s span
of control was found on average to be far greater than with unit or
continuous-flow production, this was explained as being due to a general
reduction in the area of supervisory discretion and an overall increase in

on-the-job conflict and stress.?°

Woodward’s study argues that there has been a transition in supervisory
emphasis and a change in the supervisor’s span of control under different
production systems. The movement from unit to process production is seen
to represent a shift from labour-oriented to machine-oriented supervision.
The role of the supervisor under process technology is characterised as
being pivotal to the operating system. Moreover, Woodward states that the
degree of variation found among batch and mass production firms can
largely be explained in terms of the predominant control system. Reeves
and Woodward®! claim that those firms in the middle category with
predominantly personal controls will tend to have an organisational
structure similar to those of unit production systems, whilst those with
predominantly impersonal controls will tend to have organisational

structures which resemble those of process industries.??

The relationship between the ‘control system’ (as developed by Reeves and
Woodward) and the role of the supervisor is also discussed by Wedderburn
and Crompton in their analysis of a large chemical complex plant in North
East England.?? This plant consisted of five main, physically separate
works which were managed independently of the main company owning
the site.#® Their analysis showed how the supervisor in works ‘A’ (a
continuous chemical process plant) co-operated closely with operatives and
had a ‘trouble-shooting’ role, in contrast to the more traditional labour-
oriented supervisory roles found in works ‘B’ and ‘C’.%® These differences
are explained in terms of the technology and the system of control. In
short, a unified mechanical control system was found to exist in works ‘A’,
whereas, works ‘B’ and ‘C’ were identified as having fragmented and
impersonal control systems. The tasks which required close supervision in
works ‘B’ and ‘C’ were thus largely controlled by the unified impersonal
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control system in works ‘A’.8¢ Wedderburn and Crompton conclude that:

Whilst some aspects of the role were dictated by the technology
(the hardware of the plant and the recipes in use), others were
dictated by the various systems devised for controlling aspects of
the production tasks....From the viewpoint of the operator and
supervisor, therefore, the important constraints in the work
situation stem both from the production process itself and from
the control system associated with it.87

Therefore, a number of supervisory roles were identified ranging from the
co-operative trouble shooting and technical expert roles of the machine-
oriented supervisor, to the more traditional ‘policing’ role of the labour-
oriented supervisor. The latter were however, found to be more ‘humane’
and ‘democratic’ in their attitudes than their ‘autocratic’ predecessors.
This illustrates how ‘old’ and ‘new’ types of supervisors may co-exist under
different stages in the development of production industries. According to
this view, the emergence of a ‘new type’ of supervisory role does not
therefore necessitate the demise of the “old’.

Woodward’s approach advocates that with the advancement of technology
there will be an increase in the technical complexity of production. Due to
the critical nature of problems associated with emergencies, the supervisor
will hold a key role as technical expert and problem solver. His pivotal
position stems from his ability to deal with production contingencies and

minimise disruptions to the operating system.

This prompts two questions: firstly, why have these two sets of studies
come to such different conclusions? Secondly, what are the implications of
modern computer technologies for the role of the supervisor? The first of

these two questions is examined below.

(c) Pivotal or Peripheral? The Arguments Summarised

In examining the extent to which advances in technology enable
management to incorporate the function of supervision into more
impersonal methods of control, Edwards concentrates on managerial
strategies of labour control. He concludes that the traditional supervisory
function of directing and monitoring the activities of labour can be
eliminated through the introduction of new technologies at the workplace.
Moreover, he suggests that the ability of modern computer systems to
monitor and evaluate work performance may bring about an erosion of the

supervisory tasks of detection, inspection and evaluation.’® It is claimed
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that this may bring in its wake the demise of the traditional function of
supervision:
As with real foremen, these mechanical foremen...are themselves
directed, evaluated and corrected by higher
level...minicomputers that control and direct many processes at

once....Computer technology gives a giant boost to the earlier
methods of technical control.??

This conclusion does not take adequate account of the possibility of a
redefinition of supervision and a shift in supervisory emphasis following
the introduction of new technology. In other words, Edwards tends to view
changes in the role of the supervisor in terms of changes in its traditional
labour control function. Consequently, he neglects the fact that
supervision can be concerned with aspects of production control other than
those associated with labour. Whilst his claim that the traditional function
of supervision has been eroded may be correct, this does not necessarily
indicate that there will not be an important role for the supervisor under

more advanced systems of production.

In contrast, Woodward when examining the role of the supervisor in
different production industries, detected a shift in supervisory emphasis
from being mainly concerned with labour towards machine and process
supervision. A number of supervisory roles were identified, ranging from
the traditional ‘policing’ role through to the ‘technical expert’ and ‘trouble
shooting’ role found in process industries. Although computer technology
was in evidence in some of these advanced systems of production,
Woodward was not able to examine the full implications of computer
technology for the role of the first-line supervisor under less advanced

systems of production.

Both sets of studies argue that the role of the supervisor has changed as a
consequence of technical change. For Edwards, the introduction of new
technologies signal the eventual abolition of traditional supervision.
Whereas for Woodward, a variety of supervisory roles may co-exist under
different stages in the development of production industries. Moreover,
while the former concentrates on changes to the traditional labour control
function of supervision, the latter focuses on changes to the role of the
formally defined first-line supervisor. These conflicting emphases have
thus led to the apparently contradictory conclusions that the role of the
supervisor will either be ‘peripheral’ or ‘pivotal’ to the control of workplace
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operations with advanced technology. These conclusions will be tested
empirically in Part IT of this dissertation.

Within the context of this broader analysis of the general effects of
technical change on the role of the supervisor, the next section examines
the particular connection between computer technology and supervision.
The capacity of this technology to affect organisational structures across
different types of production and service industries suggests that it may
prove more fruitful to treat this technology as a separate and distinct form

of technical change.?®

(iv) Computer Technology and The Role of the Supervisor

At the core of all administrative and managerial activity are two
crucial functions - communication and control - which
themselves depend on the capture, dissemination, interpretation
and utilization of significant pieces of information...In economic
activities its transmission, collection and processing is hardly
less important than the manufacture of goods...until recently
there were no equivalents in information technology for the
power tool, the automatic lathe or complex materials handling
equipment.®!

The importance of the availability of accurate information for effective
production operations has been identified in a number of studies. For
example, Roethlisberger and Dickson show in their classic study how:

Only with the help of accurate information could the foreman act
intelligently.%?

With the growth in the size of industrial enterprises and changes in
technology, more extensive formalised information control systems have
been developed. These control systems, concerned with processing
information (in order to co-ordinate diverse and spatially distant activities)
have been further enhanced following developments in telecommunication
networks, and the converging developments in microelectronic and
computing technology.?? Recent developments have served to reduce the
cost and size of computer information systems whilst improving their
performance and reliability. This has led to the widespread application of
computer based systems which provide ‘real-time’ information on which
‘intelligent’ decisions can be based.?* The significance of these more recent
developments in microelectronics and computer technologies have been
well documented elsewhere and need not be discussed in detail here.?®
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There are however, two essential points worth stressing:

® firstly, that information is a key resource in the control of diverse and
spatially distant production operations
® gsecondly, that comprehensive computer information handling systems

are currently available to organisations

The implications of these developments for the role of the supervisor and

the function of supervision are examined in more detail below.

(a) Computer Technology: The Early Debate

Over the last decade a new technology has begun to take hold in
American business, one so new that its significance is still
difficult to evaluate...The new technology does not yet have a
single established name. We shall call it information technology.
It is composed of several parts. One includes techniques for
processing large amounts of information rapidly, and it is
epitomized by the high-speed computer.%

The debate on the effects of computer technology on middle managerial
and supervisory positions was initiated in the late 1950s. Much of the
debate centred around the issue of whether computer technology would be
used to centralise or decentralise production operations control,®” and the
question of whether the intermediate layer between top management and
the work force would be eroded or enhanced as a consequence of
computerisation.’® Some commentators argued that middle management
would be replaced by computer controlled information systems and that
the role of the supervisor would be reduced to a basic routine monitoring
function.?® Others argued that although the effects of computerisation on
middle management would be small, junior management and supervisory
jobs would tend to become either fully or partially ‘automated’.!?®
Alternatively, it was also argued that certain aspects of the supervisor’s job
(for example, co-ordination and overall understanding of the working and
problems of ground-level operations) would be heightened and his role as

technical problem-solver strengthened.!!

The early studies of Mumford and Banks,'%? and Whisler,!% claimed that
computer technology would lead to: the reduction in the number of clerical
staff; the displacement of departments through increased integration; the
centralisation of control (which would increase the ‘“visibility’ of decisions
made by middle and lower level managerial staff); an erosion of the
supervisor’s skill superiority with the emergence of new computer
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technologists; and a reduction in the span of control of first-line
supervision.!? As Mumford and Banks state:
Department supervisors trained in traditional office routines are
likely to find the new technology hard to understand; they may

find their functions reduced in range and authority and they may
have considerably fewer staff to control.1%°

In contrast, Zalewski suggested that the supervisor could hold a central
position without necessarily being proficient over a range of complex
tasks.!% He claimed that the availability of accurate up-to-date
information could widen the area of responsibility that individual
supervisors had over production. Essentially, they could be concerned with
the co-ordination of diverse efforts in the achievement of a common goal:!%7

Supervision remains essential, but it is the final results rather

than detailed operations that must be supervised in advanced
stages of automation.!08

According to Thurley,!%° and Zalewski,!'% the supervisor could hold a
central position as either a ‘technical adviser’ (if he possessed sufficient
technical skill and knowledge), or a ‘work place co-ordinator’ (if there was a
widening of his area of responsibility) following the introduction of

computer technology.

These early debates raised three points worth emphasising here. Firstly,
that computer technology may enable an organisation to either centralise
or decentralise decision making authority. In other words, computer
technology does not determine organisational structure, rather this is
determined by the way in which the technology is introduced and used.
Secondly, strategies which promote centralisation are likely to erode
supervisory positions as control is removed from the point of production.
Thirdly, strategies which promote decentralisation may either erode or
enhance supervisory positions. For example, it was claimed that if
supervisors were trained in the use of computer technology then they would
generally hold more important positions within the organisation, whereas,
if supervisors were not retrained they would tend to find their functions
reduced and the basis of their authority eroded. These studies therefore
indicate the importance of examining the process by which computer
technology is introduced into organisations in order to explain the outcome

of computerisation on the role of the supervisor.
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The need to examine the way new technology is introduced seems
particularly pertinent in the case of computer technology where there
would appear to be a choice between centralising or decentralising decision
making authority and responsibility. Consequently, in the empirical case
study presented in part II, the introduction of computer technology is
examined in order to provide the necessary context within which a more
detailed investigation of changes in supervision under the new computer-

based operating system may be undertaken.

The following section examines the extent to which the general claims
made during these early debates have been supported by more recent
studies into the effects of computer technology on the role of the supervisor.

(b) The Impact of Computer Technology on the Role of the Supervisor

The computer....can make efficient centralisation possible....or it
can equally make for efficient decentralisation to take place
making available to all locations the appropriate information
required for decisions.!!!

The predominant findings from recent studies indicate that computer
technology is contributing to an erosion of both the labour-oriented
(traditional) and machine-oriented (technical) role of the supervisor.!*? For
example, Rothwell,!!® and Rothwell and Davidson,!!* show that although
computer technology affords the possibility of combining an enhanced
supervisory role with greater functional integration, centralisation and
‘flatter’ hierarchies, the tendency has been to diminish supervisory
responsibility. Rothwell thereby concludes by questioning the need for

first-line supervisors.!1®

The view that computerisation tends to erode the apparent skill
superiority of the supervisor, and reduce supervisory discretion and
autonomy in controlling shopfloor operations, has found considerable
support in the literature.!''® According to Buchanan and Boddy, computer

technology erodes supervisory functions in three ways:

through providing machine pacing of operations
through enabling the automatic capture and analysis of production
performance information

® through undermining the skill superiority of supervisors as operators

gain experience with the new equipment.!!”
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They illustrate how both the ‘man-management’ and ‘technical’ aspects of
the supervisor’s job are displaced under computer-based operating systems,
and like Rothwell, conclude by calling into question the need for first-line

supervision,!'!8

Both sets of studies recognise that the capacity of computer technology to
integrate previously diverse areas of operation could lead to the
enhancement of some supervisory positions.!!? In general, however, their
findings suggest that the role of the first-line supervisor is becoming
peripheral to operating systems as the shopfloor control function of
supervision is incorporated into the machine, devolved to operatives, or

concentrated in management.

(c) Developments in the Role of the First-line Supervisor under Computer-

based Operating Systems

Within the literature, it is possible to identify four broad choices for the
development of the role of the first-line supervisor under computer-aided

production systems. These are as follows:

Reinforce the role of the supervisor as a ‘specialist labour’ role.
The function of labour supervision becomes central in ensuring
the integrity of information fed into the computer at the work
place. For most commentators, this choice would be unlikely,

given the capacity of this technology to direct and monitor
0

production performance!?

Define the supervisor as a ‘technical expert’.

Under computerised production systems where breakdowns lead
to more serious consequences for output, the supervisor could
hold a key role in the maintenance of effective operations!?!

Develop the role of the supervisor into a genuine first-line

managerial role.
Through enhancing decision-making activities following
computerisation and delegating minor disturbance handling to

work groups!??

Abolish the role of the supervisor.
This is the predominant view in the literature, namely, that
first-line supervision is becoming increasingly ‘unnecessary’ in
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the control of operations with the introduction of new computer-

based production systems!??

These points illustrate that there is an element of choice in the
development of first-line supervisory roles following the introduction of
computer technology (the extent to which the role of the first-line railway
freight supervisor corresponds to these options is examined in Chapter 6).
However, as they concentrate primarily on the role of the formal first-line
superuvisor, they fail to take account of changes to the control function of
supervision. In short, they do not address the question of whether changes
in the role of the first-line supervisor can be equated with changes in
supervision more broadly defined (see on this Chapters 3 and 5).

(d) How Computers Affect Supervision

Within the literature, the primary focus has been on the ‘impact’ of
computer technology and how it affects the role of the first-line supervisor,
rather than on how supervisory functions are distributed and re-
distributed across different levels within organisational structures. To this
extent, the general view that computerisation is leading to an erosion of
first-line supervisory roles and that supervision is therefore becoming
peripheral to management control systems should be treated with some

caution.1?4

To illustrate this point it is worth looking in more detail at the case
studies presented by Buchanan and Boddy. They see computerisation as
leading to an erosion of the responsibilities of first-line supervisors,
especially where supervisory tasks are being incorporated into the machine
or carried out by more ‘autonomous’ operatives. In one of their case studies
Buchanan and Boddy researched two computerised process plants owned by
the same company and situated on the same site. It was observed that
computerisation eroded the role of the first-line supervisor and enabled
operators to have more autonomy, and in one plant the role of supervisor

was abolished altogether.?5

However, the authors note (although do not attribute as much
significance to) a number of other changes. For example, in the plant
where the first-line supervisors’ roles were abolished, supervisory tasks
were still apparently being carried out by individuals not formally defined
as supervisors, namely, the plant manager and shift chemist. These

individuals were identified as standing in a ‘supervisory relationship’ to
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the operatives.!?6 Moreover, in the other computerised plant the supervisor
was identified as holding an important role in dealing with technical
contingencies during frequent plant breakdowns (despite an increase in the

responsibility and discretion exercised by operatives).

Thus, whilst Buchanan and Boddy’s data may indicate that computer
technology is posing fundamental questions about the need for first-line
supervisors, such evidence should not be interpreted as indicating an
erosion of the supervisory function itself. Rather it can be argued that the
emergence of operative and management roles involving a supervisory
element, indicate that computerisation involves a far more complex
redefinition of the supervisory function than is implied by simply pointing
to the apparent erosion of the role of the formally defined first-line

supervisor.

In order to better understand the outcome of computerisation on the
supervisory function, it is essential that supervision is not conceptualised
exclusively in terms of either the role of the first-line supervisor or the
traditional function of first-line supervision. A broader conception of
supervision is required, which will take account of changes in the
distribution of supervisory tasks across various levels within the
organisational structure. In the next chapter a broader conception of
supervision is formulated, and following Thurley,!?” and Thurley and
Wirdenius,'?® the concept of ‘supervisory system of control’ is utilised and

developed.

(v) Conclusion

Apart from indicating the need for a broader conception of supervision,
this chapter has detailed the complex changes which have occurred to the
role of the first-line supervisor. Through providing an historical outline of
the emergence and evolution of the position of supervisor, two broad types
of first-line supervisory roles were characterised, namely, the traditional
labour-oriented and the new machine-oriented supervisory roles. These
are intended to represent two general types at each end of a continuum of
supervisory positions found within organisations (as such, they serve as a
‘benchmark’ in the case study presented in part II). Furthermore, this
chapter has demonstrated how a variety of supervisory roles have emerged
ranging from the traditional ‘labour master’ and ‘man-management’ role,
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to the ‘technical expert’ and ‘fire-fighting’ role found within more

technically complex operating systems.

In examining the effects of technical change on the role of the supervisor,
it was shown how debates within the literature have tended to focus on
these two general types of supervisory roles. These studies conclude that
the technical supervisor holds a pivotal position under advanced systems of
production, whereas the traditional labour control function of supervision
is becoming peripheral following its incorporation into more impersonal

methods of control.

More recent studies into the effects of computer technology on the role of
the supervisor were shown to call into question the need for first-line ‘man-
management’ and ‘technical’ supervision. These studies support many of
the claims made during the ‘early debate’ on the implications of computer
technology for supervision. There are three main characteristics of
computer technology which lend support to the predominant view that the
role of the first-line supervisor is becoming peripheral to production
control. Firstly, it enables the centralisation of management control and
reduces the discretion and autonomy previously exercised by supervisors.
Secondly, it encourages the formation of semi-autonomous work groups and
erodes the skill superiority of supervisors. Thirdly, it incorporates into the
machinery traditional supervisory control responsibilities of directing,
monitoring and evaluating staff. In other words, as a result of
computerisation the shop floor control function of first-line supervision can
be concentrated in management, incorporated into the machine, or

devolved to operatives.

These studies nevertheless indicated that computer technology did not
determine the outcome of change for first-line supervision, rather, this was
determined by the way in which the technology was introduced and used
within an organisation. It was thus shown that although the capacity of
computer technology to integrate previously diverse areas of operation
could lead to the erosion of some supervisory positions, it could equally lead
to the enhancement of others. This indicates the importance of examining
not only the outcome of computerisation on supervision, but also the
process by which computers are introduced into organisations. With this
aim in mind, the next chapter develops a framework for analysing the
process of computerisation. In Chapter 4, this framework is applied to an
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examination of the introduction of a computerised system of freight

information control in British Rail.

In the final section of this chapter it was argued that in order to
understand the outcome of computerisation on supervision, it is essential
that supervision is not conceptualised in terms of the role of the formally
defined first-line supervisor. In short, supervision needs to be
reconceptualised to take account of the variety of supervisory tasks and
their distribution within ‘supervisory systems of control’, if meaningful
statements are to be made about the effects of computer technology on the
function of supervision. In the second section of the next chapter, such a
framework is developed and later utilised in an empirical examination of

the effects of computer technology on marshalling yard supervison.
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Chapter 3. Computer Technology and Supervision: An
Analytical and Conceptual Framework.

(1) Introduction

In Chapter 2, attention was focused on the role of the formal first-line
supervisor. It was suggested that computerisation is likely to resultin a far
more complex redefinition of supervision than is implied by the apparent
erosion of the role of the first-line supervisor. The corollary of this was that
a more differentiated conceptual framework is required for the purpose of
identifying and defining supervisory positions to enable an improved
appreciation of the relationship between computer technology and
supervision. The previous chapter also demonstrated how computer
technology could be used to enhance the role of the first-line supervisor,
and how managements’ tendency to pursue strategies of centralisation was
a key factor contributing to the erosion of first-line supervision. This
indicated the importance of examining not only the outcome of
computerisation on supervision, but also the process by which supervision
is redefined. This chapter therefore sets out to provide an analytical
framework for examining the process of computerisation, and a conceptual
framework for examining the effects of computer technology on

supervision.

The first section identifies and examines the various ‘stages’ of change
associated with the introduction of computer technology. The combination
of a number of analytically distinct ‘stages’ are used to represent the
process of computerisation from the initial decision to invest in computer
technology through to the routine operation of a stable system. At each
‘stage’, the main factors identified within the literature as influencing the
process of computerisation are briefly discussed. This analytical
framework is then employed in Chapter 4, which examines the extent to
which various ‘external’ and ‘internal’ factors shaped the process of

computerisation within British Rail.

The remaining sections focus far more exclusively on the definitional
problems which surround the concept of supervision. A broader conception
of supervision is formulated in order to take into account the variety of
supervisory tasks, status levels, and job titles of individuals who are
directly engaged in the continuous control of an operating (or production)

system. This framework is then employed in part II in an empirical
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examination of changes to the ‘supervisory system of control’ and to
individual supervisory roles in British Rail marshalling yards.

(ii) Analysing the Introduction of Computer Technology

A complex array of factors have been identified within the literature as
influencing the process of innovation within organisations.! These range
from external influences such as, changes in business market activity, and
government policies, to various internal factors which may enable or
constrain the process of change such as, the nature of the operating system,
and managements’ implementation strategies.? Furthermore, the degree
to which these various factors combine to influence the process of
computerisation has been shown to vary between organisations.? The main
objective of this section is to provide an analytical framework within which
it is possible to examine empirically the importance of these factors in
shaping the various ‘stages’ associated with the process of computerisation.
The extent to which these various factors influenced the process of

computerisation in British Rail is examined in Chapter 4.

For analytical purposes, it is useful to distinguish between various
discrete ‘stages’ of computerisation. By so doing, it is then possible to
identify factors which influence the process of change from the initial
decision to introduce computer technology through to the routine operation
of a stabilised system.* With this aim in mind, four ‘stages’ associated with
the introduction of computer technology have been identified, these
comprise:
the decision to introduce computer technology

the choice and design of computer systems
implementation and initial operation of the computer system

routine operation of the computer system

It is important to stress that these stages are treated separately for
analytical reasons and often overlap in practice. Futhermore, it should be
noted that factors which shape each stage in the process of change are also
factors which influence the eventual ‘outcome’ of computerisation. With
these caveats in mind, the four stages outlined above provide a useful
framework within which to analyse the introduction of computer

technology.
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(a) The Decision to Computerise

The decision to introduce computer technology is normally taken at a
senior management level. These types of decision are referred to by Child
as ‘strategic decisions’ and are often responses to the internal
characteristics of the organisation and the external characteristics of the
organisation’s business market.® A number of strategic objectives have
been identified within the literature as influencing managements’ decision

to introduce computer technology.? These include:

® business market objectives
® operating cost objectives

@ product quality objectives

® operating control objectives

Each of these four strategic objectives are briefly discussed prior to an

examination of the choice and design of computer systems.

Computer technology offers several possibilities for increasing an
organisation’s ability to adapt to changing market conditions. For
example, the flexibility of computer programmed equipment may permit
the modification and redesign of production without necessitating major
structural alterations to the operating system. Alternatively, computer
technology may enable a more effective utilisation of existing resources
and increase operating efficiency while reducing overall operating costs,
and thereby improve an organisation’s business market position. Such an
objective is achievable in cases where computer systems provide rapid
access to accurate up-to-date information on the disposition of resources.”

Apart from reducing operating costs through the more efficient
utilisation of material resources, savings may also be made by reducing the
total number of jobs required in the production of a given good or service.?
Furthermore, computer technology may be wused to eliminate
managements’ dependence on ‘in-house’ labour by transferring the use of

labour from an employment to a contracting-out basis.?

Improvement in the quality of products or services may also be an
important strategic objective behind managements’ decision to introduce
computer technology, particularly in service industries where there may be
little to differentiate between competing services.!® Buchanan and Boddy
provide four case study examples which illustrate how computer
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technology is often introduced for the purpose of improving product
congistency and quality.!! Finally, computer technology may be used to
improve operational control through providing rapid access of information

and integrating previously diverse areas of operation.!?

(b) The Choice and Design of Computer Systems

The choice of which system is to be implemented is usually made at senior
management level,!® whereas the design of the system (the ‘apparatus’)!4
often reflects the values and assumptions of systems analysts.!'® In the
introduction of computer technology, choices have to be made about
‘hardware’ configurations, and ‘software’ architecture.!® The former refers
to the various physical units which make up a computer system, which
includes the central processing unit and its ‘peripheral’ artifacts, such as:
keyboards; other processors; magnetic storage devices; line printers;
facsimile machines; and Visual Display Units (VDUs), whereas the latter
is the collective name used to describe a combination of computer
programs. In addition, choices have to be made with regard to the
operating system, that is, on the organisation of work in the day-to-day

operation of the computer system.!”

Wilkinson has described the decision on the type of operating system as
being a ‘social choice’ between either enhancing the existing skills and
experience of operatives, or using computer technology as a means of
degrading jobs and increasing management’s control over the labour
process:

The choice, it was clear, was essentially a social one between
shopfloor control over production or office control, and it is worth
repeating the quote from the production engineer who summed
up the options: “The firm has to go one of two ways. We can either

retain skill on the shopfloor and have manual data ingput, or
transfer skill into here with more tape control machines’.!

Thus, management’s strategic decision on the choice and the design of the
operating system reflect certain ‘social choices’, as well as ‘technical
choices’ on the applicability of various computer systems to managements’
strategic objectives. Moreover, these choices may also reflect certain
external considerations, such as for example, governmental pressure to buy

British computer systems.
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(c) Implementation and Initial Operation

The implementation and initial operation of computer systems has been
identified as an important ‘negotiating’ stage during the introduction of
new computer-based technologies.!® Buchanan has noted that while the
pursuit of ‘strategic’ and ‘operating’ objectives tend to influence investment
decisions, the pursuit of ‘control’ objectives ‘influences the effect of
technical change on the organisation of work, operation, skills, and
performance.’?® It is at this stage that occupational and employee concerns
normally begin to influence the process of computerisation. For example,
Edwards has suggested that resistance to the imposition of managements’
implementation strategies can transform the workplace into a ‘contested
terrain’ of political dissension and control.?! However, these internal
conflicts may not simply be a manifestation of workers’ resistance to
management, but rather, they may represent a complex political struggle
between various occupational groups (managerial, supervisory, and
operative) with differing vested interests. Moreover, the mobilisation of
certain key occupational groups may be an essential prerequisite to the
success of managements’ implementation strategies. For example, Weir
and Mills claim that supervisors often play an important role during the
implementation and initial operation of computer systems:

Although the firms differed widely in their products, staff
employment and type of computer system, they all suffered
considerable difficulties during the implementation process. One
source of these difficulties, in our view, was that the potential of

the supervisor to act as a ‘change catalyst’ was never adequately
understood.??

Clearly, the effects of computer technology on work organisation is
dependent not only on the objectives, assumptions and values of those who
make decisions about its use in organisations, but also on processes of
social choice and political negotiation between organisational factions
during the implementation and initial operation of computer-based
operating systems. Consequently, a critical stage in the introduction of
computer technology is the design by management of implementation

strategies.?’

Several recent empirical studies carried out by the New Technology
Research Group have highlighted the importance of managements’
implementation strategies as being a major determinant of the successful
introduction of new technology.?* These studies illustrate how the

57



applicability of particular strategies (ranging along a continuum from
‘authoritarian’ to ‘consultative’ and ‘participative’ approaches), vary
beween organisations.?® Furthermore, they also emphasise the importance
of project management, the training and education of employees, and
industrial relations considerations at this stage during the introduction of

new technology (see on this point, Chapter 4).26

During the initial operation of computer-based operating systems a
number of new developments or contingencies may arise which would
compromise the ‘success’ of management’s implementation strategy. For
example, unanticipated technical problems may undermine the usefulness
of the system in its replacement of traditional methods. As a result, this
may cause conflict and confusion among staff and management, and
threaten the establishment of new working relationships. Alternatively, if
employees actively adapt and modify working practices around systems
which have not been adequately ‘debugged’, then management may find it
difficult to implement further changes. This point has been illustrated in
Wilkinson’s study of a plating company in which he notes that:

...in having to remedy the mistakes made by the new system
until it was ‘debugged’ by frequent use of the manual override -
workers have at the same time been establishing working
practices. Now that the technical problems have been ironed out,
management feel they are in a position to use the new system as
originally intended. However, working practices are now to

some extent ‘institutionalised’, and management are finding
great difficulty changing them.?’

Under the intitial operation of the system, employees may therefore
adapt, modify, resist and redefine their positions under new operating
procedures and working relationships set-up by management during

system implementation.

(d) Routine Operation

The routine operation of a computer system is taken to refer to a
relatively stabilised system in which the major social, political, and
technical problems have been ironed out. At this stage during the process
of computerisation, new forms of working practices have emerged and new
patterns of established relationships are in operation. Therefore, the
‘outcomes’ of change can be examined and contrasted with the operating
system prior to computerisation. Although in reality it is unrealistic to
talk of any ‘end-point’ of change (as the process continues ad infinitum) it
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does make sense to talk of the ‘effects’ of a particular type of change. In the
case of computer technology, it is possible to identify a period at some stage
after final ‘cut-over’ when the day-to-day working of the computer system
becomes a matter of routine. Under the routine operation of computer
technology, it is possible to examine the outcomes of computerisation on
organisational structures and traditional operating practices.

(e) The Process and OQutcome of Computerisation

The process of computerisation is taken to refer to the complex sequence of
events which occur from the initial decision to invest in computer
technology through to the routine operation of a computer-aided operating
system. The outcome of computerisation refers to changes in
organisational structures and practices which can be identified from
comparing the operating system prior to computerisation with the longer
term effects of computerisation under routine operation. This emphasis
contrasts with many recent studies which have tended to focus on the
initial operation of computer technology, rather than on the effects of

computer technology under routine operation.

The analytical framework developed above is employed in Chapter 4 in an
examination of the introduction of a computerised freight information
system in British Rail. In Chapters 5, 6 and 7 a more detailed examination
of the effects of computer technology on marshalling yard supervision is
undertaken. The remainder of this chapter sets out to conceptualise
supervision in a way which enables its utilisation in the examination of the

effects of computerisation.

(iii) Conceptualising Supervision

This section develops a conceptual framework for examining supervision
which comprises: a working definition of supervision; an identification and
definition of the range and types of various supervisory positions; an
explanation of the concept of a ‘supervisory system of control’ and
‘supervisory span of control’. Finally, it is argued that changes to
supervision would be better understood in relation to changes in work
organisation and management control. This point is supported by
reference to the previous chapter and a consideration of the implications of

computer technology for supervision.
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(a) The Concept of Supervision

A major difficulty in trying to present a “universal’ concept of supervision
stems from the variety of situations in which individuals can be identified
as holding a ‘supervisory relationship’ within an operating system. In
order to take into account the variety of supervisory tasks, status levels,
and job titles which may exist within the supervisory genre, the term
‘supervision’ needs to be very broadly conceived. Direct control of
workplace operations is a useful starting point as it locates supervision
within the context of overall control of workplace operations.

The supervisory control functions which may be identified and

differentiated at the workplace are:

® planning and directing workplace operations
® monitoring and evaluating workplace operations
® correcting and adapting workplace operations

However, these three functions of direction, appraisal, and regulation may
be achieved through a number of differing ‘personal’ and ‘impersonal’
methods of control. In the previous chapter it was shown how both Reeves
and Woodward,?® and Edwards,?® have developed a fourfold categorisation
of control systems based on the degree to which systems of control were
either integrated or fragmented, and the degree to which control was either
exercised personally or impersonally. Put simply, the supervisory control
elements outlined above may be distributed and incorporated into other
methods of controlling shopfloor operations. Three examples previously
discussed are: firstly, through incorporating elements of control into the
actual machinery of production; secondly, through administrative or
bureaucratic means by formulating a comprehensive series of operating
rules and procedures; and thirdly, through the formation of ‘self-
supervising’ autonomous work groups ( in the sense of having control over

their own job tasks).

If supervision is thus conceptualised, it is then possible to discuss the
ways in which day-to-day control functions have been redistributed with
the introduction of computer technology. It allows for the possibility of the
redefinition of the control function of supervision under computer-aided
production systems, for example, from being primarily concerned with the
activities of labour, or machine and process supervision, to being concerned
with a far wider area of production operations control. Alternatively, it is
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possible to envisage a situation where the role of the supervisor is abolished
altogether through the development of fully automated production
systems. In such a case, although the supervisory control elements would
remain important, they would no longer be carried out by individuals who
could be identified and defined as ‘supervisors’, for the control function of
supervision would be wholly incorporated into the machinery of production.

(b) Supervision and Span of Control

The concept of ‘supervisory span of control’ has generally been used to
refer to the ratio of subordinates to superordinate at each particular level of
a ‘supervisory hierarchy of control’.?® The major limitation of examining
changes in span of control in terms of the changing number of operatives
responsible to a particular supervisory level, is that it tends to focus
attention on the labour control function of supervision.?! Therefore, while
this concept may be adequate for examining changes in the role of the
traditional supervisor, it is not a particularly useful method for analysing
changes in the control function of supervision. It should be noted however,
that the studies of Woodward, and Wedderburn and Crompton, used this
conventional concept even though a range of supervisory roles were
identified, and the importance of ‘technical’ (machine-oriented) supervision

under advanced systems of production was stressed.??

Nevertheless, as the previous chapter demonstrated, it is clearly
inadequate to gauge changes in supervision against an anachronistic
perception of the function of supervisory control. Therefore it is argued
here, that the term ‘supervisory span of control’ is used in a broader sense
to refer not only to the control of labour, but also to the control of numerous
other factors of production, such as, materials, machinery and information.
Henceforth, this concept is used to refer to the discrete area of operations
under the supervisor’s direct control in the production of a good or service.
Moreover, by using this wider conception of control, it is possible to
envisage a situation where a reduction in the control of one element (for
example, labour supervision) is more than offset by an extension in control
of other aspects of production (for example, process or machine
supervision), leading to an overall expansion of supervisory control. In
other words, this concept allows for the possibility of a redefinition of
supervision in which the role of the supervisor is eroded, enhanced, or
simply redefined as involving another aspect of production control.

Furthermore, while aspects of some individual roles may be eroded or
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replaced, others may be created or enhanced. Through using this concept it
is now possible to examine both changes in the span of control of
supervision and changes in the control function of individual supervisory
roles (in part II it is shown how changes to individual roles do not always

equate with changesin supervision).

Although this concept is useful in directing attention towards other
elements of supervisory control, its primary use is in the analysis of overall
changes in the control function of supervision. Consequently, while it
accounts for changes in the supervisor’s span of control, it does not provide
a framework for detailing shifts in supervisory emphasis. In the next

section, such a framework is developed.

(c) Supervisory Control Functions

It has already been noted that one common characteristic of supervisory
positions across industries is that they are all to some extent responsible
for the direct control of workplace operations. However, for the purpose of
analysing shifts in supervisory emphasis a less general categorisation of
the function of supervisory control is useful. With this aim in mind, it is
argued here that the control function of supervision will normally consist of
various combinations of the four broad elements of labour, product,
material resources and machine control.?® These four general types of

supervisory control function are outlined below.

Labour control function: the main purpose of supervision is to direct,
monitor and regulate the work of labour at the workplace. Traditional
labour control functions would involve: directing the work of labour;
monitoring and evaluating the performance of labour; and disciplining the
non-compliance of labour. However, the labour control function described
here is also taken to include dealing with human contingencies, such as,
accidents to staff and staff absenteeism, in addition to other labour
management tasks such as, the allocation of work and staff grievances.

Product control function: the main emphasis of supervision is on the
‘product’ of the operating system. Supervisors may concentrate on one or
more of the following: the production methods employed by operatives; the
use of materials and the costs of production; and the quality of the good or
service produced. A key supervisory task in ensuring standardised
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methods, control of costs, and the maintenance of quality, is that of

inspection.

Resource control function: the main purpose of supervision is to control and
co-ordinate material resources in the production of a good or service. A key
supervisory task is to ease bottlenecks and prevent material shortages.
Supervisors are essentially concerned with ensuring the efficiency of
operations through the direction, appraisal and regulation of material

resources in the direct control of an operating system.

Machine control function: the main emphasis of supervision is on the
maintenance of the technical system of production. Ensuring that plant
and equipment are maintained, and dealing with technical contingencies
as and when they arise are important supervisory tasks. Supervisors
working under this machine-oriented operating system normally require
extensive technical skill and knowledge. Thus, supervision is primarily
concerned with monitoring the machine elements of production, rather
than controlling the pace of work and levels of worker effort.

The conceptual framework developed above offers a broader conception of
supervision from which the general effects of a change in technology on
supervision can be analysed. Through using this categorisation, it is
possible to demonstrate shifts in supervisory emphasis under differing
technical and computer-based operating systems. For example, if this
framework is incorporated into Woodward’s analysis (see Chapter 2), then
the general shift in supervisory emphasis (rather than changes to
particular first-line supervisory roles) could be described as a movement
from a labour control function under unit and small batch production, to a
product control function under large batch and mass production, and
finally, to a machine control function under process production.?* However,
it should be noted that the main emphasis of the control function of
supervision need not necessarily equate with the main job tasks of
individual supervisory positions. On the contrary, it is possible to envisage
a situation where the main function of supervision is to control material
resources and yet, the main job task of the supervisor is to deal with

equipment failures or shortages of staff.

In common with other research, it is argued that the actual tasks which
supervisors perform are neither ‘universal’ nor ‘static’, rather, they vary

across organisations and over time. Therefore, an analysis of supervisory
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tasks can only be accomplished by a detailed examination of the job of the
supervisor at his or her place of work (the job tasks of railway freight
supervisors are analysed in Chapters 6 and 7). For this reason, no attempt
is made to provide a list of common types of supervisory tasks (the problem
of identifying the supervisor on the basis of job tasks is discussed in more

detail in the next section).

A central argument of this chapter is that the supervisory function is in
fact dispersed across several organisational levels, and therefore that it is
misleading to focus on the pure role of the first-line supervisor. The
following section sets out the criteria by which supervisors can be
identified and their positions defined within organisations.

(iv) The Supervisor

(a) Identifying and Defining Supervisory Positions

Within the literature, a common method of identifying supervisors is on
the basis of their formal job titles.3® The most consistent title used to
describe what is conventionally referred to as the first-line supervisor is
that of foreman’ and ‘forewoman’.?¢ However, the National Institute of
Industrial Psychology (NIIP),%” and Thurley and Wirdenius,?8 indicate that
there are a number of problems associated with identifying supervisors
according to their job title. The NIIP, for example, note a number of cases
where individuals with the title of ‘foreman’ are not located at the formal
first-line supervisory level.?® The claim that foremen may not hold
comparable positions within the organisation structure in different
production environments has found considerable support within the

literature.%0

Another major problem with this method is that the control function of
supervision may also be the concern of a number of individuals each
holding one of a range of differing job titles. As Thurley and Wirdenius

state:

It is not very satisfactory to mark out a supervisor by his job title.
Most industries have traditional titles which they use for
particular jobs and these terms are not interchangeable between
industries.*!

Another possible method of identifying supervisory positions both across
and within particular organisations is by job tasks. However, any attempt
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to identify supervisors according to common job tasks is fraught with
difficulties. Thurley and Hamblin in their study of the job of the first-line
supervisor found that the tasks and problems dealt with by supervisors
varied considerably, even between different sections or departments of the
same firm.*? Supervisors were found to carry out any number of a hundred
or more managerial and technical tasks. As Thurley and Wirdenius noted:

A supervisor’s job appears to be a type of empty box to be filled
with activities and tasks according to the particular situation.*3

In order to overcome this problem, it is argued that the broader
conception of supervision outlined in the previous section can be used to
define supervisory positions. Individuals may then be identified as holding
a supervisory relationship according to the criterion that they participate
in the direct control of workplace operations. This criterion also allows for
the considerable variation in the job titles and tasks associated with such
positions. Finally, it is claimed that in practice, the control function of
supervision is likely be distributed across a network of interrelated roles,
each with different supervisory elements and relationships. It is therefore
suggested that the additional criterion of ‘authoritativeness’ should also be
employed for the purpose of identifying and differentiating supervisory

roles.

Identifying supervisors on the basis of the authority and status afforded
to them by management is a useful method of locating and defining ‘formal
supervisory positions’. However, this method does not take account of what
can be termed as ‘informal supervisory positions’, which would be occupied
by those individuals who are not recognised or formally defined by
management as holding ‘supervisory’ jobs. As Etzioni has illustrated,
whether one holds a position of power and authority over operatives is not
solely determined by the location of that person within a formalised

organisational command structure.** Etzioni makes a threefold distinction

between:

® officers: referring to individuals who hold formal positions of power and
depend on that power for maintaining a working relationship with their

subordinates
® informal leaders: referring to individuals who are deprived of any
formal organisational power and whose position is determined only by

the consensus of their followers
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® formal leaders: referring to individuals who combine organisational

authority with personal influence*®

This distinction suggests that it is possible to identify individuals who hold
a position of authority over fellow operatives without being accredited
authority by management. In other words, it may be that the influence
which an individual has over a work group, partly derives from, or even
depends upon them not holding a ‘“formal’ supervisory position.
Consequently, a major problem with identifying supervisors on the basis of
their position within a hierarchical command structure is that it does not
take into account the fact that the authority afforded to individuals by
management may not coincide with the authority vested in an individual
by his work group. It is therefore argued that supervisors can more
usefully be identified and differentiated according to the extent of their
authority (and hence status) accredited by management and/or operatives.
Consequently, in Part I, railway freight supervisors are not identified by
their job titles, but rather, according to the criteria that:

® they are in direct control of workplace operations
® authority is invested in their position by management and/or the

workforce

(b) Levels and Types of Supervisory Positions

Individuals who can be identified as ‘supervisors’ may occupy one of a
number of differing ‘levels’ and ‘types’ of supervisory positions both across
and within particular organisations. These range along a continuum from
‘mixed’ managerial-supervisory roles (situated at the apex of the
supervisory hierarchy of control) through to ‘mixed’ supervisory-operative
roles (situated at the bottom of the supervisory hierarchy of control). These
levels and types of supervisory positions are illustrated in Figure 1 (page
68).

The actual number of supervisory levels varies considerably between and
within organisations.*® For practical reasons, many commentators who
identify a hierarchy of supervisory roles employ a four-level
classification.*”  According to the National Institute of Industrial
Psychology (NIIP), the four-level conception has proven to be ‘the most
convenient and workable’.*® This claim is supported by the empirical case
study presented in part II, which makes use of a modified version of the

original classification developed by the NIIP.4?
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In the fourfold categorisation of levels of supervision outlined below, a
distinction is made between the ‘pure’ and ‘mixed’ type of supervisory role.
This should not be taken too literally, because in general, nearly all
supervisory roles involve differing combinations of various clerical,
supervisory, operative and managerial type tasks. The term ‘pure’
supervisory role is simply used to denote that one or more of the
supervisory tasks associated with the direct control of workplace
operations are the principal concern (rather than the only task) of a given

position within the organisation.?®

This formulation of types of supervisory roles derives from, and is a
modification of the original distinction made by Thurley and Wirdenius.5?!
They differentiate between: a ‘pure’ role concerned with the direct control
of production and formally recognised as ‘supervisory’; a ‘mixed’
supervisory/management role, such as where the status may formally be
that of a ‘supervisor’ but the work involved is more specialised; and a
‘mixed’ supervisory/worker role, such as where an operative may be

informally recognised as carrying out supervisory tasks.??

The framework of levels and types of supervisory roles employed
throughout the remaining body of the text are outlined below (see also,

Figure 1).

Level 1: The Working Supervisor: individuals who occupy this ‘mixed’
supervisory-operative position may be referred to as: ‘head worker’,
‘ganger’; ‘leading hand’, et cetera. Essentially, this category covers
operatives with some specific responsibility and recognised authority over
the activities of a work group of which he or she is a member.

Level 2: The Deputy Supervisor: this category consists of individuals with
responsibility for controlling workplace operations over a small section of
their own, and/or who act as a deputy/assistant to Level 3 supervisors (first-
line supervisors). This may be a ‘mixed’ or ‘pure’ type of supervisory role
depending on the size of the supervisory hierarchy and the degree to which
the individual is engaged in one or more of the tasks associated with

overseeing and controlling workplace operations. Possible job titles of
individuals holding this position are: ‘section supervisor’, ‘deputy

supervisor’; ‘assistant foreman’; junior foreman’, and so forth.
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Figure 1: Supervisory Hierarchy of Control
Management
A
‘Mixed’ Role Senior Supervisor
First-line Supervisor
‘Pure’ Role
Deputy Supervisor
‘Mixed’ Role Working Supervisor
Degree of
M ial .
Coarﬁ;fle ra Operatives
Responsibility

Level 3: The First-line Supervisor: this category includes traditional first-

line supervisory positions with titles such as ‘foreman’ and ‘forewoman’. It
also incorporates the whole range of formally defined first-line supervisory
positions, including machine-oriented first-line supervisory roles found in
more technically complex operating systems. This level constitutes a
‘pure’ type of supervisory role in so far as the individuals who occupy this
position are directly involved in the control of workplace operations. It is
also worth noting that people located at this level tend to be regarded by
management and the workforce as the immediate ‘boss’ of the work group,

and are often described as such in grievance and disciplinary procedures.
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Level 4: The Senior Supervisor: this category covers managers who are to

varying degrees regularly and directly involved in planning, monitoring,
evaluating, and regulating workplace operations. This type of supervisor
can usually be identified in large organisations under a wide range of job
titles, for example: manager; assistant manager; department head;
superintendents; senior foreman, et cetera. They occupy a ‘mixed’
managerial supervisory role with direct responsibility for controlling
operations over a whole shop or discrete operating area. Considerable
authority and responsibility is usually accredited to senior supervisors and
they would normally have level 3 supervisors subordinate to them. Senior
supervisors are also likely to liaise directly with higher management.

This strata of supervisory roles is situated at the interface of management
and the workforce. They consititute a ‘structure of supervision’ and form a
distinct part of a management control structure in the direct control of
workplace operations. It is argued here that this structure of supervision
will take the form of a ‘supervisory hierarchy of control’. It is composed of a
number of different levels which can be distinguished according to their
location within an authority and status structure, and according to the
degree to which they participate in the function of supervision.

In practice, it is often difficult to identify and define the upper and lower
edge of the supervisory hierarchy of control. The study of supervision
undertaken by the NIIP noted this point in stating that:

It is not easy to define either the upper or the lower limit of the
supervisory strata in the pyramid of control. At the lower level
there may be the Leading Hand or Working Chargeman, with
some supervisory responsibility but remaining primarily an
operative at the bench or machine. At the upper limit, there may
be the Shop Superindendent, with responsibilities and powers

closely agsproaching if they do not overlap, those of the
manager.

For practical purposes, individuals who occupy ‘mixed’ supervisory-
operative positions can be identified and defined as ‘working supervisors’
according to the criteria that: firstly, they are afforded authority by the
work group or management and hence, are of higher status than
operatives; and secondly, that they regularly participate in the function of

supervision.

Individuals who occupy ‘mixed’ managerial-supervisory roles may be

identified and defined as ‘senior supervisors’ according to the same criteria.
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They can be identified as a distinct part of the management control
structure on the basis that they are directly involved in the day-to-day
control problems of an operating system. In other words, senior supervisors
are essentially members of a structure of control situated at the point of
contact of the physical work of production. As Betts phrased it:
Supervision implies operating at close range by actually
overseeing or controlling on the shop floor, dealing with
situations on the spot as they arise, whereas management

implies controlling remotely by using other administrative
means.%*

Through using these criteria and the framework of levels and types of
supervisory roles, a broader conception of supervision (which goes beyond
the role of the formal first-line supervisor) can now be employed in
analysing the internal characteristics of supervisory structures within
organisations. Consequently, it is no longer necessary to be solely directed
by common sense formulations of job titles and definitions of supervision.
A good example of the problems of nomenclature and supervision is
provided by Kelly when he describes the changes in the methods of
organisation and supervision at the Glacier Metal Company.?® He points
out how Glacier, by abolishing the role of the foreman and creating the
position of section manager, merely brought about ‘a semantic
transformation rather than an actual organisational change’ 5

In order to prevent this occuring in the empirical case study in Part IT, the
framework developed in this section will be employed. This will make it

possible to:

e identify and define the range of supervisory roles between management
and the workforce
® locate these supervisory roles at a particular level within a structure of

supervision

The various supervisory roles which constitute a structure of supervision
do not work in isolation from each other as this ‘static’ model might
suggest, rather, they form part of what Thurley and Hamblin define as a

‘supervisory system of control’.®”

(v) The Supervisory System

In examining the implications of computer technology for supervision it is

important to consider the changing relationships between supervisors, as
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well as changes to individual supervisory roles. Furthermore, any analysis
of changes in the distribution of control across supervisory levels also needs
to be set in the context of changes to work organisation and to wider
systems of management control. In this section, the concept of ‘supervisory
system of control’ is explained, and the implications of computer technology
for supervision, work organisation and management control are briefly

summarised.

(a) The Supervisory System

The term ‘system of supervision’ is used by Thurley and Wirdenius to
refer to a set of interacting supervisory roles which are directly involved
with the daily variations and problems of a production system.58 This set of
interacting roles are performed by various individuals who make up a
structure of supervision, that is, the combination of levels from senior

supervisor through to working supervisor.

Individuals may be identified as belonging to a supervisory system in
cases where there is either worker or managerial recognition of authority;
where the individual is in control of some aspects of the day-to-day
operations of production; and where there is a certain degree of supervisory
interdependence between the various levels which constitute a structure of
supervision. In large organisations however, the boundaries of what
actually might comprise the supervisory system may become difficult to
discern. On this point Thurley and Wirdenius state:

The only practical answer to this problem is to say that where the
system of roles is formally and informally recognised as dealing
with a discrete area of control responsibility and where the
supervisors themselves are actually working together on

common problems, then it is not misleading to refer to a distinct
supervisory system.5®

An illustrative example of a supervisory system is shown in Figure 2.
The differing levels and types of supervisory positions identified and
defined earlier in this chapter are combined with the supervisor’s span of
control. In the example given, the supervisory system is taken to represent
a network of interrelated roles each with different supervisory elements
and relationships. It should however be noted, that the ‘dynamics’ of
supervisory systems (for example, the daily interaction of supervisors in
dealing with common operating problems) cannot be realistically detailed
in abstraction from the organisational settings in which they are located
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Figure 2: An Illustrative Example of a Supervisory System of Control
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(on this, see Chapter 5 which examines the effects of computerisation on
supervisory systems in British Rail marshalling yards). Finally, it is worth
emphasising that in the context of examining changes to supervision, it is
important to consider both changes to the supervisory system as a whole,
and changes to the individual roles which constitute that system.

(b) The Supervisory System, Work Organisation and Management Control

Supervisors are ‘managers’ concerned with the direct control of workplace
operations. In many situations, supervisors who operate at different levels
within the organisational structure work together in solving operating
problems which affect them all. In such cases, supervisors may be said to
form part of a supervisory system. Moreover, as the supervisory system is
by definition located between management and the workforce(see Figure 2,
page 72), strategies which promote either the devolution of operations
control to operatives, or the centralisation of control at a higher level of
management, are likely to result in significant changes both to the
supervisory system and to individual supervisory positions. Consequently,
in order to make sense of changes in the sphere of influence of individual
supervisory roles, and of changes in the boundary or area of workplace
control of supervisory systems, it is important to examine these changes
within the wider context of changes in work organisation and management

control.

This is particularly evident in the case of computer technology which, as a
consequence of its implementation, may erode or enhance the span of
control of supervisors and/or supervisory systems. As discussed in Chapter
2, this is apparently being caused by: centralising supervisory control
functions at a higher level of management;%° devolving traditional
supervisory responsibilities to operatives;®! and incorporating supervisory
control functions into computerised systems of production.®?

However, it is argued here that the outcome of computerisation on
supervision should not solely be explained in terms of the capacity of the
technology to carry out supervisory tasks and functions, or in terms of its
‘impact’ on the internal characteristics of supervisory structures. Changes
in the organisation of work (for example, in the formation of autonomous
work groups), and changes in management control (for example, in
centralising elements of supervisory control at a higher level of
management), need to be taken into account if an adequate explanation of
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the effects of computer technology on supervision is to be achieved. The
claim that changes in supervision needs to be examined within the wider
context of changes in work organisation and the system of management

control, is tested empirically in Chapter 5.

(vi) Conclusion

Any detailed investigation of the effects of computer technology on
individual supervisory roles and supervisory systems should be located
within a broader analysis of the process of computerisation. As illustrated
in Chapter 2, computer technology can be used to either centralise or
decentralise control responsibilities. This indicates the importance of
identifying factors which shape the introduction of computer technology, in
order to provide a general explanation of the process by which supervision

is redefined.

In the first section of this chapter it was suggested that a number of
factors may influence the direction of change at different stages during the
introduction of computer technology. For example, management’s
implementation strategy and occupational and employee response, were
identified as significant variables influencing the implementation and
initial operation of computer-aided operating systems. Therefore, for the
purpose of aiding an empirical analysis of these and other factors which
may shape the various stages associated with the introduction of computer
technology, an analytical framework was developed. The four discrete

analytical stages which were identified comprised:

the decision to introduce computer technology
the choice and design of computer systems
implementation and initial operation of the computer system

routine operation of the computer system

This framework is utilised in Chapter 4 which examines the various factors
which shaped the process of introducing a computerised freight
information system in British Rail. The remaining chapters then focus far
more exclusively on the effects of computerisation on marshalling yard

supervision.

The second part of this chapter argued that a more differentiated
conceptual framework is required in order to fully appreciate the effects of

computer technology on supervision. A broader conception of supervision
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was formulated which took into account the variety of supervisory tasks,
status levels, and job titles of individuals who are directly engaged in the
day-to-day control of an operating system. This section also provided the
reader with: a working definition of supervision; an identification and
definition of the range and types of supervisory positions; an explanation of
the concepts of supervisory system, and span of control; and finally, an
explanation of why the effects of computer technology on supervision can
only be ultimately understood in relation to changes in work organisation
and the system management control. In part II, this conceptual framework
is used in an empirical examination of changes to supervisory systems and
to individual supervisory roles in British Rail marshalling yards.
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Part II. The Introduction and Operation of a Computerised
System of Freight Information Control in British Rail: A Case

Study

The second part of this dissertation reports on a case study examination of
the introduction and operation of a computerised system of freight
information control in British Rail. The main body of research was
conducted between 1981 and 1983. It involved a retrospective study of
management strategy and industrial relations issues in the
implementation of a computerised system of freight information control,
and a more detailed study of the effects of change on local supervision based

in railway marshalling yards.

Chapter 4 draws primarily on the retrospective study and analyses the
main factors which influenced the introduction of computer technology.
This examination of the process of computerisation has necessarily been
retrospective and has sought to identify and investigate the various stages
associated with the introduction of computer technology as outlined in
Chapter 3. Interviews were conducted with key informants involved in
various aspects of TOPS introduction and operation, and a search was
made of various documentary materials held by British Rail and the

railway unions (see Appendix II).

Chapters 5, 6, and 7, draw on data collected from an empirical
investigation of marshalling yard supervision under the routine operation
of a computerised system of freight information control. This involved an
in-depth study of the effects of change in five traditional marshalling yards
in three British Rail regions. In each of the five marshalling yards
information was collected by: interviewing yard staff; carrying out a
detailed programme of observation of local operations; and administering
a questionnaire to supervisory staff. This information was supplemented
by further interviews and documentary material from Regional and

National headquarters (see Appendix II).

In Chapter 5, the concept of a supervisory system developed in Chapter 3
is utilised in an examination of the effects of computer technology on
marshalling yard supervision. Furthermore, it is shown how a better
appreciation of the relationship between computer technology and

supervision can be achieved, by analysing changes in supervisory control
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functions within the broader context of changes in work organisation and

the system of management control.

Chapter 6 details changes in the tasks and responsibilities of yard
supervisors (an example of the ‘pure’ first-line supervisor) under the
routine operation of the TOPS computer system. The degree to which
computer technology is rendering first-line supervisory positions more
peripheral or pivotal to the operating system is also examined in the light
of the debates outlined in Chapter 2.

Chapter 7 then discusses how the introduction of computer technology
enabled the creation of a new supervisory position, the area freight
assistant (an example of a ‘mixed’ managerial-supervisory role). The
common tasks and functions of this job are analysed, and the extent to
which the occupants of such roles hold pivotal or peripheral positions in the

day-to-day control of production operations is examined.

Chapter 8 provides a summary conclusion, outlining the central
argument of the thesis and reappraising the main substantive findings of
the research. In the penultimate section the main factors likely to
influence the process of computerisation are identified and generalised to
other organisational contexts. The final section then examines the policy
implications of computer technology for supervision. It is suggested that
computer technology could be introduced by management to create new
computer-oriented supervisory positions and hence expand the span of
control of local supervision, and integrate supervisors more closely into the

wider system of management control.
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Chapter 4. The Introduction of the TOPS Computer System

(1) Introduction

In 1971, British Rail decided to invest £13 million in a new computer
information system to improve management control of freight operations.
The system, known as Total Operations Processing System (TOPS), has
been in operation since 1975 following a four year implementation
programme. This investment was one the of the first large-scale ventures
by British industry in the application of on-line real-time computer
information technology. Since 1975, the system has been considerably

enhanced.!

In Chapter 3, it was suggested that a number of ‘external’ and ‘internal’
variables are likely to influence the process of computerisation, such as
competitive market pressures, management strategy and occupational and
employee response. In this chapter, the extent to which these and other
factors influenced the introduction of a computerised freight information
system in British Rail are examined.? The analytical framework developed
in the previous chapter is used to identify different stages during the
introduction of the TOPS computer system. At each stage the major factors
influencing the direction and outcome of change are examined. The
chapter concludes by assessing the influence of these factors on

computerisation and organisational change.

(i1) The Decision to Computerise

The decision to computerise was taken at the corporate level of the
business organisation of British Rail. The strategic intentions behind the
introduction of TOPS comprised various ‘business market’, ‘operating’,
‘product’, and ‘cost’ objectives. These in turn were influenced by the
opportunities offered by computer-based technologies and the nature of
railway freight operations. Each of these are discussed in more detail

below.

(a) Railway Freight Operations and the Importance of Information

Railway freight transits consist of a complex and interdependent set of
‘time sensitive’ cycles of operations. The problem of management control
centres on the task of providing an adequate supply of resources (wagons,
locomotives, train crews) to meet changing customer demands, and then to
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integrate freight transits over a national rail network. Information has to
be captured, transmitted, processed and disseminated on the location and
disposition of resources over the entire network. This information then has
to be utilised in the control and integration of a number of interdependent
cycles of operations, for example, about the route to be taken, the provision
of train crews (and relief), the type of locomotive required, the
compatibility of wagons, and their integration into existing and planned

passenger and freight train services.

Figure 3: Cycle of Operations in Freight Transits

Customer Loading Marshalling
. . Local
Customer is supplied trip Loaded wagons are
with empty wagons marshalled into train
for loading. P and locomotive
(including train crew)
is attached.
Trunk
transit
Customer Unloading Freight Terminal
Local
Customer unloads wagons. | TP Locomotive is detached

4————— and wagons are shunted
ready for transfer to

destination.

The basic elements of this cycle of operations (as illustrated in Figure 3) is

as follows:

@ a customer is provided with empty wagons for loading
the loaded wagons make a local trip to a marshalling yard
® the wagons are marshalled into a train and a locomotive (including

train crew) is attached
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® the train makes a trunk trip to another marshalling yard
® the wagons are shunted according to their individual destinations
® the wagons make a local trip to the customer unloading point

The control, co-ordination and efficiency rest to a large degree on the
availability and accuracy of information about the location and disposition
of resources (in particular empty wagons) and the movement and
composition of freight trains. This is made even more imperative by the
regular occurrence of contingencies in railway operations, including
fluctuations in demand for freight resources, resource shortages, train
delays, and locomotive failures, which require the daily re-scheduling of

planned operations and services.

(b) The Business Market

During the 1960’s, the economic problems of British Rail’s freight
operations had become acute.® Whilst the Beeching Report had made an
attempt to arrest the decline in the passenger business, little had been done
to reshape the ailing freight business which suffered from increased
competition from other types of transport, in particular, road haulage of
small consignments, and a decline in the industries which most used rail
transport.* In 1956, 21% of freight tonnage was moved by rail compared
with 75% by road.® By 1967, British Rail’s share of the market had fallen to
11% and road haulage had increased to 84.6%.5 In 1967, just over 6% of
British Rail’s receipts came from the haulage of freight, 48% of which came
from the carriage of bulk commodities such as coal, coke, iron, and steel,
which accounted for 75% of railway freight tonnes carried.”

By the late sixties the bulk of British Rail’s freight business was
concentrated in the carriage of bulk commodities in the face of a rapid
decline in small consignments more suitable for road haulage.® There was
growing concern that the freight business could not remain viable since the
industries which provided the bulk of its freight traffic were either
declining or growing only slowly. Coal and coke tonnage carried by rail fell
by 27% between 1956 and 1967 as a result of the decline in the coal
industry.® By 1967, British Rail had accumulated a working deficit plus
interest charges of £153 million, largely as a result of the decline in freight

business.!?

In the preliminaries to the 1968 Transport Act, the then Labour
government expressed concern over the position of the freight business.
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British Rail repsonded by undertaking a series of planning exercises aimed
at finding a way to improve productivity. In these, the unavailability of
accurate up-to-date information was identified as the key factor
contributing to the gross under-utilisation of resources, and consequently
was singled out as an area where improvements needed to be made.!!
Thus, the opportunities afforded by new computer technologies to improve
this situation influenced the British Railways Board in their strategic
decision to computerise the freight information system. It was felt that
computer technology could be used to arrest the decline in freight traffic by
enabling the better utilisation and control of resources and hence improve
the speed and efficiency of freight transits.

The principal problems associated with controlling the pre-TOPS freight
system were seen to derive from the manual hierarchical system of freight
information control, in particular, three inter-related characteristics of the
pre-TOPS system. Firstly, management relied for its information about
the disposition of resources on daily physical checks. At headquarters, day-
to-day decisions about resource allocation (especially the supply of empty
wagons to meet customers’ loading requirements) were contingent upon the
provision of information through hierarchical manual reporting procedures
which listed the location and status of wagon and locomotive fleets.
Secondly, the effectiveness of manual reporting procedures and
information flows were undermined by a combination of the parochial
attitudes of railway freight supervisors and the impossibility of validating
the information provided by staff responsible for checking wagons. The
need to satisfy local requirements and respond to fluctuations in customer
demands meant that ‘figure adjusting’ in daily returns was widespread and
that stores of unreported wagons and ‘spare’ locomotives were accumulated
in individual local areas as a matter of course. Thirdly, customers had no
knowledge of the whereabouts of their consignments. Once despatched,
their wagons were ‘lost’ until such time as they arrived at their
destination.!? Despite the attention of a small army of wagon inspectors it
was estimated that only 80% of the wagon fleet was accounted for in each
daily distribution report.!®* Customers were also inclined to engage in
wagon hoarding, and were able to use British Rail wagons within their own

private rail networks with impunity.

All these factors combined to produce a grossly inefficient utilisation of

material and human resources. These operating inefficiencies resulted in a
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wagon fleet which, despite substantial reductions post-Beeching, was still
too large for the size of the network and volume of freight traffic. In
addition, there was an over-provision of locomotives and train crews due to
the variability of demands for freight services. Thus, the decision to
computerise was not a response to problems of labour control, but rather, to
internal operating problems associated with accurate information flows for
the control of railway freight operations. Moreover, the availability of
computer technology and external business market pressures, also played a
part in influencing the strategic decision to computerise the freight
information system. The strategic opportunities behind the introduction of
the TOPS computer system are discussed in more detail below.

(¢) The Strategic Opportunities

British Rail’s 1971/75 Freight Plan unequivocally recommended
computerisation, claiming that it would stem the loss making trend and
make possible an expansion in British Rail’s share of the freight market. It
identified the need for a ‘real-time’ computerised freight information
system which would enable the more effective utilisation of resources in
the day-to-day control of railway freight operations. Moreover, it was also
suggested that if a suitable computer system could be obtained from
another railway then this would minimise delays, reduce the risks
involved, and enable considerable savings in development costs.!*

The 1971/75 Freight Plan set out the specifications from which a ‘world
tour’ of railway computer systems could be judged. These specifications

were as follows:

more effective distribution and utilisation of freight rolling stock
more effective pre-planning of yard and terminal operations
the availability of accurate information to provide guaranteed transits
from source to destination

® prompt response to customers’ requests for information on the location
of loaded and empty wagons

® provision of a data base for a comprehensive management information
system
more efficient control of locomotives and train crews
prompt assessment of the practicality of meeting customers’ needs for

the running of special trains at short notice
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® more effective re-planning of the total workload, particularly, short-
term planning of the highly variable element of the freight business

® provision of an efficient system of traffic regulation and the means to
decide on the priority of freight train movements!s

(ii1) The Choice and Design of the Computer System

(a) The Choice of TOPS

A team of British Rail executives appointed by British Railways Board
travelled overseas to examine existing computer freight information
systems. The team investigated systems in France, Germany, Japan and
Canada. The TOPS computer system developed by the Southern Pacific
Railroad in Canada was identified as the system that most closely met the
requirements listed above. Unlike the experimental nature of computer
systems used elsewhere, TOPS had been developed over 10 years, and
represented a tried and tested system which had also proven to be a

commercial success.!®

The development of the original TOPS computer system began in the
early sixties, when in the face of increasing competition, Southern Pacific
Railroad (which deals almost entirely in freight traffic), was facing a
financial loss for the first time this century. A cutback in the Space
programme at around the same time had left International Business
Machines (IBM) with a surplus of high level computer programmers, and at
the initiation of Ted Strong (an entrepreneurial vice-president of IBM who
had links with Southern Pacific Railroad) a collaboration was agreed on
the development of a computer information control system for Southern
Pacific Railroad’s freight operations. In 1968, Southern Pacific Railroad
had devoted 660 man years of effort to the development of TOPS software
programs.!” By the end of the sixties, TOPS was a ‘comprehensive’ and

‘proven’ computer system.

In June 1970, representatives from Southern Pacific Railroad carried out
a feasibility study on the applicability of TOPS to the very different
operating practices on British Rail. The Southern Pacific Railroad team
made a number of wvisits to different British Rail regions, talked to
management at all levels and concluded that TOPS could be used
successfully in British Rail. A team from British Rail then re-visited
Southern Pacific Railroad and began to probe the possibilities more deeply
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and to determine realistic timescales for inclusion in the submission for
investment approval to put to British Railways Board and later the

Government.!8

The major benefits to be derived from the TOPS investment were judged
to be: savings on wagon costs through better utilisation of rolling stock and
a reduction in the size of the wagon fleet; reduced operating costs through
improved utilisation of locomotives and train crews (with computerisation
it was expected that 250 locomotives and 1200 train crews could be saved
by 1980); and increased traffic retention through improving the quality of
services by ensuring that 90% of train movements occurred as planned in
the timetable. In the event, the savings from improved wagon utilisation
alone were seen as sufficient justification for investment in the TOPS

computer system,!?

The draft submission for investment approval for the TOPS computer
system was presented to the Investment Committee in March 1971, and
from March until June, financial debates ensued over the investment,
especially because of its speculative nature. In addition, the decision to
purchase TOPS software and IBM hardware was met with considerable
vacillation within British Railways Board and the Department of
Transport, where considerable pressure was exerted to ‘buy British’,
However, the TOPS software was designed for use with IBM hardware, and
an equivalent ICL product was yet to be developed. As it turned out, the
Investment Committee agreed to implement TOPS on the casting vote of

the chairman.?°

In October 1971, the scheme was submitted to John Peyton, the Minister
of Transport Industries, who in giving his approval for the TOPS
investment stated that the personal views of the chairman and the chief
executive that the project should go ahead weighed heavily with him in his
decision. The major advantages of the TOPS computer system over a
‘home-grown’ system were seen to be in: the shorter lead times involved;
savings in development costs; and the availability of specialist expertise

from North America on a consultancy basis.?!

(b) The TOPS Computer System

The TOPS computer system is an operations processing system and
comprises: a hardware configuration; software architecture; and operating
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procedures (for a detailed discussion of the TOPS system, see Appendix I).
The basic hardware consists of mainframe computer equipment and
numerous peripheral devices. The mainframe computer equipment
comprises two identical 370/168 IBM computers. One is always ‘on-line’ in
the sense that it is connected to outlying terminals and is continually
executing the TOPS Control and Application Programs (see software). The
other computer is described as ‘off-line’, which means that it does not deal
with everyday programs but is essentially a backup to the ‘on-line’
computer in case of breakdown. However, it should be noted that some
TOPS programs always run off-line (see for example, Journal Files in

Appendix 1).

The peripheral devices associated with the TOPS computer system, are
essentially for the purpose of receiving data, producing printouts of
processed data, and for storing data for future use. Two examples of the
peripherals used on this computer system are disk drives and tape drives.
The former refers to the devices which access data held on disk packs
(approximately 25 disk packs are in use at once on the on-line computer,
with each pack being able to hold up to 105,000,000 characters of data); the
latter refers to the devices which access data held on tapes (they have the
benefit of being cheaper, but access to the data takes longer), these are
usually used when storage is for a longer-term period. The other hardware
components include: printers, facsimile machines, Visual Display Units
(VDUs), and input keyboards.

The software architecture consists of a number of computer programs
which control the computer in the execution of its tasks. A program is
basically a series of logical instructions which directs the computer in
relation to the various functions it may be required to undertake. The five

major program types in operation on the TOPS system are:

IBM Operating System

IBM Support and Utility Programs
TOPS Control Programs

TOPS Application Programs

TOPS Support and Utility Programs

The IBM supplied Operating System is a suite of programs supplied by IBM
which cover a range of generalised functions such as transferring data to
and from peripherals. The IBM Support and Utility Programs are specific
function programs for use off-line to undertake common computer
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activities, for example, copying the data from disks to tapes for security
purposes. The TOPS Control Programs are general function programs used
on the on-line computer for controlling the handling and processing of
TOPS messages (originally supplied by TOPS Inc., but now maintained and
developed internally). The TOPS Application Programs are specific
function programs which are used on-line to process individual TOPS
messages. The TOPS Support and Utility Programs are specific function
programs for off-line activities associated with TOPS, which include the
preparation of disk data to be referenced on-line, and the historical
processing of data generated by the on-line system. In addition to the five
program types outlined above, there are also a variety of other specific
function application programs which have been developed by British Rail
since the initial introduction of the TOPS computer system.

The basic operating procedure of the TOPS computer system is as follows:

® clerical staff send and request information about train and wagon
movements by entering ‘messages’ through computer terminals in local
offices which are connected by land lines to the TOPS computer system
at headquarters

® the ‘message’ is then passed through Communication Data Control
(CDC), where facilities exist for re-routing ‘messages’ to and from
individual terminals via different land lines as and when transmission
problems occur

e finally, the ‘message’ is passed through the TOPS Computer Centre,
where it is automatically fed into the computer system for other

processing

(iv) Implementation and Initial Operation

A central feature of the TOPS investment strategy was the speed of
implementation which was required if the various strategic objectives
concerning saving on costs were to be achieved. If the investment was to
bring the necessary improvement in freight service operations required to
rescue the business, it had to be implemented within budget by 1975.
Despite the advantages of ‘buying-in’ a proven system, a considerable
implementation task had still be be faced and the trade unions convinced of

its necessity. This involved:

® extensive modification of the TOPS software to suit British Rail’s

requirements
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@ the construction of a new computer centre and outlying local freight
centres

® the enhancement of the British Rail telecommunications network to
cope with TOPS data transmission requirements

® 3 programme of staff education and training (especially for the
supervisors and staff responsible for exploiting the system)
occupational and employee consultation and negotiation

® and the actual cut-over and operation of the TOPS computer system??

(a) The TOPS Project Organisation

Unlike previous and subsequent innovations within British Rail, the
TOPS project organisation was deliberately constructed on cross-functional
lines, incorporating under the overall control of one project manager,
operating, computing and telecommunication specialists (see Figure 4).
This particular organisational design was the product of the senior British
Rail management who developed the TOPS implementation strategy. Two
points worth emphasising are: firstly, that the project manager was
invested with considerable authority and had a direct channel left open to
the British Railways Board Chief Executive;?® secondly, that the cross-
functional project organisation was instrumental in avoiding inter-

departmental rivalries and procedural delays.

The high level backing given to the TOPS project allowed for the
necessary ‘rule-bending’ and ‘by-passing’ required of such a tight
implementation schedule. The decision that the Project Manager should be
a senior member of the operating department who knew nothing about
computers had assured that TOPS implementation would take into account
operating requirements of British Rail’s railway freight network.
Moreover, through assuring that the TOPS project would be represented on
the top operating body within British Rail (the daily ‘operating
conference’),?* it was possible to avoid the formal bureaucratic jungle and
overcome individual managerial resistance. In the words of the TOPS
Project Manager:

I had the trust and backing from my colleagues to provide for
them a workable system for operating staff. This obviated a lot
time which would otherwise have been involved in meetings,

explanations and arguments on how the system should be
developed for use on British Rail.
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Figure 4: TOPS Project Organisation?®
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In the Project Manager’s view, the authority vested in him was a critical
factor in achieving some of the major changes in management operating
practice which the TOPS computer system made possible:

IT'had heard that the intention was to draft Management Services
resources to me on loan as necessary, and it did not appeal to me
in the slightest. If I was going to run the project I wanted to run
it my way, with a team completely identified with it and
determined to share in its success. Knowing all too well the
strength of the establishment I didn’t dissipate time and effort
making an issue of it, but went ahead building up the kind of
joint organisation I considered essential....I can understand the
annoyance when the fait accompli was realised, but without it
TOPS would at best have been delayed, and at worst failed.

Within this framework a specialist implementation team was formed to
carry out the task of implementing the system in each local area, The plan
adopted was to introduce TOPS to the freight network in stages, over a
period of approximately two years.

(b) Implementation

In setting up the implementation team, the strategic decision was made
to combine the task of implementation with that of training. The decision
was based on an immediate advantage of ‘buying-in’ an already developed
and operational system, in that lessons could be learned from railways who
had already implemented TOPS. One such lesson was the need to co-
ordinate implementation with staff training as they can quickly become
out of phase. Through bringing the two under the authority of the
implementation team the organisation’s established training facilities and

procedures were by-passed.

As each local area was ‘cut-over’ to TOPS, the implementation team
would move on to the next area and so on. At the peak of the
implementation programmes several areas were being ‘cut-over’
simultaneously. During this period the team, which consisted of a
combination of salaried staff seconded from operating jobs, management
trainees, and other management staff, numbered over a hundred.

The mobility of the team was achieved by converting ‘condemned’ railway
coaches into travelling classrooms. This enabled the team to act as
‘trainers’ and ‘implementors’, and to see the staff at each location through
the entire conversion process. The basic programme of training and

implementation is summarised in Figure 5. However, these timescales
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Figure 5;: Implementation and Staff Training for TOPS in Local Areas?®
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were often compressed, reflecting as the implementation officer stressed,
that it was often ‘ad hocery’ rather than planning which was the key to the

team’s success.

The TOPS implementation team adopted a militaristic type ‘task force’
approach to computerisation.?” During interviews, members of the team
stressed the esprit de corps generated within the team fostered by an
almost ‘regimental’ discipline. In the words of one of the team: ‘if you
weren’t fired with enthusiasm for the project you were fired from the
project’. This authoritarian task-force approach combined with a high level
of management commitment generated what can best be described as a
‘culture of change’ within the organisation. The ‘unity’ of the project team
was re-inforced through the design of a TOPS logo, the publication of a
TOPS newsletter, and the manufacture of a TOPS tie. In addition, the
commitment of the TOPS team was strengthened by senior management
support:

After every one of the TOPS offices was cut over I personally
made a visit to the terminal. Not a red carpet or white-washed
coal stacks affair, but to satisfy myself as to the quality of the
equipment, working conditions and staff morale. To sit down and
personally key enquiries into the terminal concerning current
operations....Another feature was that I let it be known that
promotion to Area manager was dependent on the chap

satisfying us that he had TOPS ‘under his skin’. (TOPS Project
Manager)

These factors had a galvanising effect on the Project team which was
passed on to the staff they were training. This bolstered the ‘culture of
change’?® and generated the view that change could happen quickly. The
Project team promoted confidence in the use of the TOPS computer system
and bridged the transitional gap between implementation and initial
operation. As implementors, they also became progressively more
proficient and self-confident at each cut-over. This had a steam roller effect
which made it all the harder for the remaining areas ‘off-TOPS’ to resist
computerisation. This point has particular significance in understanding

occupational and employee responses to change.

(c) Occupational and Employee Response

The implementation of TOPS was remarkably free from occupational and
employee conflict and resistance. There appear to be a number of reasons
for this.
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Firstly, the initial effect of the TOPS computer system was to create jobs
rather than reduce them. Moreover, all three rail unions agreed that the
decline in the freight business had to be arrested and computerisation
afforded this possiblity whilst also initiating the creation of new positions
rather than displacing jobs. A large number of TOPS clerks were required
to operate the computer system, this factor brought support from the
Transport Salaried Staffs’ Association (T'SSA) who represent the majority
of white-collar employees in the industry.

Secondly, operating with the TOPS computer system was seen to involve
additional duties rather than fundamental changes in the skills or work
roles of manual staff in marshalling yards. The concern of the union
representing these staffs (the National Union of Railwaymen (NUR)) was
to negotiate extra payments in recognition of the added responsibility
involved in reporting information to the local freight centres. The union
argued that the job of the shunter involved the additional task of checking
and providing accurate information on freight movements and train
formations (a task demanded by the characteristics of the technology). On
this basis an extra grade related payment of £1.45 to £1.75 per week was

agreed with management.?®

Thirdly, national trade union support was also turned to good advantage
by management in ‘smoothing-over’ local areas of resistance as TOPS ‘cut-
over’ progressed. The leaderships of both the TSSA and NUR were
instrumental in resolving local disputes which threatened to delay
implementation. They provided what management regarded as
‘constructive assistance’ in the formalising of procedures for appointing
new staff required to operate the TOPS computer system.

Fourthly, while the TOPS computer system could have been used for the
recording and monitoring of the work of train crews and TOPS clerks, the
exploitation of this ‘labour control’ capability was not considered a major
priority by management. As already noted, the main motivation for
introducing TOPS lay in the improvement in the control of material
resources made possible by improving management information and
performance through computerisation, rather than the application of the
new technology to directly monitor the work and performance of manual
and white collar staffs. This supports the claim made in Chapter 3 that

supervision and management control is not solely concerned with
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regulating the activities of labour, but also, with a number of other
elements of production, such as material resource control.?® Furthermore,
managment were able to allay the drivers’ union (Associated Society of
Locomotive Engineers and Firemen (ASLEF)) concern over the ‘Big
Brother’ connotations that such a use of the computer would have for its
members. Thus, management’s strategic intentions behind the
introduction of TOPS was supported by the railway unions which
consequently influenced the eventual outcome of change under routine

operation.

The response of the railway unions was one of co-operation rather than
resistance to the introduction of TOPS. Convinced no doubt of the dire
consequences of a failure to adopt the new technology as a means of
improving operational efficiency. An editorial in the TSSA journal in 1975
emphasised the union’s view of TOPS’ significance:

The project is now well and truly in operation and everything
possible should be done to ensure that its potential is known
amongst freight consigners, so that traffic which could best be
conveyed by rail is switched to that mode of transport...British
Rail has acquired what is regarded as the most advanced freight
control system in the world. If it is going to help to bring better
service to the customer and more freight to the railways, then
there should be a 100% effort to ensure its success...The industry

and its customers stand to gain by its success; that is the spur
making it work.

Although the implementation and initial operation of TOPS was free
from major industrial relations difficulties (through being given general
trade union support), ‘pockets’ of resistance and conflict did occur in
various local areas. For example, on the Western Region management’s
implementation strategy had to be modified (a number of sub-stategies
were adopted) in order to deal with ground level resistance to change.
These ‘political’ conflicts brought considerable delay to the implementation
schedule, with the result that although the Western region was the first to
start implementing TOPS in 1972, they were the last to finish. The size of
the problem was indicated by one headquarters manager who recounted
that ‘the industrial problems in South Wales put the whole of the Cardiff

division back about a year.’

The TOPS implementation teams were modified to deal with local
resistance. This was achieved through developing locally-based
implementation teams which in this case consisted of: a TOPS person from
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Western Regional Headquarters (WRHQ), local management, local
supervisors, and the involvement of shunting staff.

The major source of resistance in South Wales derived largely from
management’s implementation strategy which had not taken adequate
account of the key role which the supervisor holds in absorbing local
frustrations and industrial relations conflicts. The large marshalling yard
in question acted as a ‘semi-autonomous community’ being located within
a railway village where the ‘top-down’ authoritarian approach from a
headquarters implementation team was not taken kindly to. As one
supervisor put it: ‘we weren’t entirely satisfied with the chaps that came
with the implementation team.” Another supervisor who formed part of the
local implementation team recounted the difficulties and supported the
claim by Weir and Mills, that the supervisor can often act as an important
‘catalyst’ in ensuring the relatively smooth transition of an organisation
from one state to another:

We had problems, you know, getting people to accept it, getting
people to operate it accurately, because if it’s not accurate it’s
worthless, because the rubbish into the computer is going to be
the rubbish out. So you've got to have it accurate. And thisis the
thing with the human element, you’'ve got to watch that the staff
don’t skimp it, it’s got to be done properly or it’s worthless. In the
initial stages we kept our eye on everything. The TOPS people
had been instructed if there was anything wrong, for them to
ring back here and for us to put it right and to get it back in
there. We had problems in the beginning...a month or five weeks
and things began to follow a pattern. But even now, the problem
is that you’ve got this human element that you’ve got to involve

in the system, and it all depends on the individuals concerned.
(local implementation team supervisor)

The findings from this part of the study illustrate how occupational and
employee response can influence the process of computerisation, and in
particular, mana