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ABSTRACT

The lack of real and speedy success in the implementation of Computer Aided
Design (CAD) in small firms has been a cause for concern for the author for some
years. Whilst much has been written about the implementation of Management
Information Systems and about Advanced Manufacturing Technology in large firms,
the literature on small firms is very sparse, and the implementer has nowhere to go
for guidance.

This research looks at the implementation of CAD in six small firms against the
background of the current literature in associated areas. It focusses on the aspects of
implementation most commonly featured in the implementation texts, developing
some 32 Propositions on the basis of the six cases.

A review of the propositions suggests a parallel between their sequence and what
may be regarded as a "traditional" business plan, which addresses the questions:

- where are we now? T

- where do we want to go?

- how do we plan to get there?

- what steps must we take?

- how will we know when we get there?

The link between the propositions and the structure is strong, and the consequence
is clear. If the propositions indicate a structure, then a structure developed
specifically to incorporate the propositions should result in a methodology for
implementation.

The framework for this methodology is developed, based upon five phases or stages: -

- strategy

- company audit
- design

- action

- review

The framework has been tested and amended, and the inputs to the phases have
been identified. Sources for these inputs have also been specified where necessary.

The framework provides a significant step forward in the understanding of Computer
Aided Design implementation in small firms. In particular:

- it is constructed using "hard" data

- it provides guidance on a "best" way of implementing

- it forms the basis of an implementation "toolkit"

- it addresses the needs of the small firm, which can least afford specialist
help and can least afford failure.
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1.0 INTRODUCTION

The Author is a Director of a management consultancy company
based in the North of England and providing a wide range of
services to manufacturing companies predominantly throughout the
UK. Operationally, the Author is responsible for two Divisions of
the Company. One of these, the Technology Division, has a high

profile in the field of Computer Aided Design (CAD).

-
A typical project for a company would involve a number of days on
site, learning about the products, their design parameters, the types
ofb design and draughting work normally carried out, the organisation
of the drawing office and its relationships with other departments.

In particular, the relationships between design, manufacturing and
planning departments would normally be of interest, since CAD is

often seen as a bridge between these departments.

Over the years the Author has become aware of a number of

problems associated with the successful implementation of CAD.



In particular, he has been concerned at the low level of systems
integration tackled and achieved by these companies, as some of the
texts discussed later seek to demonstrate that higher levels of

integration lead to greater benefits.

As a consultant, the Author’s role usually ceases once the system has
been specified, benchmark demonstrations have been completed and

quotations have been obtained.

Feedback on success or failure is therefore not often available.
Indeed, when following up on projects after some months have
elapsed, it is often clear that many of the benefits have not been
obtained, yet those responsible for the system are reluctant to admit

it.

As will be seen in Section 2.2, integration can be regarded as a
multi-stage process. Of the 20 projects carried out by the author in a
two year period, only two had developed to a high level of
integration with any success. Ten of the systems had achieved
satisfactory performance at low levels of integration. That is to say
the implementation team had reached the targets they had set
themselves of achieving linked systems. Some of the ten companies
had gone further to produce non-graphical information from the

systems.



Of the remainder, two were experiencing problems with achieving
the higher levels, five were having problems with low levels and one
had been abandoned as a total implementation failure. Some of

these projects are discussed in a later section.

This was a far from encouraging picture, and clearly something was
going wrong between the selection of a technically competent system
and its final implementation. It was against this background that the

case material was developed which forms the basis of this work.

-

-

The amount of literature on the implementation of integrated CAD
systems in small businesses is very small indeed, although some work
has been carried out on integration in larger firms. Therefore it was
decided that an appropriate way forward would be to carry out a

review of the cases to identify and define the common threads.



Whilst CAD integration per se had been neglected, Computer Aided
Production Management (CAPM), Information Technology (IT),
Advanced Manufacturing Technology (AMT), Flexible
Manufacturing Systems (FMS) and Materials Requirement Planning
(MRP) implementation were well documented in larger firms, if not
in small ones (i.e. less than about 200 employees), and parallels were
therefore sought between these, which are in essence integrating

technologies, and CAD.

Integration is discussed further in Section 2.2, but it is worth
examining briefly at this stage what is meant by integration. Any
system which crosses traditional functional boundaries can be
regarded as potentially integrating. For instance IT pervades a
number of functional areas, CAPM as a minimum involves Sales,
Planning, Manufacturing, Stores and Purchasing. Both of these are

integrating technologies.

CAD qualifies as an integrating technology once it grows beyond the
Electronic Drawing Board stage, and takes in Design, Development,

Draughting and, with CAM, parts manufacture.



The structure of this work is as follows:

Chapter two reviews the literature on implementation of
technologies of all types, but concentrates on the integrating
technologies. In doing this it demonstrates how this work will extend

the knowledge and in what areas.

Chapter three defines and defends the methodology used in the
work, and in particular the principle of moving from a relatively
small base of case material to theory. It also examines™the-

alternative methodologies available.

Chapter four consists of a number of case studies, one per company,
selected to show a broad spectrum of problem areas and

demonstrating a common need for an integrated system.

Chapter five develops a number of propositions from the data
gathered in the preparation of the case studies. It looks at such
areas as organisation structure and familiarisation with high

technology.

Chapter six develops a structure for a methodology for the
implementation of CAD in small companies, and suggests how this
should be developed into a management tool. It also suggests

suitable areas for further research.



2.0

IMPLEMENTATION OF TECHNOLOGY - THE CURRENT

LITERATURE

Literature on the implementation of Computer Aided Design and
integrated systems tends to be somewhat sparse, and it has therefore
been necessary to look for parallels in similar technologies. In

particular, the field of Information Technology (IT) has proved to be

. well documented, and appears to be very similar so far as the

complexity and major implementation issues are concerned.

When we come to implementation and integration of systems in
small businesses the literature is minimal, and a much wider sweep is
needed, to encompass such integrating technologies as Flexible
Manufacturing Systems, Materials Requirements Planning, Advanced
Manufacturing Technology and the like as well as the literature on

technological innovation.

Whilst there may be dangers in translating experience in one
technological field to another, there would seem to be some aspects
of implementation which are technology independent. For example,

the training aspects of implementation, and the planning for change.

It is these aspects which make a wide sweep of the literature

meaningful.



2.1

So far as possible, the search has concentrated on literature no more
than about ten years old, ie post 1980, on the assumption that
technological change may well have invalidated some aspects of the

work done prior to this.

System Justification

In the author’s experience, companies rarely if ever implement

systems or purchase items of capital equipment without first

-~

justifying the expenditure.

With a piece of machinery, the justification is often very simple - it
produces items at a particular rate, allowing the Company to cut

costs or to meet a particular schedule.

Systems, however are never quite so simple, and much research has
been done into the justification of systems investment. However, the
literature on justification for investment in Computer Aided Design
is sparse, and it is therefore necessary also to look to the
microelectronics and information technology fields, where empirical

data has been more readily available.



Bessant reports on a variety of case studies carried out for the
Department of Trade and Industry, Anglo-German Foundation,
Policy Studies Institute and the United Nations (in Winch (ed)
1983a pp14ff), and describes 12 common motives for the adoption of
I.T. based manufacturing innovations. Many of these would appear

to be directly relevant to CAD implementation. These include:

* savings on direct labour costs
* savings on skilled labour (coping with skill
shortages by using the capacity of L.T. to =~
embody skills within the software)
* savings on indirect labour (through improved
reliability, easier maintenance, outline
monitoring etc.)
* improvements in machine operation - greater
accuracy, flexibility etc.
* reduced cycle times

* space savings



The remaining six factors which are of less relevance are:

shorter set-up

* improved reliability, easier maintenance

* improved production control, better information
availability

* energy savings

* material savings

* improvements in process safety

It is, of course, possible to find close parallels even for these six

points

Gerwin and Tarondeau (1982) in Gerwin (1988 p90) found from
their studies of computer integrated manufacturing systems that half
the firms adopted computerised systems in a bid to reduce
production related uncertainty. Bessant and Dixon (1982) note that
manufacturing innovation produces an overall trend towards
increasing operation controllability, but stop short of claiming this as

a justification for implementation.



Hage (1980) and Zaltman et. al. (1973) both emphasise the
relationship between a performance gap and motivation for
innovation. A performance gap is the perceived difference between
aspiration and achievement resulting from an increase in aspirations

or a reduction in performance.

Gerwin (1984) found evidence of both these factors in computerised
manufacturing technology, but does not claim that the resultant

performance gap has been a prime motivator.

In terms of Computer Aided Design justification, Primrose et. al.
(1985 pp 293,294) have listed the benefits which may be derived
from a successful implementation, and whilst this may enable a
company to identify the areas of potential saving, no specific claim
has been made that any of these factors have been or would be used

for justification.

Senker (1984b p138) emphasises the benefits of integration of CAD
with manufacturing processes, and reductions in design lead times.
He claims that several existing users are likely to expand their
systems because they have found significant benefits in
competitiveness, including substantially shortened tender

documentation prepared more quickly.

10



He also notes that knowledge of successful applications is spreading
rapidly through the industry via personal contacts, journals,
exhibitions, conferences and through the efforts of the system

suppliers.

Carnall and Medland (1984 p52) cite a survey by Coopers and
Lybrand which discusses the use of the Productivity Ratio as a
justification factor. The Productivity Ratio is defined as the time
required to complete a task using CAD compared with manual
methods. The report notes that productivity claims such as %:1 for
detail draughting are rarely supported by good evidence. Carnall
and Medland argue that the benefits of CAD are too complex and
interdependent to make justification purely on the basis of

Productivity Ratios.

11



Arnold and Senker (1982a) in Carnall & Medland (1984 pS3) report

four main areas of benefit:

* increased productivity within the design and
drawing function
* improved design quality

* improved links between design and manufacture

*

indirect benefits flowing from the process of
introducing computers, leading to a review of
design systems, improvements in access to data

and so on.

However, they claim that most of the CAD systems investigated by
them had been cost-justified on the basis of saving draughting
labour, despite the lack of evidence of this being the most productive
use of CAD, but perhaps because of the ease of quantification.

They argue that this narrow justification could inhibit the reaping of

other benefits.

In their paper for the EITB, Arnold and Senker (1982b) in Arnold
(1983 p36) list four motivations for the involvement in CAD, by

industrial sector.

12



The largest positive identified motivator (eight out of twenty six
cases) related to lead times and threats to viability. Some distance

behind (five cases) related to flexibility of design and complexity.

The third factor (four cases) was a need to reduce dependence: on

contract draughtsman or to meet a skill shortage. However, the

largest group (nine cases) covered the category including

experimental implementations or where the motivation was unclear.

Arnold (1983 p36) has his own list of benefits, which may or may not

be related to motivation, and which includes: < -

* increased productivity reduces design cost, speeds documentation
and reduces lead times

* high productivity allows firms to tender for more jobs

* accuracy and presentation of tenders is improved and more design
work is possible at the tender stage, impressing potential
customers

* CAD installations are perceived as "high technology"

Kaplinsky (1982) points out that users cannot calculate the exact
benefits likely to arise from a CAD implementation because the
available benefit will relate to the efficiency of the newly organised
design process and cannot therefore be assessed. This issue is dealt

with in further detail elsewhere.

13



Technological justification, then, appears to be a minefield, where
system proponents are, in many cases, pushed into claiming savings

in draughting labour time - a moot point amongst most researchers.

When it comes to financial justification, hackles are raised by the
need to use "traditional" accounting procedures. Primrose et. al.
(1985 pp92,93) hint at the potential problem of justification by
criticising companies who do not take a company-wide look at the
costs and benefits. They claim those who invest in major capital

projects without a detailed financial appraisal run a number of risks.

The first is that they may invest in a project which'is incapable of
generating an adequate return on capital. The second is that they
might invest in a project which does not represent the best potential
application, failing to identify the project offering the greatest return.
The final risk is that they may refrain from investing in a project,
even though such an investment would be more advantageous than

continuing with current practice.

In order to identify the company wide benefits they have identified
16 cost factors for CAD and 29 areas of potential benefit. They
claim that the costs and benefits can be quantified with sufficient
certainty - and with a sufficiently low level of uncertainty - to enable

a sound justification to be made.

14



They note that non-discounting methods such as payback and
accounting rate of return are inappropriate because of the protracted
nature of the benefits, and suggest the use of Discounted Cash Flow
(DCF) techniques, measuring Net Present Value (NPV) or Internal
Rate of Return (IRR), which are

"..acceptable to accountants...".

Senker (1984a p228) takes a similar line on the use of payback for
CAD justification, but also criticises the use of DCF as being an
inadequate method. DCEF, he states, encourages projects which yield
quick returns, since anticipated profits for future years are heavily
discounted. This may happen regardless of whether the project is

vital to the future of the Company.

He also criticises the emphasis on profit-centre control, which may
reduce cooperation between divisions with the subsequent tendency
to discourage managers from promoting projects which depress
short-term profitability. This despite the potential long-term

benefits.

15



Hayes and Abernathy (1980 p164), similarly argue that short-term
financial measurements and ’management by numbers’ have been a
feature of management in the US in recent years. The use of the
profit centre as a primary unit of managerial responsibility has led to
a greater dependence upon short-term financial measurements such
as Return on Investment (ROI) for the evaluation of managers’
performance. This in turn has caused managers to make financially

’safe’ investment decisions at the expense of projects with larger but

longer term payoffs.

Gerwin (1988 p91) notes that:

"since short run quantifiable factors will be emphasised by
strategic management in making capital investment decisions,
computerised technology will be discounted. Its primary

advantage of flexibility is a long run intangible consideration".

Meredith and Hill (1987 p58) argue that justification techniques
appropriate for low-level systems are inadequate for higher-level
systems, because they do not measure critically the primary use for

which the technology is being considered.

They suggest that financial techniques cannot reasonably be used to
justify a strategic investment, which a fully integrated system

represents.

16



Figure 2.1 shows Meredith and Hill’s justification "model".

Level of Integration of
Manufacturing Systems

Level 1 Level 2 Level 3 Level 4
Stand- Cells Linked Full
alone Islands Integration

Techniques  Examples

Economic Payback
ROI USEFUL
NPV
Cashflow

Portfolio Programming
Models
Scoring
Models
Growth
Options

MOST APPROPRIATE

- -

-a_

Analytic Value
Analysis
Risk
Analysis

Strategic Technical
Importance
Business
Objectives
Competitive
Advantage
R&D

UNNECESSARY

Figure 2.1

According to the literature, then, we have three types or systems of
justification. The first is the technological justification, based upon
technological need regardless of the financial implications, or at least

with finance as a secondary feature.

17



It concentrates on benefits related to productivity, efficiency and
quality, and whilst it is largely ignored by accountants it can have

implications for revenue measures, e.g. cash flow.

The second type of justification is a short-term financial viewpoint,
perhaps based on Discounted Cash Flow or Internal Rate of Return

methods, and occasionally on payback.

The third type is the long-term viewpoint, and while several writers
suggest that this is the "correct" means of justification, thefe seems to

be little evidence that it is commonly used.

Meredith’s consolidation of the three justification methods has some
attraction in that it relates the three methods to their most
appropriate application. What is clear, however, is the importance
of the initial justification method, since this will provide the yardstick
against which the implementation is eventually measured. It will
also determine - in a somewhat arbitrary manner, according to the

literature - whether or not the system will be implemented.

18
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Systems Integration

A Computer Aided Design system must be considered as part of,
and not necessarily a major part of, the manufacturing information
system, which itself is part of the company’s overall management
information system. It is clear, therefore, that systems integration

will be an important factor in the implementation of CAD.

Carrie and Bannerjee (1984 p252) identify trends towards both
horizontal and vertical integration of systems, with horizontal
integration crossing the horizontal boundaries between functions and
vertical integration linking different maﬁagerial levels. They see
these trends as fundamental in leading away from a corporate
mainframe concept to distributed turnkey systems. This is a bold
concept for 1984, when data transfer protocols and standards were in
their infancy. It is particularly bold when faced with the evidence of

Arnold and Senker (1982 p5) that:
“Most CAD Systems we saw are primarily used as draughting

systems and were cost-justified on the basis of saving draughting

labour".

19



At around the same time Carnall and Medland (1984 p56) touch on
the need for integration, but concentrate on the discrete
design/draughting system. It is clear that in the early 1980s systems
integration was something of a pipe-dream, certainly on the level

that we would consider today.

Winch (1983b p62) describes CAD/CAM as an

"integrating technology which requires stronger organisational

-

' linkages for its effective use".

However, whilst he sees true integration of CAD and CAM through
a common data base he regards this as a technological island, which
requires organisational changes to enable it to be integrated into the

other systems.

By 1987 integration was taking on a much broader meaning. An
integrated CAD/CAM system incorporated design, draughting,
engineering machine tools and manufacturing documentation
systems, referred to as Computer Integrated Manufacture (CIM).

(Adler and Helleloid, 1987 p101). They note:

"The competitive significance of a CIM environment derives less
from the power of the component technologies and more from

their progressive integration".

20



This emphasis on synergy still remains with us in the 1990s.

One interesting proposition raised by Adler and Helleloid (1987
p104) is that computerised information systems must be well
developed in the various functional areas before integration can take
place. The argument for this is that integration is more problematic
in terms of acceptance than in technological terms. Technological
Integration is the easy bit. The hypothesis supports the
top-down/bottom-up approach to advanced technology. The two -
stage implementation starts with the top-down parameter Setting to
ensure systems have compatibility followed by bottom-up system

choice and implementation.

The case studies will show that several of the companies investigated

took a modified version of this approach.

A number of the writers including Adler (1988 pp44ff) have
commented on the "people" differences between implementing

discrete systems and implementiﬁg integrated systems.
The former may be apprdached by skills development whereas the

latter requires significant organisational and procedure changes.

This is taken further in the following section.

21



Waterlow and Monniot (1986) in their State of the Art study of
Computer Aided Production Management (CAPM) identified four

levels of CAPM integration, which they qualified as follows:

LEVEL DEFINITION
0 No CAPM No CAPM or installing now
1 No integration Several functions

computerised but without
regard to integration

2 Partial integration Several functions Tinked via
common files and
co-ordinated controls

3 Full integration All CAPM functions using
common databases

4 Integration of CAPM systems designed in

manufacturing systems conjunction with material

conversion, handling and
quality systems against
manufacturing strategy

objectives.

This classification is of limited value for CAD/CAPM integration,

and will be expanded in later sections.

22
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Organisation and Management Changes

One of the best documented facets of the introduction of
Information Technology and Advanced Manufacturing Technology is
that relating to people issues. In particular, the changes in
organisation and management structure has attracted much attention.
Whilst, as in other areas, the literature specific to Computer Aided

Design is sparse, there would appear to be a number of parallels

-

-

worthy of investigation.

Collins and King (1988 p182) in their investigations at R & M
Corporation look at - amongst other factors - the management of the
CAD implementation. They conclude that draughters whose work
involves more routine technology may derive more motivational
benefits from CAD than those whose work is inherently complex.
Managers should therefore anticipate changes in job design among
those users employing highly routine technology, and should resist
the temptation to manage CAD users in the same manner as
non-users. They should develop implementation plans calling for
more training, longer payback periods and the implementation of
CAD in those areas where greatest improvements in performance

can be produced - by implication the routine tasks.

23



Winch (1983a), as described earlier, notes that CAD/CAM is an
integrating technology, which requires stronger organisational
linkages for its effective use. Whilst the change is only a shift of
emphasis, it is of such a magnitude as to generate considerable
organisation stress. This occurs when the "mutually incompatible”
organisation structures for CAD and CAM come into the conflict.
Mintzberg (1979a) and Galbraith (1977) suggest the use of matrix
organisation to resolve the problem. However, Winch argues that

this is only one solution.

"If the environment is such that engineering can be functionally
organised ..... then there is no need for organisational change. If,
on the other hand, the technology is such that the economies of
scale in manufacturing allow the abandonment of functional

organisation, there is again no need for matrix organisation."

Haywood and Bessant (1987) studied eight small to medium sized
firms which had adopted flexible manufacturing systems. They claim
that it is clear that organisation change is important for the
successful implementation of new technology, but that there is no
clear "best" pattern. Each organisation needs to seek the most

appropriate arrangement for its circumstances.

24



Five of the eight companies had experienced organisational problems
during the implementation. They were convinced that companies of
their size could not operate without the collapsing of boundaries
between previously traditional operations. However, resistance to
such change was common amongst managers, particularly middle

managers.

Also, Marchrzak et.al. (1987 p160ff) acknowledge the need to
develop new organisational structures for enhancing communication
among parties within the CAD design function and external to it. A
management system is required which reduces the barriers to the
engineering/manufacturing interface. However, they offer no ways

of achieving such a structure.

Arnold (1983 p37) makes the interesting point that re-organisation is
often forced on a company to enable it to cope with a computer.
This in turn leads the company to think about its systems, procedures
and standards for the first time in years. As a consequence,
improvements are brought about in the rhanagement and efficiency
of the design process which could have been obtained without the
implementation of CAD. The suggestion in this is that most
companies change their organisation as a reaction to implementation

rather than in a proactive manner.

25



Adler (1988 pp34ff) takes a different approach to the common
reorganisation philosophy. He accepts that the more sophisticated
technical changes require changes of procedure and of structure. He
goes further, to suggest that the more major changes require changes
in strategy and culture. However, at that stage he appears to back

away from organisational change, suggesting that:

"A key challenge ... is, therefore, to adapt (sic) organisational

cultures to maximise spontaneous cooperation".

This is a "softly-softly" approach compared with the structural

changes preferred by Mintzberg, Galbraith et.al.

Tranfield and Smith (1987/1990) suggest that successful

implementation of technological change:

“... requires a revolution in management thinking in many

companies".
Major technological change will have an influence on and will be

influenced by the business strategy of the Company, and may impact

on business performance.

26



This is evidenced by the number of companies in which the
management has failed to take a strategic view of the whole

design/production system, and which have "islands" of automation.

Where CAD/CAM is used as an integrative technology,

implementation problems are often due to:

..... the failure to recognise that new organisational realignments

are needed".

In their study of 13 Advanced Manufacturing Technology (AMT)
applications, Tranfield and Smith note that the most significant issue

raised was that:

“exploitation required a radical change in how management think

and organise manufacturing”.

Those companies which had regarded AMT implementation as a
step function change, and changed the organisation accordingly were
more likely to succeed. This requires, in their terms, a morphogenic
change, based upon a clear vision of the planning horizon, rather
than the conventional morphéstatic change associated with

organisational growth.

27



It is clear, from the implications of morphogenic change, why
managers are reluctant to take this approach, and that the impetus

must come from the top of the organisation tree.

The research identifies nine elements of a methodology for
successful AMT implementation, seven of which have direct or
indirect implications for the organisation structure or managerial

style.

It is interesting to look at the wider issues of organisationdl change
suggested by Delbeke (1983), Perez (1983) and Perez and Freeman
(1988). Tranfield and Smith (1990 p51), following Perez and
Freeman (1988) argue that the present trends in technology
represent part of a paradigm shift in manufacturing. The paradigm
being discussed is the set of rules which govern the workings of
society and set the pattern of best practice. It is argued that the
paradigm persists for an extended period of time, becoming
increasingly inappropriate, until eventually it shifts and a new one
emerges. Tranfield and Smith, building on the work of Bessant
represent this as a series of °S’ curves and suggest that the current
position is as jumping from the fourth to the fifth curve. This is

shown graphically in Figure 2.2.
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The consequence, or corollary of such a shift is that organisational
form is changing in many companies, and whilst the "old" form is
clear, the shape of the "new" form is not, and companies are

experimenting in an attempt to define "best practice".
The implication of this thinking for organisations undergoing major

change, particularly where it involves information technology and

communications, as CAD/CAM does, is very significant.
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Whilst it may be clear that implementation of CAD/CAM involves
increased organisational integration, the "best" form for that

integration may not be identified for some years.

In addition to the organisational change brought about by the
implementation of an integrating technology, there are several other
interesting human’ changes which may take place. Multi-skilling has
already been hinted at earlier in the section, but Bessant et al.
(1992) suggest that the skill life itself may be shortened, and may

indeed be shorter than the employee (working) life.

Accountability wés another feature noted by Bessant et al. (op. cit.),
whereby individuals would be formed into "cells" with devolved
authority, and be responsible to those cells. In terms of management,
these cells tend to be supervisor supported rather than supervisor
controlled. Management has effectively been devolved to the "shop

floor" units which then have more autonomy.
These changes are not, of course, limited to drawing/design offices,

but are now commonplace throughout the manufacturing units of

forward - looking companies.
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2.4

The System Champion

The need for top management to be involved at the early stages of
systems strategy formulation has been documented for many years.
As far back as 1973, Ettlie (1973 p36) found that management’s

commitment to:
"...the philosophy of the new approach to manufacturing..."

to be second only to degree of workflow integration in correlation

with utilisation rate (tape time) on NC tools.

Carrie and Bannerjee (1984 pp251ff) and others working in the same
era note that the "top-down.. bottom up" approach as described
earlier is necessary in implementing a manufacturing information
system. This implies that senior management will be involved at the

specification stage.

The role of the "Project Champion" comes into the literature in the
early 1980s (see for example Altschuler et al. (1984), Twiss (1984)
p.16). The prerequisite of such a "champion” is that he or she shall
be influential in the management structure and shall work closely

with the specification/implementation team.
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Such a person will have the authority to cross boundaries between
departments, reducing inter-departmental conflict. He will also have

the ability to make the necessary changes to the organisation.

Haywood and Bessant (1987), looking at Flexible Manufacturing .
Systems (FMS) in small to medium sized companies found that
seven of the eight companies they studied deemed the project
champion to be very important or even vital to maintaining process
efficiency. The role was often fulfilled by the Managing Director, as
may be expected in small enterprises, or by the Production or

Technical Director.

The research of Tranfield and Smith (1988) supports the top-down
philosophy and in particular the senior management "champion".
They take the concept further by involving all levels of management.

in a "cascade" of ideas generated by the top team.

If these are handled correctly, perhaps in a series of workshops,
useful feedback can be obtained on the effectiveness or otherwise of
the strategic decisions. There is nothing particularly innovative
about this process, which underlies the communications philosophy
of many successful firms. However, its express use in Advanced
Manufacturing Technology (AMT) implementation is not well
documented. Its main strength is, of course, in developing

commitment, in this case to the new technology.
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Gerwin (1988 p93) picks up on the same sorts of concepts, giving the
technical task force, including the new technology champion, the
responsibility of recommending hardware, software and vendors.

The task force is not, however, a decision making body, and the final
decisions on the recommendations are taken by the Company’s
strategic management. Gerwin notes that this has a number of
inherent problems. The greater the technical complexity of the
recommendation, the less likely is the strategic management to
question it. Unable to judge the future effectiveness and benefits, or
even compatibility with its needs, strategic management is faced with

a great deal of uncertainty and may make uninformed decisions.

The models described by Tranfield and Smith and Gerwin would not
appear to be uncommon nor need they be mutually exclusive,
particularly in the small firm where the technical task force and the
strategic management team have at least some common members,

including the "champion".

Measuring Implementation Effectiveness

The measurement of the effectiveness or success of an
implementation has been discussed by many writers against an
abstract background, and few have defined the parameters clearly.
The first question to be answered is quite basic - what do we mean

by success?
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It is logical to look back at the initial justification for purchase, but
where this is related to survival or some element of "me too", this is

not particularly helpful.

In any case, it is reasonable to suppose. that, particularly in
companies which are implementing AMT for the first time,
expectations will change as the implementation proceeds. In other
words, the definition of success, even where it is quite specific in the

case for justification, may be inappropriate as a true measure.

Several writers have addressed the thorny problem of defining
success in implementation, and these fall into three categories. The
first is the proposition that success is measured by the extent that the
organisation uses the technology. This was first propounded by
Bikson et. al. (1981 p226) and referred to as "degree’ of
implementation". Note that the focus is on the organisational use,

and not on the use by the individual.

The comfortable factor in this definition is the ease of measurement,
since total machine usage time can be used as a broad-brush
indicator. What is not so easily defined is the yardstick against

which this usage can be measured.
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The second category, as supported by Johnson et. al. (1985) is the
definition of success as depending on the sophisticated use of
technology. This has a number of attractive features, not least of

which is its appropriateness for CAD implementation.

Whilst the success of a word processor can possibly be measured by
the amount of use it gets, the same cannot be said for CAD. A
simple measure of usage time is hardly a satisfactory measure of its
use to the Company. By identifying several levels of sophistication, a

more precise measure is achieved.

They define the lowest level as "low integration" - use of the word
processor (their target system) as a typewriter. This may correspond
to using a CAD system as an electronic pencil. Their second
"clockwork system" level relies on the development of procedures to
speed up the process and reduce keystrokes. The analogy here may

be the use of symbols, macros or parametric programs.

The third level of sophistication they called "expander systems". At
this level, centres of expertise are developed to handle all word
processing. The analogy is wearing a little thin, but the use of a

common symbol library may be the equivalent level.
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The fourth and highest level was known as "system-wide
adaptation", with decentralised systems and operators responsible
for their creative use. At this stage the analogy falls down |
totally, since such a move in CAD terms would be retrograde. A
more meaningful fourth step for CAD would be a fully
integrated system of CAD workstations. Unlike the word
processor situation, this would leave several more levels of

sophistication available for CAD/CAM systems.

This is a more meaningful definition of success than the first, but it
leaves open the question of the aspiration level of the

implementation team at the start of the project.

Different companies will certainly seek differing levels of
sophistication, and the success must be measured against this

sub-optimal (in most cases) satisficing level.

The third category of definitions contains what Bikson et. al. (1981
p227) refer to as the "fidelity of implementation". This relates to the
extent to which the technology is exploited rather than the extent to
which it is utilised. There may be situations where CAD is the only
way of carrying out a particular design exercise. This would satisfy
this implementation criterion even if the usage were low. This
definition is, then, more to do with design innovation than with

drawing office throughput.
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These three categories of measurement can be classed broadly as
"business success" categories. Voss (1988b) highlights another series
of categories involved with technical success. He, of course, is
looking at the problem from an AMT viewpoint, where success can
in principle be measured in technical terms. He quotes several

measures of success and failure, including:

Success = % uptime

use in actual production

has been in use for a year

Failure = Limited number of parts actually

made on the system

He also refers (Voss (1988b pS8) to the work of Ettlie (1984), who

found that manufacturing orgaﬁisations....

" would seem to believe that they have successfully implemented
new operating technology when two conditions are met. Firstly,
when all the bugs have been ironed out and it is working
technically. Second, when the operation is working reliably and
there is little downtime, and/or the new technology has a high

utilisation rate".
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This is very similar to the definition of success which Bikson evolved

for IT.

Finally Voss develops his own definition of implementation as:

“the user process that leads to the successful adoption of an

innovation of new technology".

Whilst it is difficult to fault this as a definition of the implementation

. = -.
process, it does not further the search for a measure of success.

Wainwright and Bowker (1988 p396) take up Voss’s definition of
implementation and expand it to incorporate problem definition and
performance evaluation of what constitutes success. Their definition

is:
"The user process that spans problem awareness through
contextual criteria, which directs the adoption and subsequent

development of the requisite process technology".

All we have to do, then, is to define the relevant contextual criteria.
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Smith and Tranfield, in discussions with Wainwright and Bowker
(Wainwright & Bowker 1988 p396) suggest the following four

dimensions for the interpretation of the implementation process:

1) Business validity which represents essentially an examination of

the exploitation problem eg Was it worth it?

2) Technical validity an examination of the installation problem eg

Did it work?

3) Organisational validity an examination of the change problem or

in other words eg Can we cope with it?

4) User validity asks the question did the operators use it?, in

essence an examination of the introduction problem.

This analytical tool has a great deal to recommend it, and comments
on three of the four dimensions will generally be elicited from
different people within the organisation. As Clegg (1988) points out
in his tongue-in-cheek review of CAD personalities, the influential
Luddite may take a totally different view of implementation success
from that of his colleagues, demonstrating that truth may not be

absolute.
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One aspect of what Wainwright & Bowker refer to as the "business
dimension" which merits a good deal of discussion in the texts is the

potential for financial benefits.

As was argued earlier, it would appear that many strategic
investment decisions are taken on a short or medium term financial
basis. Where this is the case the measurement of success or failure
is relatively simple, provided that the financial controls are

sufficiently good to isolate the effects of the investment.

-

Hayes and Abernathy (1980 p164) point out the disadvantages of
reliance on this method of justification, which produces an
environment where no-one can afford failure or a reduction in
profitability. Nevertheless, the simplicity of the method seems to be
attractive. Senker (1984a p226) suggests one reason for this in CAD
implementations is that most CAD suppliers in the past have
attempted to sell their systems based upon savings in draughtsmen’s
labour time. This would seem to be flawed, in that labour costs are
normally a very small percentage of a company’s total costs.
Haywood and Bessant (1987 p8) found that in the eight companies
they studied the wage costs were only 20 percent of total costs. In
the USA, Senker (1984b) suggested that this figure was greater than

10 percent in only a few industries.
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2.6

2.6.1

If this is the case, then a company turning over £10 million at 10
percent net profit will have labour costs of £900,000, and design costs
(at 10 percent) of no more than £90,000. A cost saving of 20 percent
will therefore yield only £18,000 - a very small sum for a drawing

office with say, eight draughtsmen.

Success on this criterion is therefore going to be hard to

demonstrate.

Significant Problem Areas

The problems associated with implementing high technology systems
are covered widely in the texts. They centre around the two basic
issues of people and systems. The people issue revolves around such
factors as organisation, skills, resistance to change and commitment,
whilst the systems issue includes the “"hard" factors of system quality,

development, implementation and integration.

Organisation and People Issues

By far the greatest incidence of problems noted in the texts is

associated with people, either in terms of management, in resistance

to change or in organisational issues.
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Keen (1981 p361) looks towards a strategy for the implementation of
Management Information Systems (MIS), of which CAD/CAM can
be regarded as a subset, based upon the premise that the

organisation is the major issue.

He looks closely at the problem of "social inertia", and the human
aspects which cause it, supporting this with a tactical approach to

dealing with it.

Keen also looks at the issue of "counter-implementation” - 3 political
approach to causing implementation failure, which includes diversion

of resources, deflection of goals and dissipation of energies.

Again, he looks at some tactical methods of coping with
counter-implementation. Compare this with Clegg’s (1988)
“Influential Luddite", who has the power and motivation to take this

sort of action.

Eason (1982 p58ff) also looks at the organisational end of
implementation, taking as a starting point the "traditional"
consequences of implementing computer systems which pervaded the
texts at that time; job losses, changes in job content, health
problems, retraining, increase in formality, changes in power and
influence and industrial relations changes, all of which are social

system factors.
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He expresses strongly the desirability of user involvement during the
whole of the selection and implementation period, but argues that
there is, in practice, a rather narrow window of time in which
effective contribution can be made. This is bounded by the level of
understanding or learning at the bottom end and the need for system

finalisation at the upper end.

His methodology for systems development seeks to keep
organisational learning about technology ahead of system

development so that the former can inform the latter.

Eason’s approach is "bottom-up" and "user-led", which has certain
merit. For instance, it is particularly good for gaining the
commitment of users and others at low levels in the organisation to

the change about to take place.

It does not guarantee commitment, but it increases the probability.
However, it leads to morphostatic change rather than morphogenic
change, and it is particularly poor where a system needs to be
reconfigured strategically. It takes little account of the need, if any,
for major, system-wide change. It could, indeed, lead to a situation
where functions are automated which may have no place in the

planned system.
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The author has observed this frequently in organisations which have
computerised discrete functions to provide "islands of automation"

rather than looking at the overall need for integrated systems. The
result has been on occasions that the "islands" have been subsumed

at a later date, rendering the equipment redundant.

In a study of eight FMS/FMC implementations, Haywood and
Bessant (1987) found that five of them stressed that it was
organisational problems which presented the major interfacing
problems and contributed to excessive timescales. Man-age‘r\s were
more likely to resist change than the shopfloor workforce, and being
in a more influential position they could have a greater effect on the
implementation. In particular, they could influence the attitudes to

training, which was considered as an essential adjunct to FMS

introduction.

Haywood and Bessant also noted that the change in skills needs led
to a problem of recruitment of a satisfactory level of people. It is
usually assumed that existing personnel can be retrained to cope with
the new technologies. This may be so in the majority of cases, but
the training in itself makes the staff marketable, and a more rapid
staff turnover may be the result. Hence the need for continuing

training and for skills recruitment.
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Adler (1988 p43) quotes a McKinsey & Co survey of CAD/CAM
implementation ("Forging CAD/CAM into a strategic weapon".
January 1984) which claims that the benefits of CAD/CAM could be
tripled in terms of reduced cycle time were it not for the lack of

managerial commitment.

Adler further suggests that labour requirements are amongst the
least well managed of all the implementation issues. He claims that
the skills impact of new technology is low priority compared to the
technical capabilities and cost savings. Similarly, when the ™
equipment arrives, training comes second to debugging the system
and getting production rolling again. The result is that the attention
to optional skills mix tends to be a firefighting exercise brought on
by a need to absorb displaced people or to deal with job

classification grievances.

Haywood-Farmer and Hill (1989 pp71ff) in their survey of CAD
implementation in the Canadian consulting engineering industry
found a genéral acceptance amongst users that CAD demands more
management skills. However, they also found that half the
respondents who accepted this felt that their senior staff were not
prepared for CAD systems to be a success. Unfortunately the

measure of success is not reported.
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This work is interesting, in that it is the only recent work which looks
at the managerial skills level in actual implementations despite the
wealth of theoretical writing on the topic. All other implementation
studies involving skills reporting concentrate on the skills of the users

- designers, engineers or draughtsmen - rather than the management.

We have to go back almost a decade to Arnold and Senker (1952) to
find further empirical evidence of the shortfall in managerial skills.
A number of examples of the failings of management serves to
highlight the need for training prior to implementation. “The authors
go as far as to suggest government promotion of the raising of skill
standards in management in the short term and in influencing the
long term education and training of managers. It could be claimed

that this need is still present ten years on.

In summary, there is a consensus that organisation and people issues
feature strongly in system implementation, whether the

implementation involves morphostatic or morphogenic change.

It is interesting to note the apparent general shift in emphasis from
user resistance in the early 1980s to management resistance in the

late 1980s.

The one exception cited is Arnold and Senker (1982) who were

preaching the need for management training a decade ago.
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2.6.2

The reason for the apparent shift has not been investigated or
assessed, but it could have something to do with the decline in
organised labour over the period since about 1979. It is probable
that the texts of the early 1980s reflect the needs of the day to take
operators into account, particularly in the larger businesses such as
the automotive industries where advanced manufacturing technology

was being implemented and trades union were very strong.

Later in the decade, as managers were given the authority to
manage, and as the technologies became more complex, the need for
skilled implementers at managerial level appears to have become

more acute.
Technical Issues

Not all writers consider the technical issues to be a vital area of
study. Indeed Wainwright and Bowker (1988 pp395ff) attack the
traditional approach to implementation of advanced manufacturing
technology in general for its concentration on mechanistic issues
without regard for the organisation and management dimensions of
the process. This is quite a switch from the situation only six years

or so earlier when the reverse appeared to be the case.
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They build on the work of Tranfield and Smith (1987) to create a
multi-dimensional implementation model. This model suggests merit
in looking to four important factors - technical, organisational,

business/strategic and user issues.

Adler and Helleloid (1987 p104) expand upon the technical issues of
implementation and integration, which would appear to be

particularly relevant in terms of CAD/CAM.

They suggest that:

"Computerised information systems must be well developed
individually in both engineering and production functions before
integration can occur. In other words, system effectiveness will be
greater when all potential users of the system have already
developed their own computer capabilities before the integrated

system is developed".

However, they go on to suggest that the most difficult task is not the
integration of software but the acceptance of the tools, which will be
more acceptable if they are well designed. This supports the
hypothesis propounded by Lucas (1985) discussed earlier. They
further suggest that this can be better achieved if the users are able
to take an active part in the development, again supporting work of

Eason (1982).
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Peccei and Guest (1984 pp84ff) take a totally different perspective
on the problems of implementation effectiveness. They suggest,
quite reasonably, that the measurement of effectiveness depends
upon the definition of success. What may be regarded as successful
in one company may be inappropriate in another. Goals may be
vague, ambiguous or simply unrealistic, and therefore may not

provide a sound basis for assessment.

Goals may also be different across the various interest groups, and
Voss (1988) notes that the goals may well change during the

implementation.

These factors are clearly going to be important when attempting to
define the problems associated with implementation. Peccei and
Guest (1984 p95) have therefore developed a new framework for
evaluation which focuses on three areas; the outcome/effectiveness
of change, the nature and quality of the change process ahd the ratio
of inputs to outputs in the change process. They use the framework

in an analysis of a word processor implementation at British Rail.
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Lucas (1985 p75) takes a more balanced view of implementation
than those already discussed. He accepts the importance of the

human aspects:

“Favourable attitudes on the part of users should be extremely
important in implementation: attitudes have an action component,
and favourable attitudes are consistent with high levels of use and

satisfaction with a system".

However, he also takes into account the possibility that Gther

factors may be equally important.

"The technical quality of systems is important; it directly affects
our attitudes as users and also makes it easier to use the system
physically. For example, a system with difficult input
requirements or a difficult language for user input will be used

less than one with a good technical design".

He acknowledges that lack of these two factors may lead to lack of
system usage, ie implementation failure. This more balanced
approach to the problems of implementation would appear to
provide more scope for further work than the unilateral approaches

described previously.
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2.7

System vs Implementation Success

An impiementation can clearly be a failure for one of two reasons.
Firstly the system itself may not be a success. In Quality Assurance
terms it may not be "Fit for Purpose". Indeed it may even, in,
consumerism terms, be "Not of Merchantable Quality". More likely,
though, it may simply not be user-friendly, to the extent that it

cannot be implemented successfully.

Secondly, the system may be perfectly satisfactory, and may be a

good match to the Company’s needs, but may be implemented badly.

In these terms, a successful implementation can only be achieved if a
technically satisfactory system is implemented well. The best
possible implementation of a poor system, or the mediocre
implementation of a satisfactory system can at best be moderately
successful, whilst a mediocre implementation of a mediocre system

will almost certainly be regarded as a failure.

Looking back at the section on Justification (Section 2.1) it is clear
that justification of a system is based entirely on the assumption of a
successful implementation. Consideration is given only to the
benefits to be obtained, in financial or other terms once the system

is up and running.
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As examples of this, Arnold (1983 p36) lists as the potential benefits
of a system, which include increased productivity. accuracy,
presentation and perception of the Company. Primrose et. al. (1985
Pp92,93) concentrate more on the company-wide costs and benefits
of a system, whilst Gerwin (1988 p91) sees advantages in flexibility,

which he regards as a long-run intangible consideration.

Justification, then, appears to be a comparison of the benefits of a
system with the costs of a system. It is normal to ignore the cost of
"getting it right", which may be significant, or in some cases even

prohibitive.

As a criticism of the justification process, this is perhaps unfair,
since the aim of the company in installing CAD is not to fail but to
be successful. To justify a system on the assumption that it would
not be successful would clearly be folly. Whilst justification
concentrates on the "systems" factors, Section 2.6, which deals with
implementation problems, focuses predominantly on the

| implementation process and its level of success. The reasons for this
are not enumerated in the texts, but there are at least three

possibilities:

a) A system manager is going to be reluctant to admit that the
system which he and his team have chosen is not satisfactory for

the job in hand.
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b) Success of the system as a whole, in financial and time-saving
terms is difficult to evaluate, since it may be affected by changes
in the type of work being done, the volume of work being done,
technological advances etc, which in turn may be affected by the

value of the pound, market changes and company strategy. .

c) Implementation problems are easy to spot, and in management
terms are less painful to acknowledge than inherent system

problems. How odd this is when effective implementation is

-

surely a management function

We find, therefore, a great deal in the texts about organisational
change (Keen (1981), Eason (1982), Haywood and Bessant (1987))
and managerial commitment, or lack of it (Adler (1988),
Haywood-Farmer and Hill (1989)). We also find a considerable
amount written about the systems themselves, but on looking deeper
we can see that they concentrate on the ’implementation’ end of
systems rather than on systems failings. This can be seen in Adler

and Helleloid (1987) and Lucas (1985).

The other factor missing from the texts is any criticism, constructive
or otherwise, of what we may call the 'mechanistic end’ of the
implementation process. In this we include the use of a Project

Champion and the Implementation Team.
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2.8

It seems strange that the features which are considered as essential
by a high proportion of writers should have so little written about

their effectiveness.

Summary

As was noted earlier, the literature on the implementation of CAD
systems is a little thin, and it has been necessary to look for
similarities in the field of Information Technology. Even there, the
coverage of small businesses is sparse, whilst the field of CAD in

small businesses is virtually untouched.

The literature which has been surveyed has been broken down,
somewhat artificially, one may argue, into categories which can be
studied independently. The categories were, to some extent,
self-selecting, in that they were the major issues perceived by the
majority of writers, even though the section titles may not

correspond to the terminology used by those writers.

The section on Justification highlights the perceived benefits of a
CAD (or LT.) system. Many of the writers list the benefits which
would form the basis of the justification argument, and the writer has
seen such lists in small and medium sized firms used for just that
purpose. One important factor in this is that justification in these

terms is regularly found for a first investment in CAD.
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It would be interesting, but beyond the scope of this work, to look at
the justification for expansion of a system or its replacement by a
more sophisticated system. It is felt that the factors for justification

may be quite different.

Financial justification is regarded with some scepticism by a number
of writers, particularly where techniques such as Payback, Discounted
Cash Flow (DCF), Return on Investment (ROI), Net Present Value
(NPV) and Internal Rate of Return (IRR) are concerned. Primrose
et. al. (1985), Senker (1984), Hayes and Abernathy (1980)*and
Gerwin (1988) are particularly scathing about such short-term
quantification methods. It is interesting to compare these traditional
| accounting methods with modern Japanese investment decision
making, which takes a much longer view of the investment. It would
be interesting, but again beyond the scope of this work, to compare
the justification methods of small Japanese companies with those in

the UK.
Whatever justification method is used, the outcome of it will be a

decision on whether to proceed, and if it should do so we may expect

the justification to form the basis of the measurement of success.
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The section on Systems Integration starts off with the premise that
the CAD system is not an end in itself, even for the very small firm,
but a step towards an overall Manufacturing and Management
Information and Control system. Integration of systems implies
linking across "“traditional" functional boundaries, both horizontally
and vertically, and several writers, including Adler and Helleloid

(1987) point to the "people" issues of these cross-functional systems.

This is taken further in the section on Organisation and
Management Changes, where the management of a CAD drawing
office is contrasted with a traditional drawing office. The need for,
and the form of organisational change is discussed by Mintzberg
(1979a) and Winch (1983a) who argue for and against matrix

management respectively.

The need to break down the traditional barriers between
departments is identified by several writers. Adler (1983) goes so far
as the suggest that these organisational changes can in themselves
bring about efficiency improvements over and above those provided

by the CAD system.
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There is scope here to compare and contrast the changes which take
place in UK based companies with those in German or Italian
companies, which tend to have much more clearly defined structural
boundaries and with Japanese companies which generally have

flatter structures.

The need for organisational change is accepted by most writers, ‘and
several suggest, quite reasonably, that this needs to be driven from
the top. The concept of System Champion is therefore propounded
by several writers from Altschuler (1984) onwards. ThoSe who
mention such a champion agree that it is an essential for successful

implementation.

Tranfield and Smith (1988) take this further, building it into a
"cascade" of information dissemination not dissimilar to the concept
of team briefing now used by many large and medium sized
companies and increasingly by small companies as a communications

tool.
The correlation between effective communication within a company

and the ease of implementing integrating technologies would make

interesting research.
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It would be reasonable to expect success of a system implementation
to be measured against the same factors as were used for the
justification, but the section on Measuring Implementation
Effectiveness shows that this is not so simple as it seems. Back in
1981 Bikson et. al. (1981) suggested that a good measure would be
the extent to which the organisation uses the system. Johnson et. al.
(1985) recognise that the level of sophistication of use of the sygtem
is important, but do not recognise that some companies, particularly
small companies, may not seek sophistication. Bikson et. al. (1981)
look at the "fidelity of implementation”, i.e. the exploitation-rather

than the usage of the technology.

The potential for financial benefits is discussed widely in the texts.
Whilst in the past CAD salesmen have sold systems on this basis,
there is general agreement that success on the basis of financial

savings is likely to be hard to demonstrate.

Not all systems can be regarded as a success, regardless of the
measures used, and the section on Significant Problem Areas
highlights what can go wrong. In general, it subdivides into

Organisation and People problems and Technical problems.

Not surprisingly, this section covers much of the ground of earlier
sections in which writers described "how to" implement, based upon

what they observed to be the problem areas.
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The final section deals with the twin factors for eventual success -
system success and implementation success. It suggests reasons for
the justification of systems concentrating on systems features whilst
the problems tend to home in on implementation issues. There is
potential to expand this section by researching the implementation
problems in more detail, looking beyond the “claimed" problem areas

to the real problem areas, to see whether systems feature strongly.

Research Focus

The literature search raises many more questions than it answers and
it is clear that a number of significant areas for research are opened
up. It is difficult, however, to overlook the overwhelming mass of
literature which suggests that in advanced technology
implementation, the people and organisational issues are as

important if not more important than the technological issues.

Some writers go so far as to to suggest that the success of an
implementation hinges around the way in which an organisation can

change or adapt to the requirements of the new technology.
In looking at the success and failure of CAD implementation in

small firms, there are several areas which could be explored in the

light of the findings, and some of these are described below.
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a) Concentrate on the people aspects of the six chosen
implementations to the exclusion of the technological aspects,
following the work of earlier writers. One problem with this
approach is that with such a small sample size, it is quite
conceivable that one or more may have experienced the sorts of
technical problems encountered in the texts. This could lead to

conclusions based on invalid or erroneous information.

Consider, for instance, the unlikely scenario that CAD
implementations always fail in small firms because inexpensive
CAD systems are technologically inferior. An examination of the
people and organisational issues in this instance may yield a
perfectly reasonable thesis that had little to do with the actual

causation.
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b) Ignore the overwhelming body of literature on the basis that for
all the research which has been carried out, no "solution" has
been found, and seek a "solution" based upon technological issues.
This is the other extreme to that described above, and is equally

unlikely to be fruitful.

¢) Compare and contrast the implementation of systems in large and
small firms, and seek out the common factors which run through
the successes and failures. This gives rise to two fundamental
problems. Firstly, the writer has no access to large firmis, and the
literature on CAD implementation in large firms is insufficient to
support a comparative study. Secondly, we cannot be sure that
the reasons for failure or success would be the same in small and
large firms, so drawing parallels may be counter-productive.

Indeed. research in this area could be most interesting.

d) Take an open-ended look at the case material available, using
people issues as a focus in deference to the writers who have
highlighted people and organisational issues. Look, at the same
time, for other, non-people issues, which may be relevant in the
context of the small firms studied. In other words, keep the
research focus deliberately blurred so that no doors are closed

too early.
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This approach gives the impression of being woolly, but it has a
certain attraction that open-mindedness and lateral thinking can, on
occasions, give rise to revolutionary ideas and concepts.

To avoid the focus being too blurred, and giving rise to masses of
extraneous information, a small number of minor foci should be

identified, and it would be logical to use those most commonly

encountered in the texts.

In summary, the research should have the following foci or

parameters:

1 People and Organisations - this may be sub-divided

2 Level of Integration

3 Prior Computer Knowledge

4 Expectation of the System

5 Justification of the systems

6 Level of Satisfaction.
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3.0

RESEARCH METHODOLOGY

This chapter sets out to define the methodology used in the work, and
to compare and contrast it with alternative methodologies. It also
seeks to place the work into the spectra of research methodologies

developed by other writers.

Section 3.1 looks at the inductive/deductive spectrum, and the way in
which it can be perceived as a cycle into which one may break at any

point.

Section 3.2 examines the definitions and descriptions of case studies
developed by various authors. Whilst there are very few of them, they
are telling about the approach of the author to the case study. The

section develops a working and purposeful definition of a case study.

Section 3.3 recognises the dangers of collecting free-form data, and
highlights the need to have a well-defined focus prior to the data

collection.
Section 3.4 describes the approach taken to the research. It explains

the reasoning behind the use of a questionnaire for data collection

and how it was used.
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It places the approach into the context of current research thinking by
such writers as Schein (1987), Fredricks and Ludtke (1975) and

Bogdan and Taylor (1975).

Section 3.5 describes the actual process of the methodology, from the
selection of cases through to final exit discussions. It includes details
of the questionnaire and the process used in data collection. It
explains how cases were "deselected" to give a shortlist for detailed

investigation.

The arguments for and against the use of case studies in research are
presented in Section 3.6 which also argues the case for the use of a

small number of such studies.
Section 3.7 looks briefly at a method of analysis of case study

material, taking a three-stage approach of within-case investigation,

cross-case pattern searching and within-case pattern investigation.
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3.1 Induction vs Deduction

It has long been established (Brewer & Hunter (1989); Eisenhardt
(1989); Evered & Lewis (1981); Gill & Johnson (1991); Mitchell
(1983)) that research falls into two categories: Deductive - a process
which leads from theory to observation, testing the theory, and
Inductive - a process which builds theory from observation. Kolb,
Rubin and Mclntyre (1979) tie the two methodologies together in a

model which they refer to as an Experiential Learning Cycle (Fig 3.1)

(——-— CONCRETE EXPERIENCES j

TESTING IMPLICATIONS OF OBSERVATIONS
CONCEPTS IN NEW SITUATIONS

I REFLECT TIONS
FORMATION OF ABSTRACT J

CONCEPTS AND GENERALISATION

-

Fig 3.1

The two methodologies can be seen to be represented and described
by the two sides of the cycle. The left hand side corresponds to

deductive research whilst the right hand is akin to inductive research.
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As a model of learning this seems to be sound, but it misses a
fundamental point that in practice research often encompasses
elements of both methodologies. Indeed Gill and Johnson (1991)
suggest that Induction and Deduction are at opposite ends of a
spectrum of methodologies, and research will take its place on this
continuum between an emphasis on nomothetic methods and an
emphasis on ideographic methods. At the nomothetic end of the
continuum the methods might include laboratory experimentation,

whilst the ideographic end encompasses ethnography.
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Note that the work of Kolb et al. (1979) is based on Wallace (1971

p18), who developed it as a model of the scientific process.

Theories
e “

Concept Formation
Proposition Formation
and
Proposition Arrangement

l

Logical
Inference

Logical
Deduction

Decisions
Empirical to accept Hypotheses
Generalisations or reject
Hypotheses

}

Measurement
Sample Summarization
and
Parameter Estimation

/

Interpretation
Instrumentation
Scaling & Sampling

Tests of
Hypotheses

Observations

Figure 3.2
The Principal Information Components, Methodological Controls

and Information Transformations of the Scientific Process
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One of the problems with theory orientated research, whether it be

inductive (theory building) or deductive (theory testing) is that:

"... most empirical generalisations are logically consistent with a
good many theories, and, as this implies, different theories lead
to many of the same predictions". (Brewer and Hunter (1989)

p35).

They point out that the generalisation that homicide rates increase
after wars is consistent with a variety of theories, which in~turn can

lead to a variety of expected outcomes.

Often the only or at least the most logical way out of this impasse is
to establish a second or a third empirical generalisation which will
narrow the range of possible theories. A second possibility is to test

the validity of the inducted theory.

In effect this means we have taken Kolb’s cycle (fig 3.1) a full circuit,

and the second time round the theory should be more plausible.
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Testing theory in this manner may not be so straightforward as it
seems. If we take Denzin’s (1970) approach to qualitative research

as a pattern, he suggests a six stage process:

—

A rough definition of the phenomenon to be explained is

formulated.

2 A hypothetical explanation of the phenomenon is formulated.

3 One case is studied in the light of the hypothesis, with the object
of determining whether or not the hypothesis fits the facts in that

case.

4 If the hypothesis does not fit the facts, either the hypothesis is
reformulated or the phenomenon to be explained is redefined so

that the case is excluded.

5 Practical certainty may be obtained after a small number of

cases have been examined, but the discovery of negative cases

disproves the explanation and requires a reformulation.
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3.2

6 The procedure of examining cases, redefining the phenomenon
and reformulating the hypothesis is continued until a universal
relationship is established, each negative case calling for a

redefinition or reformulation.

The problem is clear. The researcher needs to set out on a search
for negative cases in order to disprove the hypothesis, since he is
unable to prove the hypothesis. Whether six cases would be
sufficient to establish any type of hypothesis is open to debate, and
the alternative approaches are discussed further in Secfior3.6 where

Mitchell’s (1983) single case deductive approach is investigated.

Definition and'Description of Case Studies

Over the years there has been much written about the case study and
the use of case study material, but the number of writers who have
committed themselves to a definition of a case study is very small.

Goode and Hatt (1952) define the case study as:

"a way of organising social data so as to preserve the unitary

character of the social object being studied".
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Yin (1981 pS9) extends this somewhat:

"... the distinguishing characteristic of the case study is that it
attempts to examine (a) a contemporary phenomenon in its
real-life context, especially when (b) the boundaries between

phenomenon and context are not clearly evident."

Mitchell (1983 p192) takes this even further, identifying the reason

why case studies should be of interest, and building this into his

-

definition:

"A case study (is) a detailed examination of an event (or series
of related events) which tiie analyst believes exhibits (or exhibit)

the operation of some identified general theoretical principle."
A case study, then, is not a case study unless it falls in with a set of
predefined criteria. This would appear to damn in one sentence the
whole ethos of inductive methodology, although the assumption is

clearly inaccurate, since later in his paper he writes (p197):

"...most social anthropological and a good deal of sociological

theorising has been founded upon case studies".

Indeed it has, and the literature is the richer for it.

71



More recently, Eisenhardt (1989 p534) has produced not a definition,
but more of a series of statements which encapsulates the meaning

of the term Case Study. She writes:

"The case study is a research strategy which focuses on

understanding the dynamics present within single settings."

"Case studies can involve either single or multiple cases.."

"Case studies typically combine data collection methods such as
archives, interviews, questionnaires, and observations. The
evidence may be qualitative (eg words), quantitative (eg,

numbers), or both."

"Finally, case studies can be used to accomplish various aims: to

provide description ..., test theory ... or generate theory."

Whilst not being a definition in the true sense, this encapsulates the
essence of the case study without presupposing the intent of the

researcher.

These diverse writings between them lead to a working definition
which will suffice for the present. Case Study research is a research
strategy which examines an event or a series of events for the

purposes of providing description or testing or generating theory.
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This definition takes the case study away for the realm of general
ramblings and makes it purposeful. Unlike Mitchell’s (1983 p192)
definition, this does not preclude the narrative account of an event
or a series of events, since it does not presuppose that those events

portray:

"... features which may be constructed as a manifestation of some

general abstract theoretical principle".

The rationale behind the case study approach is discussed in Section

34.

Theory Building

Free-form data collection in even a small number of companies
without some form of research focus is a recipe for the generation of
vast volumes of data which cannot reasonably be analysed or even

assimilated.

Mintzberg (1979a) recognised that some initial narrowing of the field

of research was necessary.

"No matter how small our sample ... we have always tried to go

into organisations with a well defined focus".
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This appears, on the face of it, to be contradictory to the
theory-building ideal that there should be no hypothesis to test, but

this is not the case.

We may identify the research question in order to constrain the field
of research, but it has to be accepted that this constraint, and indeed
the research question, may shift in the light of the research itself. In
other words, whilst we start with a research focus, the developing

theory may cause this focus to be moved. This brings us back to the

Experiential Learning Cycle of Fig 3.1. =

Methodological Apnroa_ch

In order to understand fully the approach to the current research it
is important to place it in the context of the environment whence it

arose.

As described in the Introduction, the author was in an excellent
position to observe the implementation of Computer Aided Design
systems in small companies right from the conceptual stage. He was
instrumental in the selection of systems for all the companies
described in Section 4. Being aware that of the 20 or so systems
implemented, not all could be described as unqualified successes, he

sought to identify the reasons for this by closer investigation.
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Several research methodologies were open to the author. Whilst
experimentation in its various forms was not an option in the later
stage of the implementation, some degree of participation was
almost inevitable. Having considered the two broad-based
techniques of Ethnography and Survey, and acknowledged the:
advantages of each methodology, it was decided to use elements of

both.

It was clearly not going to be feasible, as a consultant, to revisit the
sites and discuss the CAD implementations passively. Havitig been
involved in selection of the system, the author would inevitably
become involved beyond the pure observational role. Nevertheless,
the objective of the exercise would be to collect information, not to
continue the consultancy role, and this would need to be agreed

explicitly with the company representative.

Prior to the post-implementation visit to the companies some
information was already available. The initial reports gave a general
background to the companies, and the reasons for implementing
CAD. This did not necessarily go as far as listing the expectations.
The “stories" were, in fact, far from complete, yet the wealth of data
and their variety was substantial and relatively unstructured. If an
inductive approach were to be taken, then the collection of further

data would need to be much more structured.
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The two-pronged approach would consist of observation - participant
or non-participant, structured using a questionnaire or research
instrument. It was never intended that the questionnaire should be
followed slavishly to the exclusion of other information, but that

copious field notes should be taken during the visits.

In this way, the best elements of observation and open-ended

questionnaire survey would be utilised.

Whether the observational style at this stage would be participant or
non-participant was open to conjecture, and arguably not too
relevant. On first impression it would be what Freidrichs and
Ludtke (1975) would describe as "non-participant, controlled,
standardised", where the observer is not directly involved in the
action, but where there is an observation schedule. Participant
observation, interventionist or non-interventionist, was not to be
sought specifically, since the event being studied - the

implementation act - was less relevant than the effects of the event.

However, the author would be conscious at all times of his former
participative role. No problems were expected regarding the

language of implementation or in acceptance as an observer, since
the implementation itself and not the implementers was to be the

focus of the observation.
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In practice this may not be totally acceptable to the participants, and

some elements of the situation may be excluded as a result.

If we take Schein’s (1987) breakdown of qualitative research into
the Clinical and Ethnographic methods, accepting that these are
points on a continuum and not discrete perspectives, the aim of the
exercise would be to take up a position towards the ethnographic
’end’ of the spectrum. Previously, of course, the author had been
working towards the clinical end in selecting the CAD system for the
company - intervening in order to change the status quo within the

system.

The phrase "...towards the ethnographic end..." used above was
chosen with care. It is difficult to visualise a situation whereby
observation of this type could be anything but interventionist. The
very fact that the system is of interest to an external observer causes
those involved to take more notice of it and probably change it or

their perceptions of it. In Schein’s words (Schein 1969 p 97):

"If I interview someone about his organization, the very
questions I ask give the respondent ideas he never had before.
The very process of formulating his own answers gives him

points of view which he may never have thought of before."
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This is most relevant in the current research, where the author
sought to elicit the thoughts, feelings and opinions of those close to
the CAD systems. This would inevitably cause some of them éo
analyse their own thoughts. In open discussion, they may even

change their opinions in the light of the opinions of others.

It was hoped that having worked at both extremes of the spectrum
would bring its own benefits. A breadth of information would be
obtained from the ethnography, as predicted by Schein (1987), whilst
the elements of the clinical perspective - the probing in particular
areas - would give a quality of data not available to the ethnographer
in those specific areas. However the collection of qualitative data by
these means means that the researcher may affect the validity of the
results of the observation, acting as a "sieve" to collect

non-representative data.

The same can, or course be said about the survey researcher, who

may unwittingly (or wittingly) choose:

“.... questions which correspond to the notion of what is
important and consequently force reality into a preconceived

structure" (Bogdan and Taylor (1975)).

On the the hand, it can be claimed (see Mintzberg (1979a) in

Section 3.3) that a research focus is essential.
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3.5

It was in recognition of these inherent dangers that a multi-pronged
approach was formulated. This would combine participant
observation (system selection) with non-participant observation
(system re-visit) and survey (structured open-ended questionnaire).
Whilst it is accepted that the same bias may run through all three
techniques, the fourth element of ethnography (free-form field notes)

may eliminate some of the risk.

The whole of the information collected by whatever means and from
whatever source would be collated and case studies developed.
These would not be large scale in-depth Single—case stories, but
would be short summaries with sufficieqt depth to enable patterns to
be observed and conclusions to be drawn both within and between

the cases.

Methodological Process

This section describes the actual process used for data collection,

against the background of the approach already described.

All the initial selection work for the companies was well
documented, and this included a description of the Company, its
approach to design and a detailed breakdown of its needs in

CAD/CAM terms.
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Where the Company was already computer literate, this was also
recorded. As the outcome of the original study had been a
CAD/CAM system selection, a short-list of systems was described

and the merits discussed.

In all cases, whether or not a higher level of integration was
intended, the potential for expansion was explored and the potential

benefits listed and costed where applicable.

The potential cost savings were usually included in the réaaning for
eventual implementation, although in most cases a purely financial
justification based on the normal financial measures of payback,
return on capital employed, discounted cash flow etc. was not

possible.
However, the reports were not limited to financial measures, and in

all cases other benefits such as reduction in design turnaround time

were stated and argued.
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The selection reports had been carried out over a period of several
years, and the style had changed in that time, as had the overall
competence of the consultant. The result of this was that the later
cases homed in much more quickly on the selection process itself,
and were higher in technical content. The information peripheral to
the selection process had been reduced to the bare minimum, and

was not sufficiently detailed for useful comparisons to be made.

In order to bring all the information up to the same base level, it
was decided to prepare the questionnaire shown in Appéndix 1. A
“Standardised Research Instrument" had been prepared by Winch
(1988) for interviewing senior manufacturing and engineering
managers and key departmental heads as part of a study into
CAD/CAM implementation. Whilst much of the instrument was
inappropriate to the current research, parts were directly relevant,
and the whole acted as a prompt for some of the more important

issues in CAD/CAM implementation.

The resultant questionnaire covered a great deal of ground. Indeed it
covered all the topics included in one or more of the original 20 case

studies, plus others which had been raised by Winch’s work.
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It was considered important at that stage not to narrow the field of
data collection by being selective with the questioning, but to collect
as much data on as wide a front as was practicable. One of the

reasons for this was essentially practical.

Whilst the relationship with the target companies was good, it would
not be possible or desirable to return to the companies time after
time for further information. A second reason was that at that

stage the "important" issues had not been identified, and a deductive

-

approach was not feasible.

Of the 20 or so original studies, six were selected for further
investigation. Deselection of the companies was carried out firstly
on the basis of geography. Those over two hours’ drive from
Sheffield were discarded. Next, those companies where the
implementation had been influenced to a high degree by external

factors were discarded.

One such Company had substantially changed its product mix, and
hence its design/draughting style since the initial study. One other
had had major problems with the system supplier and had
abandoned the system in favour of an alternative vendor. Finally,
those companies where the consultant or his associates were carrying

out further work were discarded.
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Primarily this was to avoid any compromising of the further work

being done by other consultants, but there was a secondary reason.

Two of the companies were undergoing management training, which
involved some restructuring of teams. Since in both cases this work
involved the design section, the implementation may have been
affected in a way which could not be identified. This was considéred

too high a risk.

The result of the deselection process provided a shortlist” of eight.
This was further reduced to six by discussion with the chief
executives of all eight companies. Two considered that the
information which they may be asked to provide would be too

sensitive commercially, and they would prefer not to be involved.

The six remaining companies formed a good cross-section of the
studies in all respects. One, for instance, was a well documented and

spectacular failure in terms of implementation.
A second was equally spectacular and even better documented, but

had progressed exceedingly well against ambitious targets.

All six had extremely cooperative management teams.
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Without being too particular about definitions or units of measure at
this stage, the cross-sectional nature of the cases can be shown
diagramatically, as in Figure 3.3. Each point on the continua

represents a case.

Implementation Failure o ® a 2 Success
Company Size 0 o o e o g 200
D.O. Size % 0% 8 oo o o 20%
Product Range Small ,4 ¢ o o o Large
Training Level Low e o o o & High
Integration Target Low s FH e o High
Prior CAD Knowledge None e o o $ High

Figure 3.3

Taking the admittedly narrow spectrum of criteria, it can be seen
that the "scatter" across the figure is good, and there is little

bunching.

It is not claimed that these cases are typical in any way of British
industry, or even of small businesses, and as will be argued
elsewhere, this is not important in the present context. The
important factor is‘that the cases appear not to be unrepresentative,
in other words, apart from all being small firms, there does not

appear to be any significant bias, at least on the factors chosen.
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Interviews with the respondents took place over a period of about
eight weeks, some six to eighteen months after the initial CAD study
had been completed, with approximately two half days being spent
with each company. The interviews were structured by using the

questionnaire as a prompt.

The relationship with all six companies was sufficiently good to allow
for unrestricted access to the systems, the management and
operators of the systems and to those involved peripherally in their
implementation. The diversity of the questions being asked made it
essential to interview at least two people at each company. One of
these was always the individual responsible for managing the

implementation.

The second was generally the chief executive, and where necessary a
third member of the management team was involved. The schedule
was used to ensure a baseload of essential data. No time limit was
put on the interviews, and the respondents were encouraged to talk
in general about the CAD/CAM system. The whole of the

conversation was documented by hand.
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3.6 Case Selection and Validity

There are two distinct and conflicting stances on the validity of using
case studies in research. The first is that a single or very small
number of case studies cannot give rise to valid theory, whilst the
second suggests that a single case is adequate. The argument fqr the
former stance is that it is impossible to ensure that a case is "typical’
- that it is representative of a large number of other cases which

could have been used had the necessity arisen.

If we take a numerical analogy we can see that there may be some
validity in the argument. Consider for instance the sequence of

numbers:

2:4:8:16

We can draw relationships from these numbers which would lead us

to believe that a similar sequence starting with 3 should be:

3:6:12:24

86



This is based upon the hypothesis that the numbers are doubled as
they progress. Equally, we could conclude that the sequence should

be:
3:9:27:81

This uses an equally plausible hypothesis that each number is thé
multiple of the previous number and the first number. This is a very
convincing argument against using a single ’case’ for theory building.
If we take this further, and look at the field of statistical andlysis, we
see an emphasis on taking ‘representative’ samples .which are free
from bias, so that the outcome of the sampling procedure can be

assumed to be typical or representative.

The counter argument is overwhelmingly stronger under certain
conditions. Any competent detective will tell you that a crime can
be solved - ie a hypothesis developed - from a single ’case’. This
analogy has been used by many other writers, including Cook and

Campbell (1979) and Yin (1981).
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The "case" in this instance consists of a quantity of information on
motives, methods and opportunities which allows a hypothesis to be
developed which fits the information. Not only that, but where
alternative hypotheses exist, the best one can be selected. If
insufficient data are available then a case cannot be made, ie the

case material is inadequate.

Eisenhardt (1985) favours the multi-case approach which, although
theory generating in principle, includes many of the attributes of
hypothesis testing research such as sampling. She is a proponent of

early identification of the research question and possible constructs.

Eisenhardt’s approach is not without its critics. Whilst her approach
argues for the use of a number of cases, there are many instances of
“classic" case studies involving a single case. Dyer and Wilkins (1991
pp613 ff) cite a number of such cases where the researchers have
tended to focus on the comparisons within the same organisational
context rather than across organisational contexts. They argue that
this approach, which in no way invalidates Eisenhardt’s approach,

can provide a rich description of the social scene.
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They quote:

"Theory that is born of such deep insights will be both more
accurate and more appropriately tentative because the
researcher must take into account the intricacies and

qualifications of a particular context" (Van Maanen 1979).

They continue:

"Those who would attempt to use Eisenhardt’s method" are
necessarily constrained by the number of cases that will be
studied, and descriptions will be rather ’thin’, focusing on surface

data rather then deeper social dynamics".

It is clear that there is some danger in Eisenhardt’s approach that
the research will focus on existing theories. That is not to say that
the single case researcher may not do he same, but it is suggested by
Dyer and Wilkins that the depth of insight in the "storytelling" will

avoid this.
Coming back, then, to the single case study or the small number of

case studies. Hypotheses may be developed from a single case, and

the case does not have to be typical or representative.
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It is not the typicality of the case which is important, but the analysis

of that case. In the words of Mitchell (1983 p200).

"... the features present in the case study will be related to a
wider population not because the case is representative, but
because our analysis is unassailable."

It is therefore not only unnecessary but also pointless to attempt to

find a "typical" case.

-

Where the number of cases exceeds one but is Still small, the
principles above still apply. However, several advantages are opened
up by the second and subsequent cases. As the number of cases
which can be studied is necessarily limited, selecting the cases can be
done to effect. Pettigrew (1988) noted that it makes good sense to
choose cases in which the process of interest is "transparently
observable" - possibly by selecting extreme situations. So far as was
possible, the cases used in this work were selected in such a manner,

as described in Section 3.5.

90



3.7 Case Analysis and Evaluation

In order to generate form from the volume of data generated by a
number of case studies, it is necessary to tackle the analysis
systematically. Eisenhardt (1989) describes a multi-stage process
from case to hypothesis construct. The first step is within-case
analysis, which involves a detailed case-study write-up, with a view to

becoming intimately familiar with each case as an entity.

This is followed by cross-case search for patterns, lookfng at the data
in several divergent ways. It is at this stage that a systematic
approach is needed, such as comparing pairs of cases to highlight
similarities and differences. By taking this approach, some of the

arguments of Dyer and Wilkins (1991) are countered.

Having done the cross-case comparison, there is a further vital stage
to the process. At this point there are likely to be patterns emerging
which may not be present in all the cases. One reason for this could
be that the relevant data may not be available, bearing in mind the
relatively focused data collection method. This need not be a
problem, since the intimate knowledge of the writer of some of the

cases may enable deeper insights into the patterns to be made.
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The analysis and evaluation then takes place in three stages:

Stage 1 : within-case investigation

Stage 2 : cross-case pattern searching

Stage 3 : within-case pattern investigation
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4.0

4.1

CASE STUDIES

This section has been developed to provide a background to each of
the cases involved. It gives general information on the companies,
sufficient for the reader to understand the context of the outcomes
developed in Se;:tion 5.0. It was not considered necessary to include
in this section all the information collated outcome by outcome in
the later section, since this would have resulted in a great deal of
repetition. Section 5.0 can therefore be regarded as an extension of
Section 4.0, in that the cases are only fully developed by reference to

both.

Company 1 : Road Tanker Manufacturer

Company 1 is a wholly owned subsidiary of a large public limited
company. Established in its present site in 1856, it employs about

160 personnel and has a turnover of around £4 million.

The Company undertakes the design, manufacturing and sale of road
tankers, bulk carriers and car transporters using free issue chassis
and also a range of helicopter refuelling tanks. The main customers
are the petroleum industry and the Ministry of Defence. Although
the Company has a standard product range, almost every order
demands modification to the standard to suit customers’ specific

requirements.
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In 1984 the Company had a drawing office staff of nine people
undertaking draughting work and the associated design calculations.
At that time a decision was made to retain a management
consultancy to develop a specification for a computer aided design

system and to select a proprietary system.

The design of road tankers is very calculation intensive. The first
stage is to draw the cab and chassis from the supplier’s data sheets,

and to calculate the centre of gravity of the unit with all the ancillary

-

items attached.

This is done by distributing the load of each ancillary between the
two axles and subtracting the fixed weights from the gross vehicle
weight at each axle to give the tank and payload weight and

distribution.

The centre of gravity and vehicle wheelbase define the ideal length
of the tank, and using the-capacity of the tank the section of the tank

can be calculated.

Several standard sections are available, and the nearest one is
chosen, allowing an actual length to be determined. The tank can
then be drawn onto the chassis, and the positions of its partitions,
manholes and sumps marked. All other detail such as pumps,

run-off pipes and drain tubes are then drawn.
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From the drawing, further calculations are necessary to determine
the number and sizes of sheets required for fabrication, the walkway

length and mass and the centre of gravity of the assembly.

Using the information collated from the drawing a full list of:
components is prepared, and piecepart drawings are done for any

non-standard items and for the tank.

At the time of the Consultant’s report, the Company was installing a
manufacturing control system. This was Kewill’s Micross running on
Extel Hi-net hardware, and it was deemed necessary to provide links

between the manufacturing system and any proposed CAD system.

By November 1984 the Consultant had finished his analysis of the
Company’s requirements and had shortlisted the potential suppliers

for final selection.

The specification called for a three workstation system with capacity
for further expansion. In addition to the normal 2D draughting
facilities, extensive parametric facilities were specified, to allow

designs and calculations to be carried out simultaneously.

This would enable not only general assemblies to be designed, but
also enquiry and tender documents to be produced quickly and

accurately.
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At this stage, the analysis showed that implementation would
produce savings of around 4500 hours per year in draughting time,
and this was broken down into types of design. For example, a tank
barrel taking 12 hours of design and dre;ughting time was targeted at
4.6 hours using CAD. General assemblies were expected to reduce
from 24 hours to eight hours. Achieving or bettering these figures |

would constitute success in implementation terms.

The Consultant’s report was shelved at the end of 1984, and no
further progress was made until September 1985, when the *
Consultant was invited to update the report in the light of changes to
CAD technology. By that time the Bill of Materials module of
Micross had been installed, and the part file was complete. It was
decided that since the BOM was present on the manufacturing
system, it would be illogical to regenerate this on the CAD system.
Instead, parts lists would be produced on the system and passed

electronically to the manufacturing software.

No additional benefits were highlighted by the updated report, and

the indicators of success were unchanged.
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Following the second report, a decision was made to purchase a
three workstation system. Installation was planned for mid January
1985. The Chief Draughtsman was relieved of his normal duties to
enable him to manage the implementation with assistance and advice
from the Consultant. Up to the time of the decision to proceed with
the purchase, the impetus for the project had been from the
Company Secretary, acting on the delegated authority of the

Managing Director.

Whilst the initial investigation had been approved by the Board of
Directors, the instigator had been the Managing Director, who

maintained an active interest in the project throughout.

Towards the end of 1985, detailed discussions took place between
the Company and the suppliers of the CAD and Computer Aided
production Management CAPM software, to ascertain the precise
form of the link between the two systems. In parallel with this, work
was started on writing the parametric program for designing tanker
general assemblies. This was done by the CAD sﬁpplier against a

verbal specification.
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The first implementation plan was developed by the Consultant in
December 1985, updated by the Chief Draughtsman in January 1986
and consolidated into a CAD/CAPM implementation plan by the
Consultant later in January 1986. At about the same time, the CAD
supplier was in the middle of updating from 16-bit to 32-bit
hardware, and this looked likely to cause software problems in file
transfer. It was therefore decided that a well tried and tested 32-bit
machine should be installed, so that the software could be ported

onto the supplier’s own 32-bit hardware when it became available.

-
-.

The CAD system was installed in January 1986, with an agreement
that the supplier’s 32-bit machine would be installed in May 1986.
By June 1986 it was clear that all was not well, and the Consultant

was called in to resolve some of the problem areas.

It was at this point that the lack of formal specification for the
parametrics became an issue. The aspirations of the customer
clearly did not match the comprehension of the supplier, and this

had caused slow progress, bad feeling and excessive costs.
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The Consultant was able to bring the two sides together and
formalise the specification. Further training was also arranged for
the Chief Draughtsman and one other. The 32-bit machine delivery

had at that stage slipped to August 1986.

The Company entered a period of intense design activity during the
summer of 1986, and the pressure to produce drawings led to a
reduction in CAD output. Only one draughtsman was using the
system on a regular basis, and overall usage was only about

70 percent. However, work with the parts listing software was
proceeding well, and the parametrics were being used extensively

and expanded. A revised implementation bar chart was issued.

Changes to the CAD supplier’s customer support structure late in
1986 led to short-term problems of response which caused problems
to the Corﬁpany. This was compounded by the lack of movement on
the 32-bit hardware which had still not been delivered. Changes in
the top management structure of the CAD supplier led to a review
of the hardware policy, and a decision was made to offer a
commercially available system rather than continuing development of
the 32-bit machine. This was accepted by the Company late in

January 1987.
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At about that time the Consultant reported that certain important
elements of system management and housekeeping were not being
carried out effectively, and it was decided that the System Manager
(formerly the Chief Draughtsman) was to be replaced. The
Consultant was retained to oversee the system in the short term until

a replacement could be found.

A deadline of 23 February was set for replacement of the hardware.
By 3 March 1987, the hardware had been installed and was running

well. It had been expanded to six screens. t -

The relationship between supplier and customer had improved
dramatically, the parametric development programme was back on
course, and procedures for operation had been developed. The
Consultants therefore handed back command to the System

Manager, who had not at that stage been replaced.

In May 1987 the Consultant was again invited to intervene, this time
by the system supplier. The problems égain related to the
management of the system, and criticism was made of the

System Manager. With the agreement of the Company, the new
Chief Draughtsman was brought into the picture, and trained in

system operation.
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A minor restructuring of the Technical Department led to the
replacement of the System Manager by the Chief Draughtsman, and

this eliminated the personnel and inter-personnel problems.

Company 2 : Filter Press Manufacturer

Company 2 is a manufacturer of filter presses and associated
equipment. In 1985 it had a turnover of about £3.5 million and

employed 70 personnel. The filter presses range in size from

-

1 metre square up to 2.5 metres square, and are typically used in

collieries for filtering coal slurry.

All orgers are placed on the Company against a formal quotation,
prepared in response to an Invitation to Tender (ITT). Where
insufficient detail is available on the ITT, a site visit will be arranged
to measure up the building or site area and to note any height or
access constraints. Followiné this visit a Press General Assembly will
be prepared. This is drawn to scale, but contains less detail than is
required for manufacture. In addition, one or more plant layoﬁts

will be produced for discussion.
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A site plan may also be drawn, showing the relationship of the press
or presses to the remainder of the plant. Piping diagrams and civil
engineering drawings may be required, particularly for export

tenders.

On receipt of an order, the necessary calculations and drawings will

be done to enable the side-bars to be ordered. The side-bars are the
structures which carry the filter plates and are the main load-bearing
beams. They run longitudinally down each side of the press, and are

usually ordered before the remainder of the design is started since

they are very long delivery items.

A general assembly drawing is often required by the customer, and
this is usually prepared within the first week and sent to the
customer for approval. Whilst approval is awaited, the design work
proceeds, starting with the two end castings and the nut end
fabrication. This is the structure which translates the rotary motion
of the press screw into linear motion for opening and closing the
press plates. No drawings are released for manufacture until the

general assembly drawing has been approved.
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After approval the remainder of the design can be done. Whilst a
press may be significantly similar to a previous design, allowing for
the use of standard parts, there are invariably substantial differences

requiring modifications to existing drawings.

The way these have been done in the past is by taking interprints -
copies on film - which may be modified, leaving the original intact.
This reduces draughting time significantly, and whilst the drawing
quality is not high, it is acceptable for manufacturing purposes.
However, whilst first and second generation films are us‘abI‘e, third
and fourth generation are sometimes produced, and these are rarely
acceptable. At that stage a new drawing is therefore required.
Where no similar drawing exists, or where the degree of similarity to

previous drawings is low, a new drawing will also be created. In 1984

over half the drawings created were films of previous drawings.
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At the time of the feasibility study in 1985, eight draughtsmen were
involved in the design of filter presses and ancillary items under the
control of the Chief Draughtsman. In addition, one designer was

responsible for all contract design and estimating work.

Apart from the filter press drawing office, a separate drawing office
was responsible for the design and draughting of pumps. Unlike
filter presses, standard pumps were generally offered. Approximately

30 standard pumps were available in the range, and each of these

-

could be produced with alternative flanges, flange locations and
electrical controls. About one third of all enquiries required a
special general assembly drawing. Over half of the drawings created

for manufacture were modified films of an earlier design.

A fourth design office was investigated during the feasibility study.
This was at a site remote from the other three, and consisted of two
draughtsmen. On this site, filter plates were designed for the filter

presses.
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The plates, manufactured from either polypropylene or rubber,

required quite different approaches to design. Whereas the rubber
plates were built up from strips of rubber and vulcanised together,
the polypropylene plates were milled from solid polypropylene, and

tapes were required for the Numerically Controlled (NC) router.

The aforementioned feasibility study was carried out in June 1985,
prompted by a need to increase the throughput of the filter press

design office without increasing the number of draughtsmen, which

- -

by that time was giving cause for concern. Not only was the drawing
office overcrowded, but the wide fluctuations in load necessitated the

extensive use of contract draughtsmen who were a scarce commodity.

The Managing Director perceived the introduction of CAD as the
solution to the throughput problem, but accepted that this would not
alleviate the problems of peak demand. The pump and filter plate

drawing offices were seen as a lower priority.
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The report, prepared by Consultants, highlighted significant savings
of the order of 3000 hours in the filter press area following the
implementation of a three-workstation system. Approximately 80
percent of the savings could come from new drawing creation,
making the savings achievable early in the life of the proposed
equipment. No facilities were to be made available for the pump
and contract drawing offices other than occasional use of the main

system. This was seen as a future expansion path.

-

The Company decided that a single workstation should be purchased
rather than installing the full system from the start. Consequently
the workstation was purchased in August 1976. This coincided with
a period of intense activity in the drawing office, and other than
basic training, no significant work was carried out for some weeks.
However, the Censultant was retained on an ad-hoc basis to advise

initially on the structuring of directories and the setting of standards.

The operation of the equipment was in the hands of the senior
designer - an extremely capable draughtsman with vast experience in
filter press design. Unfortunately, his position also necessitated a
relatively high degree of supervisory effort, and responsibility for the

more complex designs.
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Consequently the time available for the CAD system was somewhat
restricted, and the equipment was used for only about 20 percent of

the time.

In order to improve the utilisation of the equipment, it was agreed
that it should be used for electrical schematic design. The
Consultant was requested to prepare a number of electrical
schematic symbols together with data sheets which would form part

of the standards book. The completion of these symbols coincided

- -

with the resignation of the electrical draughtsman from the

Company, and progress was suspended.

From early September 1986 to late February 1987 the single
workstation was used increasingly for the creation of new drawings -
predominantly of pieceparts rather than general assemblies or

fabrications.

No parametrics had been created during that time, although the
need had been highlighted in the original- consultancy report. This
had slowed progress, and the Managing Director was concerned that
the equipment was not being used productively. Consequently the

Consultant was asked to advise.
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Following discussions, it was agreed that the workload of the drawing
office precluded the release of a designer for parametric creation. It
“would therefore be necessary to bring in a contract CAD
draughtsman to do the work. As the system was in frequent use it

was deemed necessary to provide a second workstation.

Whilst the Company was prepared to purchase a second workstation
like the first, the supplier had ceased supply of the equipment,

although it was continuing support. This created two problems.

-

-

Firstly, the original hardware, whilst supported by the supplier in the
short term, would not be supported in the long term. Secondly, the
Company would have two dissimilar pieces of hardware, making
communications between the two difficult. To compound the
problem further, the replacement for the original hardware was still

being developed, making it necessary to supply third party hardware.

The agreed solution to the apparent impasse was to rent the third
party hardware as an interim measure until the replacement
hardware become available. At that time the Company would be
offered the new ‘hardware at a discount to allow for the rentgl costs,

with an option to sell back the old hardware.
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At the end of March 1987 the rental machine was delivered and
communications with the older machine were established to enable
drawings to be passed between the systems. A contract designer was
set on with a programme of work covering seven sets of drawings

over a three month period.

In April 1987 the problem of the hardware upgrade came to a head,
and the Consultant was called back in to help resolve the situation.
Discussions took place between the Consultant and the supplier. At
the same time a review of the systems and procedures in the
drawing office was undertaken. This review found a number of
major changes since the previous study, and a number of areas of

concern around the issues of CAD implementation.

In the six months since first implementation, the only standard
symbols were those which had been created by the Consultant in the
early stages of implementation. Usage of the first machine had been
ad-hoc and infrequent, with a utilisation of only about 20 percent.
No pattern of usage could be identified in terms of the draughting of
similar or families of parts. Only one draughtsman - the senior
designer - was competent in using the system. Although two others
had had basic training, they had not used the system sufficiently to

become fully efficient.
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The other major change had been introduced gradually by the D.O.
Manager, who had not been trained in the use of the system and had
remained uncommitted to its success. This involved extension of the
use of interprints - film copies of original drawings - which could be
modified, albeit at a low copy quality. This had produced a low cost,
if short-term alternative to the CAD system, and had negated many

of the potential cost savings.

As a result of this investigation, a decision was made not to proceed

-

-

with expansion of the system. The second, rented machine was

taken out, and the contract draughtsman’s work was abandoned.
Virtually all progress was suspended by the end of May 1987.

Eighteen months later, the equipment had been relegated to the

production of charts and tables, and no drawings were produced.
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Company 3 : Cast Fibrous Product Manufacturer

Company 3 casts fibrous plaster products, mostly for the building
trade. Part of a small group of companies in a variety of different
but related types of business, the Company is itself spread across
several sites, all within a five mile radius, with each site being

responsible for a part of the product range.

The products of the Company fall into two broad categories.
Standard mouldings are made to stock and are sold from an

extremely extensive catalogue of architectural mouldings.

Specials, on the other hand, are made to order. They may be
variants on a standard moulding or may be quite different from
anything tackled previously. For instance the Company may be
asked to produce a length of cornice to match that existing in a
building, or may be asked to tender for a complete ceiling scheme.
Standards and specials can be supplied and fixed by the Company,

but the majority of sales are supply only.
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All design and draughting work is carried out by a single designer
who is responsible for both the commercial and the domestic work.
His experience and knowledge are fundamental in producing designs
which are both aesthetically pleasing and easy to manufacture.
Domestic design and draughting is relatively simplistic, often using
one or more of a range of standard mouldings from the extensiye
catalogue. These mouldings include cornices, niches, columns and

arches.

Whilst the catalogue defines the shape and size of stand.ard‘
mouldings, it is not unusual for a customer to ask for a pictorial
representation of his precise application. This activity is not
complex, but is very time-consuming and may involve several

iterations before an acceptable design is achieved.

Much of the domestic work is strictly two dimensional, even though
the parts themselves are three dimensional. However, there is an
occasional requirement for an isometric or perspective
representation, particularly for new designs or "specials". This may
involve freehand sketching of capital architecture or other sculptured

surfaces.
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Drawings are prepared at two levels - pictorial for customers and
dimensioned detail drawings for the workshop. The manual system
of design dictates that this involves the creation of two separate but

substantially similar drawings.

The commercial contract work is quite different from the domestic
work in both style and size. Typically, four or five projects are live
at any time, varying in size between £40,000 and £300,000. Examples

of commercial contracts are shopping malls and large suspended

-

ceilings.

The first stage of design on receipt of an architectural drawing, is the
production of a layout. If ceiling work is involved, as it usually is,
the layout will be done in floor-line reflection, usually at a scale of
1:50 or 1:20. The layout defines the shape of the various ceiling
panels, all of which may be different by virtue of the lighting
requirements, but many of which may be substantially similar and

may be created eventually from same mould.

From the layout a fixing drawing is created for the fixing team.
These drawings are often at a different scale from the layout, and
therefore cannot be traced. From two sets of drawings the panel

construction drawings are created.
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Each panel requires a drawing, but there are usually many
similarities between the drawings. From the panel drawings, detailed
workshop drawings are created. These are fully dimensioned to

allow the moulds to be built in the workshop.

Again, there is strong correlation between the drawings, and many

features which may be picked up from the higher level drawings.

A number of serious pitfalls cause problems at the design stage. The
first is that the single designer working on five projects r.un; the risk
of making mistakes particularly when dimensioning a drawing which
may have been created some time before. A second is that the
continual redrawing of panels may lead to errors of transcription

which would then be perpetuated.

A third problem is that when a feature is changed on one drawing, it
may need to be changed on several others. Failure to do this would

cause problems later.

In addition to the shopping arcade type of work, two other types are
worthy of note. The first is upgrading work, where mouldings are
required to replace or match existing mouldings. In this case site

drawings are usually created as a result of a site survey.
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Items such as replacement ballusters need to be drawn full size for
the benefit of the moulding shop, whilst cappings are drawn to scale
and fully dimensioned. Typically this requires at least two redraws

of part of the site plan.

The second type of work, which is relatively infrequent, is the
free-space drawing of ceiling panels, usually for domestic
applications. This type of work is creative, involving many sketches
and partial drawings before the final drawing is created. One
example of this type of work involved drawing a quarter -of the panel

onto A0 paper, then copying it three times for layout purposes in the

workshop.

In August 1988 the Managing Director became particularly aware of
a number of problems. Firstly, the designer was working excessive

overtime, to the extent of working every Saturday and a minimum of
eight additional hours during the week. It was thought that this was

having an adverse effect on his health.
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The second problem was that the designer was working on anything
up to ten projects at the same time, and this was causing inefficiency.
The pressure of work was also leading to drawing errors, and
although they were generally of a minor nature, the risk was growing

that an error would occur on a major project.

As a great deal of the work consisted of redrawing all or part of
each design, perhaps at a different scale, the Managing Director
decided on two lines of action. He seconded a junior draughtsman
to the designer to take on some of the workload, and he. retained a
consultant to investigate the feasibility of implementing Computer

Aided Design.

The parameters of the system, as defined by the Managing Director

WEre:

a) it should be a single workstation capable of being expanded and

networked at a future date.
b) it should be capable of being used by a fully trained CAD

draughtsman for the creation of drawings, but should be simple

enough for the casual user to access and plot drawings.
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¢) it should be capable of creating parts lists for complex designs
and passing them to a future manufacturing computer as yet to

be specified.

d) it should be available in a reduced cost version so that agents
throughout the country could produce draft designs and pass
them to the manufacturing unit for checking and costing using

modem links.

e) it should provide links to other CAD systems using recdgnised
protocols to enable site plans to be ported onto the system from

architects’ systems.

The consultant’s analysis was concluded in September 1988, and a

number of points were raised by the report.

The nature of the design task within the Company precluded the
need for a link between the CAD system and a manufacturing
system. The main reason for this was thaf the cost of a contract was
closely related to the time taken to construct the necessary moulds

and the time taken for fixing on site.
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Neither of these estimates was produced at the design stage or by
the designer, who took no part in the job costing. In addition to this,
the parts list was limited to fixing hardware only, since the cost of
raw materials for the panels was insignificant. As the fixing
hardware was rarely drawn, the automatic creation of parts lists was

inappropriate.

The Company had not considered the use of parametric
programming, although this was seen to be essential by the
consultant. The repetitive nature of the domestic work and the
amount of "same as-except ..." work offered excellent savings for

simple parametrics.

A survey of the CAD facilities used by major customers and other
architects and specifiers showed a need for DXF, IGES and SIF

(Intergraph) exchange protocols.

A database facility was deemed to be essential for several purposes.
The time lapse between initial drawing creation and final
manufacture could be considerable - often several months, and it was
seen as essential to find the drawings quickly and easily. Changes to
a feature on one drawing often led to changes on several others, and
the database would give the ability to provide cross-references to

reduce the risk of errors.
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A system specification was created for the CAD software, and four
suppliers were invited to submit tenders for turnkey systems. A
cost/benefit analysis on the preferred system showed that it could
not be justified purely on the savings likely to be achieved, and that
other factors such as fewer errors and more rapid throughput would

need to be considered.

Following several demonstrations of the software and informal

benchmarking, a system was chosen, and the Company went ahead

-

with the purchase of a single screen system.

The first few months of operation were extremely difficult for the
Designer, who still had to cope with his manual systems whilst
transferring some work to the CAD system. Had it not been for a
fall-off in ordc;rs at that stage it is likely that the pressure would have

suspended work on the CAD implementation.

The Designer took advantage of the three days of training offered,

and this enabled him to become productive very quickly.
Within six months, approximately half of the new contract work was

being done on the system, and savings in time were being observed,

but not evaluated.
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The Designer and his draughtsman were both able to use the system
proficiently, and often shared projects. At that stage no attempt had
been made to download from other systems, and only very simple
parametrics were being used, predominantly for domestic work. The
database had not been implemented fully, although full drawing
records had been maintained. Overall, the drawing office was less

pressurised and a much more comfortable environment.

Two years on from the implementation, the picture was quite
different. Two systems were being used, sharing the comrion
database and peripherals. Several drawings had been downloaded
from customers’ systems, with few problems, although it had been
necessary to borrow additional hardware in one case to overcome
apparent problems with disc formats. The ability to download had
provided an additional and unexpected benefit that the Company
was able to return the layout drawings to the customer electronically,

speeding up the acceptance process.

Several more parametric drawings had been created, some of them

quite sophisticated, but virtually all were for domestic work.
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No agents had been persuaded to buy the necessary systems to
create designs locally, and no attempt had been made to link the

systems to the manufacturing systems.

It was clear that the systems were being used in preference to:the
drawing board wherever possible. An occasional 3D drawing was
created on the system, but generally these were still done on the

board or freehand. The system was nevertheless a success in the

eyes of the Directors and the Drawing office.

4.4 Company 4 : Refrigeration Engineer

Company 4 was founded in 1976 to provide a refrigeration service to
the fishing industry. This involved the provision, installation,
commissioning and servicing of fish freezing and ice-making
equipment on trawlers. Some years after its launch the Company
took over an ailing manufacturer of ice-bank equipment. Unlike the
ice-makers and fish-freezers, ice banks could be used in a variety of

non-fish applications such as vegetable chilling.
At the same time as the takeover, the Company invested much

money and effort in the development of a range of modular

equipment for water chilling, moist air production and ice making.
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These machines all had refrigeration technology in common, and
were conceived and designed by the Managing Director. The design
work and prototype testing of the machines was completed, with
external help from a Value Engineering Consultant in late 1986, and
the Company embarked on a period of non-developmental

consolidation.

Having taken the time and trouble to design the products in modular
form, it was clear to the Managing Director that the design effort in

the immediate future would be limited to modification of the existing

design to provide variants.

For instance in the case of shipboard fish freezers, the freezing
capacity would be satisfied by installing a number of standard
freezers, all of which would have a known capacity and would stand
alone. No central freezing plant was necessary, and a breakdown
would affect only a fraction of the freezing capacity. However, the
freezing requirements of a trawler would depend on a variety of
factors, including the type of fish to be frozen, the expected
maximum catch rate, the seawater temperature range (seawater is
using for condensing the refrigerant) and, not least, the space

allocated or available for freezers.
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All these factors would have an effect on the design of the freezer -
the number and size of plates, the size of the compressor and

condenser etc.

A similar situation appertained for the ice-making machines. These
were capable of producing a continuous supply of dry, thin ice, an
ice/water mix or iced water, depending upon the requirement.
Again there would be a variation in demand for different
applications, necessitating design changes. These changes would,

because of the modular nature of the units normally be minor.

It was the expectation of repeated modification work that caused the
Managing Director to consider the use of Computer Aided Design,
and in July 1987 a consultant was retained to select a suitable
system. Links with other computer based systems were not seen to

be necessary at that stage.

At the start of the project in late July 1987, the Company had some
250 drawings varying in size from A4 to A0; and no fewer than three
drawing number systems. In addition, many drawings had no

reference number and some were without title or date.
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The drawings were held in mixed sizes in a horizontal storage unit,
and some were being damaged. In short, the drawing office
housekeeping was poor. On the other hand, however, a very
effective seven-digit part numbering system was in use, and this

system had been followed to the letter.

Most of the drawings were A4 or AO size, and the vast majority were
orthographic. However, about 12 percent of the drawings were
isometric drawings of structural frames. These were fully
dimensioned and in most cases equivalent orthographical drawings
did not exist for the units. Many of the drawings were at a second
or third issue, and almost ten percent had been redrawn at some

stage.

At the time of the study there was no full-time draughtsman
employed, and the Managing Director was acting as designer and
draughtsman, creating the bulk of the design concepts and many of
the drawings. Other drawings were done by an engineering

postgraduate on temporary placement at Company.
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With each project taking around 150 hours of drawing time, this was
causing problems for the Managing Director, and a major benefit of
a CAD system would be to relieve him of the draughting task. His
intention at that stage was that he should develop the designs on the
system, and employ a draughtsman to take the designs through to
full working drawings, again on the system. The draughtsman would

also be able to create variants of the design.

It is important to note the design philosophy of the Company, which
is based upon the principle of offering a range of standard i)roducts
within each product group. For instance only one plate freezer was
designed, but a range of variants on this one design gave a family of
seven different sizes of plate freezer. At the start of development,
the decision was taken on which sizes to produce, and these were

offered as standards.

All the design and development work for the whole family was

completed prior to offering the unit on the market.
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This principle relies upon an extremely good knowledge of the
available market, since there is a risk of losing orders for units not in
the standard range. The benefit, however, is that the market is .
manipulated to a certain extent into accepting one of the wide range
of standards offered. Since the designs and working drawings-are
available, the lead time is very much shorter for a standard thaq for
a special, and requirements for units outside the range are rare.
Some minor layout changes may occasionally be required, and

ducting and pipework is generally specific to a particular trawler.

-

A specification to the CAD system was developed during August and
September 1987. The prime software requirement was to speed up
the generation of families of parts, by using symbols and parametric
programs. In view of the relatively small number of designs created
in the average year, a single workstation was considered to be
adequate, with the capability of networking systems were not
computerised at that stage no links could be developed in that
direction. However, it was agreed that this would be desirable in the
future, and that the target would be a linked system creating parts

lists.
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It would have been impracticable to load all the existing drawings
onto the system, and it was decided that only the latest design - the
fish freezer - would be loaded, allowing for modifications as

necessary.

A cost/benefit analysis was carried out by the consultant, which
showed a payback of around six or seven years. In purely financial
terms this would not normally have been acceptable, but there were

additional factors which influenced the decision to purchase.

-
-

The main factor was that much of the time to be saved was that of
the Managing Director, and as this was a high priority, the payback

argument was overridden.
A second factor was that a variant for a particular trawler or type of

fish could be generated very quickly and accurately, reducing overall

lead times and making costings much more accurate.
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The estimated reduction in drawing time was very significant,
amounting to some 120 hours of actual drawing time. Adding the
traditional checking of the drawings gave a further saving of 40
hours. The total represents some four weeks of concentrated effort,

or six weeks of elapsed time for a draughtsman.

This was seen as a major advantage in gaining orders for trawlers
undergoing a refit, since a significant part of the refit cost is
associated with lost revenue from time out of the water. A supplier
who can design, build and install shipboard equipment (;n or ahead

of schedule can therefore make significant cost savings for the

operator.

A database package was specified as part of the software for two
purposes. Firstly it would allow drawings to be accessed, modified
and grouped easily and quickly. Secondly, and more importantly, it
would allow records to be held for each installation by trawler name.
Any subsequent work or repairs could therefore be planned in

advance in full knowledge of the installed equipment.
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Following the development of a detailed system specification, five
systems were considered in detail; three selected by the Consultant
and two for comparison purposes with which the Managing Director
was familiar. An informal benchmark was set up to enable each
supplier to demonstrate his offering to the full, including parametric

design and database facilities.

Four demonstrations were arranged, and a clear leader was
identified and examined in further detail. It proved to offer a
remarkably close fit to the needs of the Company in the short and
long term. A whole - life costing of the system also showed it to be

the cheapest of the five.

Following the demonstration and final selection, nothing further

happened for about a year until August 1988.

At that time the systems were again reviewed, and a single screen
system was purchased. A young graduate was employed by the
Company to implement the system and to load the latest desi-gn. He
and the Managing Director were both trained to the basic level by

the vendor.
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Progress on the system was slow, partly because of pressure of work
in other directions, which left the draughtsman with insufficient
screen time to do justice to the task. This situation continued until
the end of 1988, when the draughtsman left and an experienced

designer was taken on who had previously worked for the Company.

Whilst he was an extremely competent refrigeration designer, he had

no CAD experience, and even with the basic training he was very

-

slow to get into the system.

In February 1989 the Consultant was invited to review the system
and make recommendations. At that stage the dexterity of the
designer on the CAD system fell well short of that of the previous
draughtsman. Whilst the whole of the freezer had been transcribed
onto the system it was not being used to its full potential, and as an
electronic drawing board it was taking longer to create designs than

the manual method.

The first action taken was to provide the designer with a refresher

course. This had two effects.
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Firstly it increased his speed by reinforcing technique. Secondly, it
gave him more commitment to the system, and he was prepared to
make it work rather than fighting it. The second action was to have
a number of parametric designs generated by the vendor. Whilst
these could have been done by the designer, it was considered: by
everyone concerned, including the designer, that he had insufficient

time to do justice to them.

Within three months things had changed dramatically so far as the
CAD system was concerned. It was now creating drawir;gs at the full
target speed, and rﬁost of t.he planned benefits had been achieved.
The database was the one weak link, and had not been used to the
full.

Records of installations were still maintained manually, and since the

number was very small it was not considered to be a problem.

By August 1989 all the targets for productivity had been met. The
Managing Director had virtually stopped working on the drawing
board and spent little time on the system. In all respects the

implementation was regarded as a success.

This continued to be the case for about twelve months, when the

Company was liquidated because of a shortage of orders.
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4.5

Company 5: Municipal Furniture Manufacturer

Company 5 is a long established manufacturer of municipal furniture
including lighting columns, bus shelters and fencing, plus a range of
street furniture. It employs about 160 people and turns over
approximately £7 million, of which columns, shelters and fencing

represent a very large proportion.

In September 1987 the Works Director decided to obtain the
assistance of a consultant in the selection of a computer aided design

system. The reasons for the decision were twofold.

Firstly, the designs were recognised as being, to a great extent,
variations on a theme. The columns, for instance, not only looked
alike but also fell naturally into about six families, within which the
main variation was size rather than structure. Secondly, the
Company had recently installed MAAPICS - a manufacturing control
software - on an IBM System/36, and was eager to simplify the

procedures for creating bills of materials for new products.
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At that stage the Company had had no exposure to Computer Aided
Design, although some departments were computer literate, having
worked with Computer Aided Production Management (CAPM)
software. A consultant had been retained to implement the CAPM
system, and it was decided that he would manage the integration of
CAD and CAPM. It was therefore necessary that he should work

closely with the consultant selecting the CAD system.

Orders for lighting columns can be as simple as a single standard
catalogue item or as complex as a complete lighting scheme for a
goads yard or football pitch. For the latter, the lighting engineer
uses a purpose written lighting design system running on a Hewlett

Packard (HP) 9000 Personal Computer (PC).

This is used to calculate the lighting requirements, positions and
types of lanterns. A plotter is used to produce a hard copy of the
footprint of each lantern. The structural engineer uses this
information together with details of terrain, type of column (raise
and lower, fixed, etc) and bracket style. Using a similar HP PC he

will check the suitability of standard products.
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If a non-standard is required, he will set the design parameters using
pre-calculated stress limits, and specifying one or more of the 18

stock materials.

All the above work is necessary in order to prepare a quotation, and

a drawing of the scheme is generally required by the Client.

When an order is received, a works order is issued, and the drawing
office is required to produce detail drawings and parts lists. If the
product is simple, the parts list may be put on the drawi}lg,‘otherwise
a separate list is produced. The draughtsman is responsible for
selecting the parts and materials to be used from a list of around

14000 materials, components, sub assemblies and finished items.

In most cases, a draughtsman will be fully responsible for an order,
including drawing production, parts listing, customer liaison and

preparation of the erection specification.

Shelters, fences and other similar items usually only reach the
drawing office when an order has been placed, and are processed in
the same manner as columns. Once the drawings and parts lists are

complete they are passed to the planning department.
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Here, the drawings are "exploded" to component level, and material
lists and route cards are prepared. Production control are then
involved in scheduling the jobs, issuing manufacturing instructions to

the works and progressing the jobs.

Even on non-standard jobs there are many standard or near-standard
items. On columns these would include raise and lower gear, door
and door openings, base sections, electrical instructions, spigots and
brackets. Shelters, which are built up of modular sections are much
more standardised, but need variations for the terrain or for
non-standard lengths. Even on the non-standard section, many
standard components will be used, such as roof sections, ground
fixings, seating, frames and municipal logos. Fencing is also
modular, and any variations in length are normally taken up in the
end panel, which is often a scaled-down standard panel. Other
products such as bollards, litter bins, "olde worlde" lighting and toilet
blocks are generally standard and require no drawing office

involvement.

A detailed system specification was developed by the consultant to a

level at which vendors could be invited to tender.
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The first stage was to be very modest, with two workstations sharing
a plotter and with common files. This would allow the creation of
drawings up to Al size and the generation of parts lists from those

drawings.

Very quickly, a second stage was to be targetted whereby the files
generated by the structural design system could be imported for
incorporation in parametric drawings. A third stage would allow the
parts lists to be delivéred electronically to the IBM System/36
where they would be converted into BOM structures. T.his‘was to be
done using an intermediate IBM/PC for data validation and transfer

purposes.

In addition to preparing a specification for the CAD system, the
consultant made recommendations on the elimination of a number

of barriers to effective systems integration.

The structural calculations for columns were written in BASIC, and
were incomplete in that they did not cover the full range of columns
designed. A decision had been taken to update and expand these
programmes, and they were being rewritten in PASCAL. This was
seen as a misguided decision, since the programs were very simple,
making BASIC adequate, and there was no in-house expertise in

PASCAL.
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A more useful approach would be to create the structural programs
as parametrics on the CAD system. This would, of course, cut across
one of the Company’s traditional barriers, moving much of the

structural work into the drawing office.

Creation of parts lists had always been the responsibility of the
drawing office, although material lists and routings were produced by
the planners. If the CAD and CAPM systems were to operate
together, there would be a need to redefine the roles of the
designers and planners, and to make inventory data available to the

designer to facilitate part standardisation.

The consultant presented his report in early December 1987, and a
number of further questions were raised by the Company regarding

the communications between the proposed systems.

Following clarification of the issues, demonstrations of the selected
systems were set up. These initial demonstrations were somewhat

informal, and no benchmarking was carried out.
The Company was, however, happy to select one of the suppliers,

who was invited to proceed with further developments to prove the

feasibility of linking to the CAPM system.

137



This was to be done jointly between the Company’s CAPM
consultant and the CAD vendor, although no formal specification

had been written for the link.

By July 1988 there were clearly problems in proving the
communication link to the satisfaction of the Company, and the
CAD consultant was invited to intervene on behalf of the Company

to resolve the situation.

The problems were found to be of a technical nature, alihoﬁgh not
sufficiently complex to have warranted a six month delay. The
vendor promised an early solution, and this was accepted by the .
Company. By mid August, however, the situation had still not been
resolved, and the CAD consultant again intervened and
independently developed a formal communication link. This was
presented to the vendor and the Company in late August and the
link was demonstrated to the satisfaction of all parties in mid

September. This removed all the obstacles to the system purchase.

Demonstrations were controlled at each stage by the Works
Director, although he was not always present. It was he who had the
final decision on acceptance or rejection, and he insisted on all

aspects of the justification being demonstrated.
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Implementation of the system was the responsibility of the Drawing
Office Manager, although he delegated much of this to the Chief
Draughtsman. When the DO Manager left the Company part way
through the project, the new DO Manager picked up the project and

much faster progress was made.

Within nine months all aspects of the initial criteria for success had

been achieved, although the use of parametrics was still limited.

The DO Manager claimed to have achieved the major targets in 3-4
months, and apart from the parametrics saw the project as a total
success at that point. No action had been needed other than that

originally planned to achieve the success.

The structuring of BOMs had been brought into the DO at an early -
stage by importing a planner. He passed on his skills to the
designers so that they could develop structures, and in the process

became a designer himself.
Plans are now well advanced for producing an open system, which

will also incorporate the facilities for plasma cutter generation and

the necessary CAM links.
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4.6

Company 6 : Aluminium Window Manufacturer

Company 6 is a private limited Company formed in 1966 as a

designer and installer of shop fronts.

Over the years, the scope has widened, and now includes curtain
walling, security screens, commercial windows and ground floor
treatments. The Company is on two sites about 180 miles apart,
with about 110 employees in total and a combined turnover of
£4 million per annum. Approximately three quarters of the

employees are on the larger of the two sites.

The Company’s customers are predominantly specifiers, local
authorities or architects, who place contracts varying in size between
£5,000 and £150,000, with the bulk being up to about £50,000.

Typically 10 to 20 such jobs are concurrent in the factory.
The products are manufactured from extruded aluminium alloy
together with castings and fittings as required. Most of the

extrusions are designed in-house, as are many of the castings.

Fittings such as handles and locks are usually proprietary items, and

are often specified by the customer.
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The majority of contracts require full drawings, with only about five
percent needing an elevation drawing only. The number of standard
parts and the repetitive nature of much of the work led the Company
to consider the use of Computer Aided Design in the creation of

designs and parts lists.

Each contract is usually completed by one designer. The format of
the drawings changes only in scale and complexity, but there is

inevitably an elevation, one or more plan views and a number of

-

sectional details. The elevation is generally pictorial, but is used at a

later stage to produce a cutting list for the extrusions.

The sectional details are built up from standard sections and are
extremely repetitive and tedious to produce. An earlier experiment
to build np sections from pre-printed self-adhesive section drawings
was abandoned because of the cost of producing the self-adhesive

film.

Copies of drawings are submitted to the contractor for checking and
amendment as necessary. On their return the originals are amended
and copies are resubmitted if necessary. Once they have been
agreed, a surveyor is sent out to measure up the actual dimensions of
the site, and the drawings are again amended to take into account

the precise dimensions.
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It may be necessary to reissue the drawings to the contractor at this

stage, before they can be released for production.

From the drawings, four cutting lists are prepared for the materials.

These are:

*  perimeter materials and windows
* doors
*  components for assembly : shop

*  components for assembly : site

The final task is the preparation of shop drawings. These include

pressed metal, brackets and section drilling details.

If any stress analysis is required, for instance for wind loading on

curtain walling, this is done by the local University.

The Company has developed its range of products based on standard
items. There are 12 standard shop-front dra;lvings, each of which
may have single or double doors, side and top lights. The range of
sections shown on these drawings is very small, and the elevations
within a standard are substantially similar although variable in
overall size. In addition to the standard shop fronts, non standards

may be constructed, using the 30 extrusions.
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Windows are built up in bays, with up to five sections per bay. Each
section may have fixed glass or all or part of it may have a side or
top hung opening. The drawing of windows is therefore extremely
repetitive. Window drawings contain significant amounts of text
detailing the closures and furniture. The elevations call up standard
sections by sequential number, and these are drawn on

supplementary sheets.

Curtain walling consists of large areas of glass or infill panels,
several storeys high. The drawings show a matrix of rectangular
bays, which contain windows or panels, some of which may be

openers. Each transom and mullion is numbered and referred to a

section on a separatc sheet.

The wall matrices are full chain-dimensioned, involving a high
degree of over-dimensioning. Each transom and mullion is drawn on
a separate drawing, showing the cutting and machining details and

the stud fixing positions.
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The Managing Director in conjunction with the Chief Draughtsman
and Project Manager had identified the potential for CAD in the
drawing office. Therefore he retained the services of a consultant to
carry out a survey and select a suitable system for use at the larger
of the two sites, with expansion to the other site at a future date.
The survey was carried out in September and October 1988, and the

consultant presented his report in November.

The report identified the main requirements of the software and

hardware. In software terms the requirement was complex.

- Whilst to produce pictorial elevations and sections by symbol
building and step-and-repeat was straight forward, translating these
images into cutting lists was more complex. The problem was
exacerbated by the need to overlap adjacent lengths of aluminium
extrusion used to make up a section, so that a joint did not go right
through the section. It was clear that a significant amount of editing
would be required prior to creating a cutting list. This editing would

need to be done on the graphics rather than on the parts list.
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The report identified the principles behind this method of drawing
construction, but in order to produce a meaningful benchmark a
small committee was set up to develop the methodology further.
This committee brought together the designers, draughtsmen,
planners and buyer, and turned out to be the first phase of a

company-wide consultative and implementation process.

The benchmark developed by the team was explained fully to two

vendors, together with the reasoning behind the techniques, and each

was given time to prepare a demonstration. From this

-

demonstration a clear front-runner was identified, and asked to
quote for a two workstation system. The system was to have the

capability of sharing files between the two screens.

In order to cut down on the amount of lost time in the drawing
office, the vendor was also asked to quote for the loading of
extrusions and sections and the construction of three simple

parametric designs.

The system was installed as specified, and three draughtsman were

trained by the vendor. Over the next three months the other three

were trained initially in-house but with some input from the vendor.
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The symbols for sections had been created prior to installation, but
significant changes were needed to these over the first two months of
operation, taking up the time of one of the draughtsmen and one
screen full time. The parametric designs were more successful and
needed only minor changes taking just a few days. As a result; one
of the screens was operational and doing constructive work within
about a week of installation. This was clearly insufficient for the
throughput required, and manual systems were retained for the more

complex schemes.

A review of the system was carried out in August 1989, six months
after the decision to purchase had been made and five months after
iastallation. At that stage some of the shop fronts were being
designed using parametrics, and further parametrics were being

constructed to extend the range.

Windows were nearly all done by a combination of parametrics and
symbols. Curtain walling schematics were being generated by the

use of grids, which reduced the draughting time by almost two thirds.

The database had been set up to allow schematics created at the
tender stage to be archived and recalled for manufacture. This was
working well. No progress had been made on the specialist software
required to create cutting lists from the elevation drawings, and it

was decided to bring the vendor back in to review this.
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A further six months passed before the software was sufficiently
robust to produce cutting lists for windows and the simpler curtain
walling. At this stage the Company considered that it had exceeded
its reasonable expectations as declared at the concept stage, although

it now saw ways of moving to further levels of integration.

One of the major features of this implementation was the rapid
turnover of CAD draughtsmen over the first two years, which

remains unexplained. The working conditions were good, and

-

qualified people were easily acquired to replace those lost.

One of those who left returned within two months for the same

salary.
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5.0

OUTCOMES AND PROPOSITIONS

5.1

5.1.1

Case Study Outcomes

Level of Integration

It was established in Chapter 2 that integration is a continuum with a
well;defined bottom end of no integration and an ill-defined or even
moving target upper end which we can call "full integration". This is
not particularly helpful when defining the point on the confinuum
which a Company has reached, and it is necessary to make some
(arbitrary) sub-divisions, on similar lines to Waterlow and Monniot
(1986 p'Z). Meredith and Hill’s (1987 p52) four-level model is not

sufficiently precise for a detailed study.
For the purpose of this investigation, six levels of integration have
been identified, each of which has a fairly clean-cut break to the next

level. These are described as follows:

Level 1 - Electronic Drawing Board

This is a single stand-alone design, draughting or numerical control
system which may be linked to non-active peripherals such as printers

and plotters.
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It is also used to describe multiple systems where they are not linked
electronically, even when files may be shared by the exchange of

magnetic media.

Level 2 - Linked Systems with Common Database

This is the first step on the integration ladder. Two or more systems
are linked electronically such that each may read from the common
domain files of the other and, given the necessary access, write to
those files. The systems are still, at this level, used only for design

and draughting work, whether in two or three dimensions.

Level 3 - Linked Systems Creating Parts Lists

A second category of software is invoked, which can interrogate a
design to produce a simple part listing. This listing may require to be
edited prior to use, depending upon the CAD software used and the
creation method for the listing.

At this level, one system can be used to create parts lists for

accessible files on the other system(s).
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Level 3a - Linked Systems Creating Numerical Control (NC) Files

At this level, a design is created which may then be passed to NC
software for profile generation. To reach this level, design software
must be linked to NC software, ie it is insufficient to have two linked

NC systems, which would be classed only as Level 2.

One system must be capable of accessing CAD files on the other for
NC generation, but it would be acceptable for only one of the systems
to have NC capability. The systems may be linked to other aon-active

peripherals such as tape punches or magnetic tape drives.

Level 4 - Linked Systems Creating Bills of Materials

This is an extension of Level 3 in that the parts list, generated from
the drawing, can be extended to produce a full Bill of Materials. This
requires access to a third category of software - a database - in which
full stock information may be maintained, including supplier
information. 'fhe Bill of Material (BOM) software requires the -
ability to produce part structures which show the inter-relationships

between parts.

At this level of integration we have broken through a traditional

barrier between Design and Production Planning.

150



Level 4a - Linked Systems Linked to NC Equipment

This level is an extension of Level 3a in that once a profile has been
designed, tools have been chosen and toolpaths have been defined
and proven, the cutting data can be passed electronically to the:NC
equipment without producing hard media such as cards or tapes. ‘An
extension to this which is not to be considered further in this work is
the addition of automatic gauging which can be used to adjust tool

offsets to compensate for wear.

Level S - Linked System to Computer Aided Production Management

(CAPM) System - One Way

Having produced a structured Bill of Materials the next step is to use
this in a CAPM system for the creation of costings, production

planning and materials requirements planning (MRP).

Data are transferred electronically from the BOM files held on the

CAD equipment, usually into transit files on the CAPM system for

validation prior to use.
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Level 6 - Two-way CAD/CAPM Link

The problem with a Level 5 implementation is that it requires parts
information to be held on both the CAD and the CAPM systems,

which is problematic when changes have to be made.

Level 6 avoids the need for this by allowing the CAD system BOM
software to access part files on the CAPM system, create structures
and send the structures back to the CAPM system. Flags can be used
on the parts file to identify those items which are not available in

graphic form on the CAD system.

This level is the highest one would expect to find in a Small to
Medium Enterprise (SME) in the UK in 1991, although Op;:n
Systems are becoming more acceptable to other than the very large
firms. One would expect a Level 6 implementation to be keyed in to
external access points such as purchasing and supply and sales order

entry.

Table 5.1 puts the six case studies into the context of the six levels of

integration described above.
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Case Initial Interim Target

Level Level Level

1 2 3 5
2 1 - 2
3 1 1 3(note 1)
4 1 1 2
5 2 4 6
6 2 3(note 2) 3(note 2)
Table 5.1 -0

Notes 1) The target was to have parts listing on one system and

draughting on each of two with floppy disc transfer.

2) Cutting lists were also created.

The Initial Level corresponds to the first hardware configuration
purchased by the Company together with the software implemented
within the first two months.The interim level is that reached in the
first phase of operation, and usually corresponds to an elapsed time of
12 to 18 months.The Target Level is that declared as a long-term

objective prior to implementation.
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5.1.2

Implementation, like integration, is a continuum, along which
companies move. Three of the six companies have reached or are
approaching their target level of integration within three years of the

initial purchase, as described in Section 4.

Computer Knowledge Base

It is possible that the degree of success in implementing CAD systems
relates in some way to the prior computer knowledge base of the
Company. In other words, where computer systems are in full and
free use within the Company we may expect a different level of
understanding and hence a different level of acceptability of CAD, be

it higher or lower.

The cases present a wide spectrum of prior knowledge from virtually
no experience to wide experience with sophisticated CAPM and
design software. A ranking of experience has therefore been

developed as follows:

Level 1 : No systems in use within the Company

Level 2 : Computers used by some sections of the
Company eg Accounts, remote from the
Designers

Level 3 : Discrete packages used freely throughout

the Company but not for Design work
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Level 4 : Integrated CAPM systems used throughout
the Company but not by Designers

Level 5 : Integrated CAPM systems available to the
Designers for reference

Level 6 : Computer systems used by the Designers,
eg for non-graphic design, databases or part

structures.

The initial levels of the six companies were:

Case Level Note

1 4

2 6 Limited to one designer
3 2

4 3

S 6

6 6
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5.1.3

Whilst the lower levels of prior computer knowledge may be of some
interest, Levels 5 and 6 are of particular interest, since they relate to

the exposure of the designers to computer systems.
Expectation of the System

Expectation of the system is extraordinarily difficult to define after
the event, and the best guide can be obtained by looking at the case

notes for each project made during the early discussions with the

-

Companies. The expectation is a combination of the initial
aspirations of the individuals within the Company as amended by the
experience of the Consultant during discussion. It is made up largely

of two components; targets and timescales.

If expressed verbally, an expectation would be "...to achieve level A by
time B". It may indeed be more complex than this, with several

targets and timescales embedded in it.
We can deal with expectations in one of three ways. Firstly we could

look to see what level was reached in the given time. This is difficult,

since it requires a subjective view of the level reached.
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Rather easier is to look at the time taken to reach the target. In
theory this is objective, but it takes no account of the probability that

a satisfactory or sufficing level may be achieved well within the time.

The third method is to combine the two targets in some type of
mathematical formula. Since a higher level and lower time are
"better" in relative terms, one simple formula would be to express the
expectation as A/B. Satisfaction is guaranteed when A/B exceeds a
predetermined value. Whilst this is fine on paper and mathematically
tidy, it requires a continuous subjective assessrﬁent of A. ‘It ;1150 has
the problem of having no limits on A, so that a satisfactory position

could be considered to be reached if a low target were achieved in a

very short time. This is clearly unacceptable.

For the purpose of this study, since we are dealing with a small
number of cases which can be compared easily, a more pragmatic
approach has been taken. Mathematical satisfaction is calculated at a
stated point on the implementation programme where development
has reached a plateau. At that stage the satisfaction level is taken as
the combination of the estimated percentage of target reached with
the inverse of the ratio of actual time and target time. This is

covered further in section 5.1.8.

So far as the expectations of the six systems are concerned, the

following six statements apply.

157



Case 1

To produce tank barrel designs in five hours and general assembly
drawings in eight hours within two years of starting the
implementation. To link the CAD system with Micross CAPM

software within three years.

Case 2

To reduce the average time required to produce a filter préss design
from 200 hours to 145 hours within 18 months. The actual target was
a saving of 3000 hours per year, but it was not feasible to assess the

savings in this form.

Case 3

To allow the designer to increase the throughput of work by 40
percent whilst working 20 percent fewer hours.
To enable a second draughtsman to take a significant part of the

workload, as a backup to the designer.

These changes were to take place immediately, with the full time

savings being achieved within six to nine months.

158



Case 4

To enable families of designs to be created quickly and easily by .
people other than the Managing Director. The target was to produce
a tailored version of an existing design in 30 hours, compared with the

usual 150 hours. This was to be achieved within the first 12 mon;hs.
Case 5

To develop an integrated CAD/CAPM system to allow B‘ills‘of
Materials to be generated on the CAPM system from CAD drawings.

This was to be achieved within 18 months of implementation.
Case 6

To increase the throughput of the design department by 50 percent
within 12 months without any additional manpower. To produce

cutting lists from the CAD drawings within 18 months.

Summary

The expectations, whilst all expressed in simple terms, vary in the
objectivity of their measurement and the length of time required to

carry out the measurement.
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Two of the Case Studies - 4 and 5 - opted for very easy measures.

The expectation was tangible in each case.

* to produce a tailored design in 30 hours

* to provide an integrated CAD/CAPM system.

The very first tailored design could be timed, and an accurate
measure of success produced in Case 4. In Case 5, the level of
integration was pre-defined, and the time taken to reach that level
could be measured. Even if the targets were not reached within the
expected time, an estimate of the extent to which success had been

achieved could be made.

Two of the Case Studies - 1 and 2 - opted for more difficult measures.
Both relied on an improvement in the time to complete a project.
Whilst this does not, on the face of it, seem too difficult it must be
noted that the project times varied significantly in both cases, and the
average project time was targeted for improvement. Whilst this is
measurable in the long term, its assessment over one or two projects

is somewhat objective.

The final two Case Studies - 3 and 6 - had very difficult measures of
achievement. Both sought an increase in throughput of the

department by 40 percent and S0 percent respectively.
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For a drawing office which develops many similar products in the
course of a month or year, this can be a useful measure of success,
but both these companies were project based, with a 10:1 spread of
project size. In both cases, therefore, the measure was extremely

subjective.

Fortunately both these companies had secondary, more objective
measures. The first sought to employ a second draughtsman to take
the load off the designer. The effectiveness of this could be measured
easily, tangibly and quickly. The second required the syst'em‘to

produce cutting lists. This is very easy to assess, and a measure of

achievement is objective.

Table 5.2 summarises the objectivity of the cases.

Case Measure Objectivity
1 Time to complete a project M
2 Time to complete a project M

3 - Increase throughput/

Second draughtsman L/H
4 Increase speed of operation H
S Integrated CAD/CAPM H

6 Increase throughput/ L/H
produce cutting lists

TABLE 5.2
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The degree of difficulty in achieving the expectations was very
difficult to assess objectively, but was likely to have some relevance
when assessing the value of the project. It was, arguably, easier for
the Consultant to assess than for the Company, since he had been
involved in several implementations and had observed many of the

problems likely to be encountered by the companies.

In an attempt to scale the degree of difficulty an ordinal scale has

been developed as follows:

1 2 3 4 5

Target easy Target very
to achieve difficult to
achieve

Using the scale the following assessment has been made.

Case Difficulty
1 4
2 2
3 3
4 3
5 5
6 4
Table 5.3
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5.14

Prior Justification

Justification is to some extent linked with expectation, although as we
saw in Section 2, justification may have little to do with the
operational milestones. In addition to that, we also saw that in‘many
instances justification is a static activity carried out at the concept
stage and may not be reviewed - indeed may be forgotten - during the
system implementation. As a result, a successful system may well not

achieve its justification targets, or conversely a system which has

-

reached those targets may be regarded as unsuccessful. As a simple
example, justification may be based on a four-year payback, whereas
success may be based upon time savings and hence throughput.

There is no guarantee that these two benchmarks will be reached at

the same time.

In small companies, where the same ’team’ is likely to be responsible
for justification and exceptions, we would not anticipate wild
differences in the two, but for completeness the measures of

justification have been extracted from the questionnaire analysis.
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Case 1

The main problem faced by Company 1 was the bottleneck in the
Drawing Office. Justification was therefore based upon increasing the
throughput of the D.O. A three workstation system would be justified
if it allowed enquiry and tender documents to be produced in half the
manual time whilst at the same time increasing the number of
projects per year through the department by 45 percent. These

measures line up fairly well with the expectations of the system.

- -

This is an interesting concept, since it regards the cost of the system
as secondary to its benefits. This approach continued through the
implementation, resources being made available almost without

regard to cost.

Company 2 had the same pressing need to get more work out of the
Drawing Office (D.O.) using the same number of people, but their

timescale was much shorter.

The D.O. was at full capacity, and new projects were being secured
more quickly than they could clear them. It was therefore essential
that the CAD system produced its benefits very quickly without taking

up valuable design time in the process.
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The justification in this case was related to short-term time savings
which were offered by the potential for parametric programming.
Unlike Case 1, however, cost of the system was not insignificant in the
eyes of the Company, and the ongoing benefits were expected to

outweigh the ongoing costs.

As the method of justification was not expressed in this manner at the
outset, the reasonable expectations of the system did not match the

justification.
Case 3

Company 3 had a major problem of designer overload. It was not
that the D.O. had insufficient space, but that the Company only had
one designer, and he was working long and hard to keep pace with
the workload. He had insufficient time available to train a second

designer, and as a result of pressure was extremely inefficient.
The justification as expressed by the Managing Director was that the

system should make the designer more cost-effective and reduce his

workload. At the same time the design operation had to be deskilled.
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This lines up fairly well with the expectations of the system. In
addition to this non-financial justification, a maximum budget for
hardware and software was set at £20,000, exclusive of maintenance
costs. Note that the degree of workload reduction and

cost-effectiveness increase formed no part of the justification.
Case 4

Company 4 was under similar constraints to Company 3, except that
the designer in this case was the Managing Director. He was aware
that he could not continue to run his Company and do all-the design
and draughting work. The justification in this case was fairly clear,
but stated in vague terms. "The cost of the equipment has to be
justifiable in terms of releasing me (the Managing Director) from

draughting work to do design and management work".

The Managing Director’s reasoning was that the system should be
cheaper than the annual cost of employing a Managing Director to
take over the management of the Company, thereby releasing him to
do the technical work. The justification was therefore loosely

financial.
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Whilst the justification and expectations are different, they both point
to the same end, and it can be argued that were either to be achieved
the importance of the other would wane. It is difficult to envisage a

situation whereby the expectations could be met without fulfilling the

justification criterion.
Case 5

Company S developed its justification on the back of the Consultant’s
report. This report showed a payback for the system which was
acceptable to the Company. It was decided that the system would be
justified if the savings in terms of speed of operation and quality of
output could be achieved. The justification could therefore be said to
be purely financial, although the non-financial benefits of integration
soon became paramount, to the extent that they were targeted without

further financial justification.
Case 6

Company 6 was more traditional in its approach to justification. It
took the expected savings less the annual maintenance costs as being
the benefits. It then compared this with the finance costs of the
system over four year. The system purchase was justified on the basis

that the benefits outweighed the costs.
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There was some suggestion that had the balance been more equal, or
even tipped in the other direction, some account would have been
taken of the additional benefits to be obtained by having more

draughting time available. In the event, however, this was not tested.

Summary

The actual justification for implementing systems tends to be very
complex, involving many different criteria. All we can do is pick out
the major points made during discussion, and assume that thére are

no hidden factors.

In one case, as we saw, there were such hidden factors which did not

come to light until well into the implementation.

It is fair to say that the match between justification and expectation is
not particularly good in most of the cases. This is partly because we
are comparing prior justification with expectations formulated in the
early stages of implementation, when the power of the systems had

been appreciated at least in some measure.

The findings of this section are summarised in Table 5.4.
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Case Non-financial Financial Match To

Justification Justification Expectation

1 Throughput None Good
2 Throughput Not Declared Poor
3  Reduced Workload Budget only Fair

4  Reduced Workload  Tenuous Fair
5  Speed and Quality Payback Poor
6 None Payback Poor

TABLE 5.4

5.1.5 Management and Organisation

As a company grows, its structure changes, and this change is often
accompanied by delegation of authority and responsibility. The
designer in a very small company may well report to the Managing
Director, whilst someone with equivalent skills in a large company
may find himse]f three or four steps removed from the Managing

Director.
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If that designer is responsible for implementing CAD in his drawing
office, we may expect to find differences not only in the approach to
implementation in areas such-as justification, but also in the actual
methodology of implementation. For instance the project team is
likely to have a different emphasis, and the scale of the
implementation may be different. Not only does the structure of a
company change as it grows, but the management style may also
change. It is not uncommon to find an autocratic manager at the
helm of a very small company, but participative management tends to
be more common with the larger companies. This can havé a
dramatic effect on the justification and implementation of capital
equipment. For this reason, the organisation structure of the six
companies has been .recorded, noting the management style of the

Chief Executive.

It was not deemed necessary to show the whole of the structure, but
all the departments who may have influence on selection and
implementation have been included. The structures are shown in

Appendix 3.
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Case 1

This Company is "directed" by the Managing Director in the true
sense. Whilst he does on occasions become involved with day-to-day
operation, this is rare, and the Company is managed effectively :by the

other executive members of the Board.

The teamwork at that level is good, with the Financial Director being

the unofficial but unchallenged team leader. His personal, technical

-

and strategic skills fit him well for this role.

The structure is quite traditional, with the pre-sales and post-sales
design being handled by the Technical Director, production planning,
including Bill of Material structuring, by the Production Director, and
the management information, including CAPM systems, by the
Financial Director. All the MIS and CAPM and systems have been

computerised to some degree.

The D.O. is in the charge of a D:O. Manager, who spends some time
estimating but the bulk of his time managing the D.O., issuing work
to a priority list and ensuring that schedules are met. He is also
responsible for new product development and the legal requirements

of the new products.
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At the start of the project, all the computer expertise and literacy was
vested in the departments controlled by the Financial Director and
Production Manager. The Technical Manager had no prior computer
knowledge, and none of the D.O. staff had been involved with
computers. Coincidentally, within a few weeks of the CAD study
being started, a draughtsman was taken on who had CAD experignce
obtained outside the Company, although this experience was fairly

limited.

Relationships between the "technical" and “"production” dépaftments
had always been good, with free interchange of information. The
drawing office personnel spent considerable amounts of their time on
the shop floor, particularly when a new product was being developed,

and this was seen by both parties to be quite normal.

The boundaries between the technical and production jobs were well
defined. The D.O. prepared detailed drawings and parts lists, but the
planners produced the structured Bills of Materials. This was seen as
necessary because of the planners’ intimate knowledge of production

methods.
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It was considered that this division was essential for efficient and
accurate operation of the system. Whilst current thinking may regard
this as unenlightened, it has to be said in its defence that the close
working relationship of the two departments allowed it to work

remarkably well.

Case 2

As with Case 1, Company 2 is "directed" by the Managing Director
and managed by the senior executives. This direction is rather more
hands-on, and is controlled by daily production meetings. The
Managing Director is effectively running two separate companies on
the same site, which share very few resources, but carry out work for

each other on occasions.

The pump section is managed by the Works Director, whilst the Press
section is managed by a Technical Director and a Production
Director. Each division has its sales personnel, and the Financial

.Director is responsible for the accounts of both division.
The Pumps division has a single design draughtsman, and since an

early decision was made not to provide CAD facilities for this

division, it is not considered further.
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Design work on the Press section falls into two categories both in
style and organisationally. Major contacts are handled by a contracts
designer and his small staff, working directly for the Technical
Director. Again, an early decision was made that this section could

not be computerised effectively in the short term.

The bulk of the design within the Company is in press work, and this
is handled by the Drawing Office. The D.O. Manager works directly
for the Technical Director and controls two Chief Designers. One is
responsible for all the electrical design, with a single perrilarfent
designer. The other one is responsible for all mechanical design; he
controls a variable sized team, depending upon the workload. At the
minimum this would be four designers, but this could be
supplemented by up to seven contract draughtsmen. The normal

complement is four plus two contractors.

At the start of the project computer literacy was limited. A computer
based accounting system had been in operation for some time, but

there was no CAPM system.

The Chief Designer (Mechanical) and the Production Controller had
both been to night school on basic computer courses, and were able
to programme in BASIC and PASCAL. They were, of their own
volition, developing unofficial systems between them to help the

production planning process.
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In doing this they had developed a very close working relationship,

and their departments worked closely together as a consequence.

Within the D.O. environment the jobs were not particularly well
defined, with the exception of the electrical section. New products
were handled initially by the D.O. Manager, who decided, in
conjunction with the Chief Designer whether the product would be
designed by the Chief Designer himself, or whether it could be

designed by one of the other team members.

If a decision was taken on the former course of action, a team would
be set up to handle the design, headed by the Chief Designer. In the
case of the latter course of action, the management of the projects
was much less well defined. Some would be handled directly by the
D.O. Manager, some by the Chief Designer, some by both and some
apparently not at all. In short, D.O. Management was far from
perfect. The uneven, and often very heavy, workload of the

department was cited as a reason for this.

The boundaries between design and production were very clearly
defined, with the designers preparing parts lists and cutting lists but
having no part in production planning. On occasions the designers
would be called onto the shop floor to resolve production problems,
but this was informal and ad-hoc, and generally related to drawing

errors or insufficient information.
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The working relationships were far from close and at times

antagonistic.
Case 3

Compared with the two previous cases, the organisation structure of
Company 3 is very simple. The Company is small, and the structure

reflects this.

At the start of the project, all design work was carried out by the
Chief Designer, who worked directly for the Managing Director. He

was also responsible for all post-sales customer liaison.

The Company was run on a day-to-day basis by the Managing
Director and the Financial Director, with the Managing Director
being responsible for all functions other than accounting. The

Chairman was a non-executive accountant.

For a small Company, the amount of attention paid to the design
process by the Managing Director was very small, and arguably
reflected his confidence in the Designer. The Managing Director’s
main function was in sales and liaison with the agents throughout the
country. His knowledge of the design and manufacturing process was
good, although not to the level whereby he could take over either of

the functions.
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The Managing Director’s "hand-off" approach was also evident in his
dealings with the production unit. His Works Manager was in full

control, reporting to the Managing Director infrequently.

Liaison between the Designer and production was good, and he:spent
a considerable amount of time with the mouldmakers. One of thf;
reasons for this was that in many cases it was seen as simpler to
communicate concepts verbally than pictorially. There was certainly
benefit in this approach, since the.Designer maintained an intimate

knowledge of the limitations and potential of the production process.

At the start of the project all the computer literacy resided in the
.F.D. and one other member of his accounting staff. This was limited
to sales, purchase and nominal ledgers, stock records and sales order
entry, all on a single Apricot microcomputer on which the payroll was
also done. The routines were simplistic, and needed to be reviewed.
The designer was familiar with the concept of CAD, but had not been

involved directly.
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Case 4

Company 4 had grown fairly quickly on the expertise and knowledge
of the Managing Director, an entrepreneur who had exceptional flair
but little managerial expertise by his own admission. Apart from the
Managing Director there was no other manager in the Company with
any authority apart from the Accounts Manager’s statutory authority.
The Managing Director was capable of doing all the jobs in the

Company without exception, and tended to hold on to the parts he

-

enjoyed - design and development.

Partly because of his awareness that the could not do everything, and
partly because of time constraints, he employed a designer who
worked under his close supervision. He also employed a Works
Supervisor who worked under equally close supervision. As a result,
all decision making involved the Managing Director to some extent,
and there was no perceived need for the designer and supervisor to

talk to each other, let alone work closely together.

At the start of the project there were no computer literate people in
the Company. All the systems were manual even to the extent of

having no word processor. The Managing Director was aware of the
existence of sophisticated systems and had been to demonstrations of

several.
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Apart from accounting systems, for which he saw little need at that
stage, he had looked at two CAD systems in some detail, and had

been convinced that this was the way forward.

Job descriptions in the Company were nonexistent, and there was a
great deal of overlap between the Managing Director and virtually all
the staff who worked directly from him, to the extent of confusion in
some cases. There was almost no overlap between departments,

because of the Managing Director’s “divide and rule" method of

-

management.

The foregoing gives the impression of a hard-nosed autocrat, but this
was far from reality. The Managing Director led by virtue of his
technical ability - which was second to none in the UK - and his
gentle, persuasive manner. He had also collected around him a team
of relatively passive people who had neither the expertise nor the

desire to challenge or push him.

Case 5

This Company is directed by a Managing Director, with a very strong
executive team behind him. By far the strongest member of this team
is the Works Director, who has responsibility for all technical and
manufacturing functions, ie everything except accounts, sales and

administration.
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At the next level down from the Works Director there is a layer of

first-line management.

The Drawing Office Manager controls a design/drawing office with
six people including a supervisor. This D.O. is responsible for all
design work and estimating for nonstandard products, excluding ‘
structures. A separate department is responsible for structural design
and lighting planning, reporting to the Sales Director and feeding the

structures and lighting plans to the D.O. for the detailing if necessary.

-

The split between design and lighting se.ems somewhat arbitrary, but
whilst the reasons are historic, the principles 'WOrk in practice, and
there is little or no overlap between the departments. Jnstallations
are also controlled by the Sales Director via an Installations Manager.
This is regarded as essential because of the high degree of customer

contract by this department.

At the start of the project, both these departments would create
designs up to the parts list stage, and then pass them to the

production planning department for Bill of Materials structuring.
In this and other respects, jobs were very clearly defined. All

employees had job descriptions which detailed their reporting lines

and levels of authority and responsibility.

180



To some extent this had led to "hard" demarcation between
departments, and there was a high degree of insularity throughout.
That is not to say there was any animosity between departments, and
they were working well together. One of the reasons for this was the
participative style of the Works Director. He held regular
planning/progress meetings for his first-line managers and others such

as the Industrial Engineer who worked with his managers.

The Company was very computer literate. A large mainframe
computer carried out all accounting functions, and an extensive suite
of software was in use for production planning and control and

management information.

In addition to this, there were several numerically controlled pieces of
equipment on the shop floor. The lighting designers used Hewlett
Packard microcomputers for their design work, linked to printers and
a plotter. The CAD system was therefore one of the last links in the

computerisation jigsaw.

Every department, including the D.O. was computer literate, if only to

the extent of using the system to interrogate parts files.
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The role of the D.O. Manager was key to the efficient functioning of
the Company. Priorities on projects were set at the Works Director’s
meetings, but within these guidelines the D.O. Manager would
coordinate the design and planning functions to ensure that the
project could be completed to schedule. This may involve liaison with
the buyer to pre-order long leadtime materials, and liaison with the
planning department to optimise material usage. Once in production,
he would also liaise with the manufacturing unit to resolve production

problems related to design. This would often result in improved

- -

design practices for the future.
Case 6

Company 6, whilst not being a particularly new Company, could
hardly be regarded as well-established in people terms, having had

significant personnel changes prior to the start of the project.

The Managing Director is a salesman and leads a small team of sales
personnel as well as controlling two manufacturing units. It is clear
that his scope for hands-on management is limited, and he places a

great deal of reliance on his management team.

The team is conventional in most respects, but has an ’extra’ manager,

who in the event turned out to be crucial to the CAD system success.
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Some 12 months prior to the start of the project, the D.O. Manager
had resigned to take up a post elsewhere after many years of service.
He was duly replaced by an equally competent but less experienced
Manager. Within nine months he had left his new post, and the
Company took him back, because of his experience, as Special .
Projects Manager. In this role he was allocated major projects or new
developments, and worked alongside the D.O. Manager and/or sa‘les
staff. In his short time away from the Company he had gained some
limited experience of CAD, which was seen by the Managing Director

to be beneficial so far as his future plans were concerned.

Roles within the Company were clear but flexible, with staff crossing
the traditional demarcation lines whenever the need arose. For
instance the designers would, if necessary, carry out some of the
planner’s work if he were busy. The special Projects Manager would
also get involved with design, draughting and planning at times of

extreme pressure.

Relationships with the production unit were excellent. This was partly
because of the tendency of the designers to under-specify work to an
extent where verbal instruction was required as a supplement. The
Directors and Managers were aware‘ that this state of affairs could not
be allowed to continue, particularly if they were to seek certification

under the BS 5750 Quality Assurance Standard.
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Nevertheless, this constant contact between the department fostered

close working relationships.

Unusually, the planners, who were responsible for creating cutting
lists from the drawings, worked for the Production Manager, and not
for the D.O. Manager. For the reasons expressed earlier, this caused

no problems.

The Company was computer literature to an extent. The accounts
were computer based, and the planners used a suite of be.sp(;ke
software for cutting lists, part of which had been developed by the
Special Projects Manager in his former role as D.O. Manager. This
had not been implemented because of a shortage of hardware. There

was no computer based CAPM system.
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Summary

To summarise the foregoing as an aid to focusing on the similarities and

differences between the companies, ten categories have been selected.

These are summarised further in Table 5.5.

Management Style of Chief Executive

This can have a significant effect on the way in which decisions are taken
within a company, particularly where costs and benefits are ﬁeirfg traded
and specifically where they are expressed-in financial terms. The
approachability of the Chief Executive may also be important in the way

the company manages significant change.

Size of the Management Team

The number of people involved in strategic decision making may have an
influence not only on the speed of decision making but also on its

effectiveness.

Position of the "Driver”

s

The Chief Executive may not be directly involved in implementing the
CAD system, and this category defines who in the organisation was

responsible.
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Management Style of the “Driver"

As in 1. above, this may have a significant effect on the implementation.

Management Style of the Drawing Office (D.O.)Manager

Whilst the D.O. Manager may not be driving the implementation, his
method of management may have a profound effect on the speed and

effectiveness of the implementation.

Effectiveness of the D.O. Manager

It was clear during the studies that the D.O. Management varied
between good and poor, and this may well have had an effect on the

success or otherwise of the implementation.

D.O. Internal Relationship

Linked with 5. and 6. above is the internal working relationships between

members and sections of the D.O.
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8.

10.

5.1.6

Inter-Departmental Boundaries

As CAD has the capacity to be a cross-functional technology, the
relationships between departments are important. This category

describes the strength of boundary definition.

D.O. External Relationships

Following on from &, this category describes the effectiveness of the

-
-

D.O. in working across those boundaries.

Challenge to Authority

This follows on from 1. and 4. above, and describes the openness of the
CAD implementation management to criticism, advice or questioning. It

may provide pointers towards true team-work.

Management "Ownership"

Management commitment to a project has been recognised as being
essential to its success for many years (see Section 2.4). In recent years,
a new level of commitment has been identified and propounded,
particularly where high technology implementation is concerned. This is

the Project Champion.
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It is suggested that this individual, to be successful, should be influential
in the management structure, and should work closely with the

specification/implementation team (Altschuler et. al. (1984)).

This section looks at the position and authority of the person most
influential in implementing the CAD system at the six companies. It
considers his relationship with the implementation team where this is
relevant, and his contribution to the success or otherwise of the project.
It also looks at the contribution of others further up and down the

structure who were fundamental in supporting or counteracting his plans.

Case 1

At Company 1, the CAD project was managed by the Financial Director
(F.D.). It was he who commissioned the Consultant to select a suitable
CAD system, and he was involved in developing the brief for the

Consultant.
Throughout the consultancy phase, all reports were made back to the

F.D., and the final report was presented to him. Only after he had been

through the report in detail did he involve others.
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So far as the hierarchy of responsibility was concerned, he had been
given the task of implementing CAD by the Managing Director, who
required little involvement. The F.D. therefore saw it as his role to -
manage the whole of the project to eventual implementation, using
whatever resources he required. He had full authority to select and

direct an implementation team.

The team he selected was small. The Drawing Office Manager was a

key member, and the Technical Manager was involved on the periphery.

-

-

The Production Control Manager was involved as required, as was the
computer specialist. The "full time" team therefore consisted only of the

F.D. and the D.O. Manager.

So far as the Consultant was concerned, two sources of information were
essential. Technical requirements for the system were obtained by

detailed discussions with the D.O. Manager and his senior staff.

The Consultant was fully conversant with the CAPM system in use and
the hardware platform, but required the expertise of the computer
specialist when developing the interface to the CAPM system,

particularly in terms of file structures.
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Final selection of the CAD system was in the hands of the F.D. This
may seem a dangerous path, but the shortlisting had at that stage been
done by the D.O. Manager and Consultant, and the three systems
shortlisted were all technically capable of the task in hand. At that stage
the F.D. became involved in detailed discussions with the vendors, not
only on system costs, but on the more technical aspects of links with the

CAPM system.

It would have been very easy to alienate the Technical Manager (T.M.)
who was ultimately responsible for the Drawing Office, and .her;ce the
CAD system. However, the F.D. used his considerable ihter-personal
skills to avoid any conflict, keeping the Technical Manager informed on
progress and involving him in the more important stages of the
negotiations. It must be said that the T.M. had little to contribute to the
system selection or implementation, and saw himself as too busy to be

involved in the detail.

The implementation of the system was managed by the D.O. Manager,
but very closely monitored in terms of cost and progress by the F.D. It
was during this stage that the M.D. began to take a more active role,

once the implementation was running behind schedule.
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Whilst supporting the F.D. fully, he insisted that the T.M. took a more
active role, and took the necessary decisions to allow the D.O. Manager
to be released to manage the implementation full-time. At no stage was
the F.D. seen to be over-ruled, the M.D. acting purely in a supporting

role.

All negotiations with the supplier before, during, and after the
installation were conducted by the F.D., supported where necessary by

the D.O. Manager, Consultant or M.D.

As a project manager or "champion®, the F.D. was extremely successful
and effective. He involved himself in the technical aspects of selection
to a high level, as well as the more familiar (to him) financial aspects.
By so doing, he was able to challenge statements and recommendations
made by both the vendor and his own implementation team. This ability,
coupled with his apparent impartiality and fairness gave him credibility

and enhanced his authority.
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Case 2

It is not unfair to state that at Company 2 the project was not managed
by any single person. The Consultant was commissioned by the
Managing Director, who laid down very few guidelines for either the
project or the system. It was to the M.D. that the Consultant presented
the final selection report, although he (the M.D.) took no active part in

its preparation.

The logical source of technical information would have beer; the D.O.
Manager, but he expressed his misgivings about the feasibility of CAD
and passed the responsibility to his Chief Designer (C.D.), who was
considerably more snthusiastic. Information not available from the C.D.
was available from the Contracts Designer or the Electrical Designer, all

of whom worked physically closely together.

Whilst the C.D. was the main contact, he had no authority or
responsibility for the project, and was not involved at the final
presentation. Nor, incidentally, was the D.O. Manager or Technical

Director.

Having accepted the findings of the selection study, the M.D. involved
the T.D. in the final selection and meetings with prospective vendors.
The T.D., whilst not being so sceptical as the D.O. Manager, needed to

be convinced of the benefits of CAD.
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The vendors did this to a level at which he was at least prepared to
support the project, although to suggest that he was totally committed to

its success would be to overstate the case.

Negotiations with the vendor were carried out by the M.D. and thé T.D.,
with some input from the Consultant, and a little from the C.D. These
were far from straightforward, as the vendor was in the process of
changing his hardware platform, which involved a software change.

Nevertheless, a deal was arranged between the companies which involved

-

a combination of purchase and lease.

At the point of delivery of the system the M.D. took a back seat, and the
project became the responsibility of the D.O. Manager, who delegated it

to the C.D. as a part-time activity.

Software and hardware problems with the supplier caused the M.D. to
become involved, and the T.D. was also brought back into the picture.
Again, there was no "ownership" of the system at any level, and this
caused severe problems for the vendor, who was receiving éontradictory

information from different levels in the organisation.

The Consultant was invited to intervene, and the immediate problems

were resolved fairly amicably for the time being.
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The eventual breakdown of the project came suddenly. In the absence
of any evidence that cost savings had been achieved by the Company
through use of the system, the M.D. requested an investigation by the
Consultant. This found that the system was not being used effectively,
and that by altering working practices the D.O. Manager had effectively

sidelined the system.

The C.D. had attempted manfully to use it, but pressure of work and the
introduction of the new practices made this almost impossible. Whilst he
was still convinced that it could be cost effective, he was pov:/erl‘ess to do
anything about it. The Consultant’s report stated that in the absence of
records it was not possible to evaluate the actual or potential
contribution that the system had been making or could make, but the

short-termism of the new working practices was criticised.

The T.D. received the Consultant’s report, and on his recommendation

the M.D. decided that the project should be suspended.
Somewhat acrimoniously, the vendor was asked to remove the rented

equipment, and the equipment which had been purchased was virtually

mothballed.
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Case 3

At Company 3 the decision to investigate the use of CAD was taken by
the Managing Director (M.D.), although it was clear that the Financial
Director (F.D.) and the Chief Designer (C.D.) had been involved in
discussions on the subject prior to this. As a result there was general
consensus amongst the senior management team that the project as a

whole was desirable.

The case was unique amongst the six cases, in that a decisior; had
"élready been taken to purchase a CAD system, and the Consultant’s brief
was to select a suitable system. That this had not been a fully informed
decision became evident as the project progressed, although the decision

turned out to have been correct in terms of potential benefits.

The M.D. retained full control and ownership of the project throughout
the evalpation and selection stages, and was intimately involved at all the
demonstrations, together with the C.D. He thus became something of an
authority on 2D /3D draughting and was able to take an active part in |
the discussions. In this respect also the case was unique. At no stage
was the Consultant required to make decisions. All his assumptions were

tested fully and any recommendations were questioned in detail.
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This not only enabled the M.D. to learn about systems very quickly, but

also gave him confidence in his decision to purchase.

The C.D.’s role was to some extent a parallel to that of the Consultant.
He sought out the technical areas which may give rise to problems:and
assured himself that the chosen system was able to meet his

requirements.

The role of the F.D. was rather different. He was not so well informed
on the technical aspects of CAD as the M.D. or C.D,, but h.e had taken
some trouble to look in detail at the various methods of financing the
purchase. Having been kept up-to-date on the general progress of the
project, he was able to step in and negotiate the purchase from a

position of strength.

There can be no doubt that in this case the M.D. was the System
Champion, although the other members of the team worked so closely
with him that there was no conflict whatever. The final decision, when it

was made, was unanimous.
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Case 4

The Managing Director (M.D.) of Company 4 was an autocrat, and not
surprisingly he took on the role of the System Champion. As owner of
the Company his authority was unchallenged, and this remained so

throughout the project.

The evaluation and selection stages of the project involved the M.D., but
also the draughtsman. However, the draughtsman’s input was limited for
two reasons. Firstly, since he had been with the Company a very short
time, his knowledge of systems, procedures and working practices was
limited. Secondly, he was on a short-term contract, and had little

interest in evolving systems for the future.

The M.D.’s position during these two stages was that he was prepared to
impart as much information as was needed, but he did not want to take

an active part in system selection.

He took the attitude that the Consultant would select a suitable system
and was better left alone to do so. Whilst this was far from satisfactory
from the Consultant’s point of view, the M.D. had made his stance and

would not be moved.
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At the final selection stage the M.D. agreed to be involved in
benchmarking, and introduced two further vendors of his own to the
shortlist of three. He and the Consultant prepared the benchmark test

and used it to select the system to be purchased.

At that point the M.D. suspended the project for about a year because of
the trading situation. At the end of the period the M.D. reviewed the
systems again and purchased the selected system. At that stage he had

no design staff, and he employed a young graduate to load the system.

-
-

Both were trained by the vendor.

It had always been the intention of the M.D. to re-employ a designer
who had worked for him previously, and he did so at the first
opportunity. This designer had no CAD experience, and had not, of
course, been involved in the selection. He was therefore fairly
unenthusiastic about the system, despite being trained by the vendor.

The M.D. was unable to raise his enthusiasm at that stage.

Only after working with the system for some months and undertaking a
refresher course did the designer stop fighting the system and begin to
use it effectively. From that point a successful outcome was within

reach, and benefits were achieved very quickly.

199



At no stage did "ownership" of the implementation move from the M.D,,
although his control of the situation was suspect at times. His inability
to motivate the designer to use the system effectively was central to the
protraction of the project, and in the event may have been contributory

to the eventual demise of the Company.

Case 5

The investigation of the need for CAD in Company S was instigated by
the Works Director (W.D.). It was clear from the outset the;t tl;e W.D.
had spent some considerable time considering how a CAD system could
be linked to the existing CAPM system and making himself familiar with
the types of system available. He recognised that he did not have the

skill or knowledge to select a system form those available on the market.

The Consultant’s main contact during the study was the Drawing Officer
(D.0.) Manager, who also had a little knowledge of CAD through his
extensive reading. However, at all stages of the project the Works
Director made himself available for providing and receiving information.
He made it clear that he wished to be involved throughout the selection

procedure.



Prior to the investigation the W.D. had negotiated a budget for the
proposed system at Board level, although this was deliberately withheld
from the Consultant during the selection stage. Only during the system

evaluation was the presence of a budget admitted.

The W.D. took no active part in benchmarking the selected systems,
leaving this to the D.O. Manager and CAPM Consultant. The CAPM
Consultant had been brought into the selection team by the W.D. to

highlight and evaluate the potential problems of linking CAD and

-

CAPM.

Unlike most of the other Cases, an integrated system had been specified
from the start, and the links were to be demonstrated by the vendor

prior to purchase.

Following each benchmark, the W.D. received reports from the
Consultant, the CAPM Consultant and D.O. Manager, who agreed the
next action with the team. The benchmarking and selection thus
proceeded in a steady, controlled fnanner, interrupted only by a period of
inactivity by a shortlisted vendor. All aspects of justification of the
system were demonstrated to the satisfaction of the team, and in

particular the W.D.
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Once the technical specification had been finalised and agreed, the W.D.
took over the financial negotiation and purchase of the system. Guided
by the Consultant, he specified a phased approach to the
implementation. Whilst the D.O. Manager was ostensibly in charge of
the implementation, he delegated much of the responsibility to th€ Chief
Draughtsman (C.D.), who reported progress directly to the W.D. This
was fortuitous in that part way through the implementation the D.O.
Manager left the Company and the C.D. was promoted to that position.

From that point progress was faster.

The implementation was monitored in detail by the W.D., who checked
progress against targets agreed with the D.O. Manager. All the
necessary orgarisational changes, such as combination of the D.O. and
the Planning Department were instigated and monitored by the W.D,,
who received reports of progress weekly and resolved operational
problems as they arose. The fact that he had control of these two
departments was clearly advantageous, and his own motivational style
appeared to play a significant part in the success of these fundamental

changes.

There can be no doubt that the W.D. controlled the selection,
implementation and monitoring of the CAD system from beginning to

end.

N
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What is equally clear is that he had the authority to proceed as he
thought fit at all stages, even to the extent of going slightly over the
budget figure agreed with the Board. Whilst the writer was not privy to
the Board discussions, the results of those discussions would suggest total
support for the W.D. throughout. At no stage did the Managing Director
or any of the other Directors become involved directly in the project,
although a copy of the Consultant’s report was made available to Board
members.

Similarly, the extent of authority ad responsibility of the tear;l rﬁembers
was very clear to all from the start of the project, and there was little or
no interference from above other than that required for monitoring

purposes.
Case 6

The situation at Company 6 in terms of managerial involvement was not
unusual. The Managing Director (M.D.) instigated the investigation into
the use of CAD, but thereafter withdrew from the- project until the
system was selected. His involvement with the consultant was at the

minimum level consistent with courtesy.
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The project "driver" was the Special Projects Manager. This individual
had formerly been D.O. Manager, and had left the Company for a period
to work for a competitor. When he left the competitor he was taken
back by the Company with alacrity, partly because of his undoubted skills
and partly to avoid his moving to another competitor. As the post of
D.O. Manager had been filled, a new post was created for him. Whilst
the post was ill-defined, the implementation of CAD was seen as an
ideal "special project” for him to manage.

His knowledge of and experience with the Company made i{ ur;necessary
for anyone at a more senior level to be involved to any extent, a factor

which was welcomed by the M.D.

The Special Projects (S.P.) Manager was given full authority to specify,
identify and select a suitable system, with the help of the Consultant.
The initial specification and shortlisting was carried out jointly by the two

individuals, but at that point a consultative process was started.

Several interested parties were invited to join a small team to prepare a
benchmark test. This team included designers, draughtsmen, planners
and the buyer. The involvement of all these people was seen as key to

the eventual success of the system.
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Once the benchmarking had been conducted to the satisfaction of the
S.P. Manager, the final selection was carried out and a quotation was
prepared. At this point the M.D. again became involved, and conducted
negotiations with the technical assistance of the S.P. Manager. From
that point and for the next six months or so the M.D. remained in:
contact with the project, receiving progress reports and monitoring

draughting times against targets set during the selection phase.

The M.D. and S.P. Manager held monthly meetings to review the system

performance, and any necessary actions were discussed and agreed for

subsequent implementation by the S.P. Manager.

The identification of a "project champion" at Company 6 is not so clear
as in some of the other cases. Whilst the S.P. Manager had control of
the selection and implementation, it became clear that he had no
financial authority. On the other hand, the M.D. who had that authority
relied totally upon the technical expertise of the the S.P. Manager, and
to some extent the Consultant, during the project. The fact that he had
initiated the project and supported it by implication during its early
stages probably points to his being the “"project champion", although he

was not the "driver" of the project.



Summa

A "project champion" can be identified in five out of the six cases,
although surprisingly in one of those five cases the "driver" of the project
was a different individual. Table 5.6 shows the position of the project

champion in the organisation.

Case Project Steps Remote Project

Champion From M.D. Driver
1 Financial Director 1 Financial Director T
2 None - None
3 Managing Director 0 Managing Director
4 Managing Director 0 Managing Director
5 Works Director 1 Works Director
6 Managing Director 0 Special Proj. Mgr

Table 5.6



5.1.7 Commitment to the System

Before getting too involved in this Section it is important to determine
what we mean by commitment to the system, since it would appear that
commitment can be identified and evaluated at various levels and stages.

These can be broken down as follows:

By level in the organisation:

Commitment by the : Chief Executive
System Champion
Project Team

User Group

By implementation phase:

Commitment at the : Concept Stage
Selection Stage
Implementation Stage

Integration Stage



By Commitment Type:

Commitment to : Buying a System
Getting it Right
Making it Pay
Using it all the Time
Expanding the System
"Full* Integration

Implementing Quickly

There are also peripheral issues which may cloud the commitment, such
as the "me too" syndrome, or the need to implement because there is no
other way to do the job. .Both these factors could be more compelling

than the level of commitment.

Clearly, then, the issue of commitment to the system is going to be
difficult to define and even more difficult to evaluate, since there can be
no absolute scale of commitment. If this were not sufficient, there is also
the likelihoc;d that commitment may change during'the implementation,

and may increase or reduce.
To reduce the complexity of this analysis, it has been decided to look at

the level of commitment of two people or groups of people at four stages

in the implementation.
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Since the "system champion" was in all cases the most senior person
directly involved, and at the same time the decision maker, his level of
commitment is important. The other individual or group is the user or

user group, whose commitment can make or break a system.

The four stages chosen are:

1. System selection stage.
2. Immediately before the worst setback.
3. Immediately after the worst setback.

4. When the setback had been resolved.

These stages have been chosen with some forethought. At the system
selection stage the likely costs and benefits have been evaluated and the
company has to decide whether to proceed. Any lack of commitment at
this stage could presage problems later. The period immediately before
a major setback is likely to be a honeymoon period, when all appears to
be well and confidence is high. Immediately after the setback all those
involved are likely to be reeling and possibly confused. This is where
confidence can drop. Once the situation has been resolved, and some
confidence has returned we can again look at the commitment in a stable

situation.



In order to reduce the subjectivity of measuring commitment, an ordinal
scale has been developed. However, it must be understood that the
placing of individuals or groups on this scale involves subjective
judgement by the writer based on discussions and contemporaneous

notes made by the Consultant.

The scale used is as follows:

A. The participant had no interest in the project or in its success or

-

failure.

B. The participant would rather the project succeeded than failed,
but was not prepared to take an active role.

C. The participant wanted the project to succeed and was prepared
to help it to do so.

D. The participant was prepared to go out of his way to make the
project succeed.

E. The participant was prepared to do everything in his power to

ensure success, and would not consider failure.
It has to be emphasised again that some respondents would not express

their commitment, and the evaluation in this case can only be gauged

from their subsequent actions.
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Case 1

Company 1 had determined that CAD was an essential piece in its
Advanced Manufacturing Technology (AMT) jigsaw, and could see no
other way forward. This had been discussed at length by the Board, who
were all committed to a high level. In addition, some groundwork had
been done in the Drawing Office, and many of the draughtsmen were
keen to be involved. Those who were reluctant were informed that they

need not be involved in the early stages

The worst setback for the Company occurred some six months after the
first installation, when a period of intense design activity caused the
CAD system usage to fall and the more familiar manual draughting to
rise to cope with the work. This in itself showed a lack of confidence in
the system. This period lasted for around six months, and was followed
by a second period of poor vendor support and hardware changes lasting

two months. Confidence returned very quickly after this.

The commitment "map" for Company 1 is as follows

Phase
1 2 3
Champion (F.D.) D D E D
Users C D B D
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Case 2

Company 2 saw CAD as a convenient way of reducing the number of
contract draughtsmen in order to avoid the problems associated with
training as throughput increased. Whilst some of the contractors were
familiar with the products, many had to go through a lengthy

familiarisation as they were taken on.

As suggested earlier, their was no "system champion®, and no single
person "owned" the system. The commitment of the Managing Director

has therefore been tabulated.

The worst setback for the Company came six months after the first
implementation, when it was discovered that the D.O. Manager had
introduced systems to erode the benefits of the CAD system. This led to

a formal system review and a decision to abandon the project.

The commitment "map" for Company 2 is as follows:

Phase
1 2 3 4
Champion (M.D.) C C B B
Users D D E C
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Case 3

Company 3 was concerned at the pressure of work on its designer, and
saw CAD as being able to reduce this by eliminating repetitive drawing.
There was therefore some level of compulsion at the start of the project

which raised commitment to its success.

The Company suffered no major setbacks, but a few months after
installation of the system the pressure of work became very high on the
draughtsman, who at this stage was using both manual and CAb systems.
Fortunately a fall-off in work allowed the draughtsman the time to
concentrate 0; getting the CAD system fully operational. During this
period the draughtsman was supported by the M.D., who retained his

belief that the CAD system was the only way forward.

The commitment "map" for Company 3 is as follows:

Phase
1 2 3 4
Champion (M.D.) D D E D
Users D D E D
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Case 4

Company 4 found itself in a similar position to Company 3, in that the
CAD system was seen as the only way out of a manpower shortage. In
his case, the designer/draughtsman was the M.D. at the start of the
project. As the project progressed, a draughtsman was introduced to run

the CAD system, and then a designer replaced him at a later stage.

The major setback for the Company was the replacement of the
draughtsman by the designer. To some extent this was self-imposed,
since the designer had no experience of and little interest in CAD. A
period of intervention by the Consultant and a training course for the
designer resolved the situation to an acceptable extent in a short time,

and the designer’s attitude to the system increased dramatically.

The commitment map for Company 4 shows the designer and the

draughtsman as users.

Phase
1 2 3 4
Champion (M.D.) D D D D
Draughtsman C C - -
Designer - - A D
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